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Abstract. On 6 April 2009 at 01:32:39 UT a strong earth-
quake occurred west of L’Aquila at the very shallow depth
of 9 km. The main shock local magnitude wasMl = 5.8
(Mw = 6.3). Several powerful aftershocks occurred the fol-
lowing days. The epicentre of the main shock occurred 6 km
away from the Geomagnetic Observatory of L’Aquila, on a
fault 15 km long having a NW-SE strike, about 140◦, and
a SW dip of about 42◦. For this reason, L’Aquila seismic
events offered very favourable conditions to detect possible
electromagnetic emissions related to the earthquake. The
data used in this work come from the permanent geomagnetic
Observatories of L’Aquila and Duronia. Here the results con-
cerning the analysis of the residual magnetic field estimated
by means of the inter-station impulse response functions in
the frequency band from 0.3 Hz to 3 Hz are shown.

1 Introduction

Extensive investigations were conducted by the University of
L’Aquila in ULF band (0.001 Hz–0.2 Hz) to search for mag-
netic anomalies associated with the earthquake of L’Aquila
(Villante et al., 2009). The authors have studied the mag-
netic signals recorded in the ULF station of L’Aquila Univer-
sity located near the INGV geomagnetic Observatory. The
results of these studies do not support the existence of any
magnetic anomalies associated with the main shock and af-
tershocks. The present work aims to extend the investiga-
tion by identifying both the temporal and spectral windows
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in which the signal-to- noise ratio is more favorable for the
observation of magnetic signals of tectonic origin. These in-
vestigations are mainly concentrated during the main phase
of the earthquake when the seismogenic signals are able to
reach maximum amplitude. The analysis presented in this
paper uses data sampled at higher frequency (10 Hz) mea-
sured at the magnetic station of the European MEM Project
installed close to L’Aquila observatory in 2006 (Palangio et
al., 2009), located inside the seismogenic area. The refer-
ence station of Duronia (Karakelian et al., 2000) is located
outside the seismogenic region, 130 km away from L’Aquila.
Our analysis is based on differential measurements between
the two permanent observatories of L’Aquila and Duronia in
order to minimize the contamination from multiple sources,
such as the local background noise and the magnetic field
of external origin. Many experimental and theoretical stud-
ies on the electromagnetic phenomena associated with earth-
quakes in the frequency range from ULF to HF have been
reported, see Varotsos et al., 1984a, b, Bernardi et al., 1991;
Fenoglio et al., 1995; Fraser-Smith et al., 1990, 1993; Ger-
shenzon et al., 1989; Gokhberg et al. 1982; Hayakawa et
al., 1996; Johnston et al., 1987, 1989, 1994, 1997; Merzer
et al., 1997; Molchanov et al., 1992, 1995; Nagano et al.,
1975; Parrot et al., 1989; Park et al., 1991, 1993; Palangio
et al., 2007, 2008, 2009. These studies focus on different
aspects including variations in quasi-static electric and mag-
netic fields, telluric potentials, ULF magnetic fields, alter-
nating electric fields in the ULF, ELF and VLF bands, and
variations in the ground resistivity. Laboratory experiments
performed by several scientists, in order to better under-
stand the mechanism producing electromagnetic anomalies,
showed that the rocks emit electromagnetic radiation when
crushed (Ogawa et al., 1985; Sasaoka et al., 1998; Cress et
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Fig. 1  Diurnal variation of magnetic  intensity field  observed at L’Aquila Geomagnetic 

Observatory for all ULF emissions in the frequency band from 0.0017 Hz to 5 Hz.  
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Fig. 1. Continuum magnetic background noise at L’Aqula Geomag-
netic Observatory.

al., 1987; Frid et al., 2000). In these papers the authors show
that in the tectonic motion of faults responsible for earth-
quakes, the Earth’s crust responds with impulsive EM events
which span a broad range of frequencies. These general as-
pects of the dynamics of the crust, irrespective of the physical
mechanism and details of the system, when perturbed by a
slowly varying stress, are always present in the proximity of
and during the earthquake. An earthquake can generate elec-
tric charges in different ways: by compression of the rocks
through the piezoelectric or triboelectric effects and by the
diffusion of fluids inside the ground. The groundwater flow-
ing through the rocks could produce electrokinetic interac-
tions between the fluid and the rock pores. Another genera-
tion mechanism of signal emission proposed by Varotsos and
Alexopoulos are the PSPC (Pressure Stimulated polarization
Currents), (Varotsos et al., 1993, 1998), (Uyeda et al., 2009).
Another interesting model of generation of electric current
was proposed by Freund and his co-workers (Freund, 2002,
2003, 2007) named P-Holes theory which took strong low
frequency electromagnetic emissions reported in other pub-
lished papers into account. Kopytenko et al. (1993) and John-
ston (1997) show that the detection of seismogenic signals in
the extreme frequency band would require however surface
measurement systems to be very close to the epicenter of the
earthquake.

2 Local electromagnetic background noise

The magnetic noise from both natural and man-made sources
is the main source of the interference limiting the discrimi-
nation of signals of seismogenic origin. To achieve the dis-
tinction between true precursory signals and noise, a pro-
cedure based on the natural time concept has been recently
proposed (Varotsos et al., 2005; 2006a, b). Here we make
use of the conventional inter-station impulse response func-
tions method. It is common knowledge that there exists a
frequency band for which a compromise between the sig-

 

 

 

 

 

 

Fig. 2 Diurnal variation of background noise  (time window) 

 

 

 

 

 

 

 

 

Fig. 2. Time window, diurnal variation of background noise.

nal attenuation through the earth and the background noise
level in the frequency and time domain is reached (Dea et
al., 1993). So the role of background noise is crucial in the
research of seismogenic signals. The anthropogenic elec-
tromagnetic noise, such as power lines, DC railways, facto-
ries, etc., generates signals whose amplitude is often higher
than those of tectonic origin and in the same frequency band
(Lanzerotti et al., 1990; Fraser-Smith et al., 1975, 1978).
These sources of noise which vary in frequency and time,
are local in nature, so they could be difficult to distinguish
from anomalous signals of tectonic origin (Fraser-Smith et
al., 1978). Both background local noise and the signals of
external origin are characterized by a large diurnal period-
icity with a remarkable consistency of phase. A partial dis-
crimination between the two contributions can be made only
when there is a change in daylight saving time because the
noise goes with the local time while the external signals are
related to UT time. In order to explore the possibility to
detect seismogenic magnetic signals emitted from an earth-
quake source, it is very important to identify the most suit-
able time and frequency window by means of long and con-
tinuous records of the field in the frequency band of interest.
Figure 1 shows a typical feature of amplitude distribution of
ULF geomagnetic activity, the signals are filtered into five
frequency bands from 0.0017 Hz to 5 Hz. This background
noise arises from several contributions. Each contribution in-
creases with the decreasing frequency as shown in Fig. 1. At
L’Aquila Geomagnetic Observatory the weakest background
noise level occurs between 21:00 and 03:00 UT (Fig. 2). In
this time interval the noise is much lower than during the
daytime, about ten times, instead in the lowest frequency
band, around 1 mHz, the day-night ratio is about 50. The
spectral density of the noise reaches the minimum in the fre-
quency band from 0.3 Hz to 3 Hz. In this frequency band the
noise level is of the same order of magnitude as instrumen-
tal noise, furthmore the spectral properties take on the char-
acteristics of white noise (Fig. 3). This frequency range is

Nat. Hazards Earth Syst. Sci., 11, 1047–1055, 2011 www.nat-hazards-earth-syst-sci.net/11/1047/2011/



C. Di Lorenzo et al.: Non-inductive components of electromagnetic signals 1049

 

 

 

 

 

 

 

 

 

 

Fig. 3. Spectral window 

 

 

 

 

Fig. 3. Spectral window.

 

 

 

 

 

 

 

 

 

Fig. 4. Local  earth resistivity structure around L'Aquila Geomagnetic Observatory 

 

Fig. 4. Local earth resistivity structure around L’Aquila Geomag-
netic Observatory.

dominated by PC1 pulsations of magnetospheric origin and
by IAR signals (Ionospheric Alfven Resonator). Both fre-
quency and time windows are influenced by the global mag-
netic activity. For Kp<2 the frequency “window” occupies
the frequency band 0.02–5 Hz and the interval of local time
around 24:00 UT. During daytime, the frequency range of the
“window” is narrower and occupies the 0.05–5 Hz frequency
band. For Kp>2, the lower frequency boundary of the “win-
dow” increases up to 0.1–0.2 Hz and becomes independent
on local time. Therefore the frequency window 0.3 Hz–3 Hz
is almost completely independent on Kp index.

3 Conductivity structure of the earthquake area

The knowledge of the underground resistivity structure is an
essential requirement for the study of the electromagnetic
manifestations linked to earthquakes. The starting point of
these studies is based on the knowledge of the electric prop-

erties of the materials present in the focal zone of the earth-
quake by means of a stable estimate of the Earth’s conduc-
tivity structure. Assuming that the source of the geogenic
field is located at hypocentral depth and that this source can
be represented by a magnetic dipole, we evaluated the cut-
off frequency below which seismogenic signals are not at-
tenuated, employing the magnetotelluric method in order to
build a simple model of the subsoil resistivity. In Central
Italy the major tectonic activity is concentrated in the un-
derground depth range of about 5–15 km. This electromag-
netic skin depth sets the scale for the useful depth of explo-
ration. Our magnetotelluric investigations were extended to
a depth of 50 km. In the area of Central Italy the direction
of the active faults is roughly NW-SE. By means of a per-
manent magnetotelluric station located close to the L’Aquila
Observatory, we performed continuous measurements from
2004. Figure 4 shows the ground electric resistivity profile
calculated for L’Aquila station by means of the single sta-
tion magnetotelluric tensor evaluation. The 1-D profile is
obtained using a conventional magnetotelluric approach. To
obtain the resistivity profile we used a standard Occam 1-D
inversion code (Constable et al., 1987), using both the ap-
parent resistivity and the phase for the inversion. The profile
shown in Fig. 4 was obtained using only the two horizon-
tal components of the magnetic field and the two horizontal
components of the telluric field. The earth resistivity struc-
ture model shown in Fig. 4 represents the average elabora-
tions calculated over several years from 2004 to 2008. It
is assumed that the medium is formed of multiple layers of
horizontally stratified materials. The hypocenter of the earth-
quake is located at a depth of 9 km between two layers with
different conductivity properties. The layer which contains
the earthquake source has a resistivity of 500�· m located
on the top of the lower resistivity layer of 100�· m. This
low resistivity layer, below 10 km from surface, extends till
25 km depth. Based on this model, we have estimated the
integrated resistivity in the zone extending from the surface
to the hypocentral depth of 9 km. We calculated the expected
attenuation of the magnetic signals generated in the hypocen-
tral area in the frequency band where the local background
noise is lower. We used a simplified three layer conductiv-
ity model for the region, which includes the observatory and
the earthquake area consisting of a top layer 2 km thick with
a resistivity of about 5�· m, a lower layer 3 km thick with
a resistivity of 3000�· m and a bottom layer with a resis-
tivity of 500�· m, so the soil was considered as a homoge-
neous isotropic medium characterized by an integrated resis-
tivity

∑
ρ ≈ 1200�· m. The cut-off frequency of the earth

filter modelled in this way lies around 3 Hz, so that the en-
ergy of seismogenic emission will be able to be transmit-
ted from the source depth to the Earth’s surface with very
little attenuation for frequencies below 3 Hz (Fig. 3). The
time responseτ ≈ µζ 2∑

σ of the source due to the diffusion
time within the crustal medium is of the order of 0.8 s. (ζ

is the crustal depth and
∑

σ is the integrated conductivity)
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Fig. 5 Geographical location of the two observatories AQU and DUR 

 

 

 

 

Fig. 5. Geographical location of the two observatories AQU and
DUR.

Another relevant aspect is the temperature. In the upper por-
tions of the crust it is well below the Curie temperature. It
is expected that in the focal zone where the temperature is
less than 300◦C, rocks tend to behave as brittle bodies, espe-
cially when they are nearly dry. Therefore we cannot exclude
that piezomagnetic phenomena have developed in the focus
of this earthquake and have contributed to the genesis of the
observed signals.

4 Data analysis

The vector components of the geomagnetic field were mea-
sured continuously at the two Italian permanent geomag-
netic observatories (Fig. 5), situated at L’Aquila (42◦23′ N,
13◦19′ E, 682 m a.s.l.) and Duronia (41◦39′ N, 14◦28′ E,
910 m a.s.l.). Duronia is located outside the seismogenic re-
gion, 130 km away from L’Aquila . The magnetic signals
were sampled at 10 Hz. The peculiarity of the of Duronia
Observatory is the low electromagnetic background noise of
the site and the low noise of the instrumentation used for
the measurements. For example, in the frequency band from
0.1 Hz to 40 Hz the background magnetic noise level is par-

ticularly low, less than 20fT
/√

Hz. In the study of seismo-

genic fields, the necessity arises to separate the weak inho-
mogeneous magnetic fields produced by local sources from
the background noise, from the inductive signals, and from
the geomagnetic field of external origin, largely governed by
the activity of the sun. The problem of separating a sig-
nal from noise when the noise level is tens of times higher
than the signal level, can be solved only with differential
measurements. It is important to evaluate the scale length
and the distance from the measurement points of the var-

ious sources involved. External sources have a large spa-
tial extent and thus produce uniform fields on spatial exten-
sions up to about 100 km. However, over these distances
there are small gradients that vary during the day. There-
fore the simple differences between AQU and DUR are not
enough to extract the weak seismogenic signals measured at
L’Aquila station efficiently because the spatial gradient be-
tween AQU and DUR is of the same order of magnitude as
the signal of internal origin. The scale length of the noise
signals is of the order of tens of km while the scale length
of seismogenic signals for the L’Aquila earthquake is less
than 10 km and the distance between the measurement sta-
tion and the hypocentral point is of the same order. So
in terms of electromagnetic induction of the three sources
(noise, external and geogenic), we can identify three spatial
regions:Lext> 2δ,

1/2δ <Lnoise< 2δ Lseis< 1/2δ. Where

δ =

(
2
∑

ρ

ωµ

)1/2 in the first region the area of the earthquake

is in the far field zone: therefore the measured signal is due
to superposition of signals coming from external sources and
signals of inductive origin.

In the second region, considering the artificial noise, the
area of the earthquake is located in the transition zone in
which the measured signal is given by the overlap of the
signals generated by the noise sources and signals partially
induced.

In the third region, considering the seismogenic signals,
the area of the earhquake is in the near field zone where
the seismogenic signals do not lead to significant inductive
effects. The measured signals are those emitted from the
source without any contamination of the inductive nature. In
this case it should be possible to study the internal structure
of the seismogenic source by means of a measurement array
around the seismic area.

In order to discriminate the seismogenic signals we have
used the standard interstation impulse response functions.
This methodology takes into account the following circum-
stances:

1. inductive effect;

2. differences between the transfer functions of the mag-
netic sensors;

3. non collinearity of the sensor axes;

4. instrumentation noise;

5. local background noise;

6. differences between the resistivity structure of DUR and
AQU

Luckily, the geomagnetic activity during the earthquake was
rather low. Figure 4 shows the Kp index of geomagnetic ac-
tivity, and it is clear that the value of this index was not larger
than 6 nT during the day 6 April 2009. We can therefore cal-
culate the magnetic signals at L’Aquila from the recorded
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Fig. 6 Residual field depurated from inductive  and external fields 

 

 

 

 

 

Fig. 6. Residual field depurated from inductive and external fields.

signals at Duronia Geomagnetic Observatory regarded as in-
puts. In the present case, we used the inter station transfer
function approach and found that it is effective in removing
the known, predictable magnetic signals from the observed
data at L’Aquila.

XA =

∫
∞

o

Ixx (τ )XD (t −τ)dτ +

∫
∞

o

Ixy (τ )YD (t −τ)dτ (1)

+

∫
∞

o

Ixz(τ )ZD (t −τ)dτ

similar expressions for the other two components, which in
discrete terms becomes:

XAi =

∑
IxxjXi−j+

∑
IxyjYi−j+

∑
IxzjZi−j (2)

from which we can calculate the nine impulse functionsIkl

using linear least squares method (Swanson et al., 1997).

The full expression is:Xa (t)

Ya (t)

Za (t)

 =

 Ixx (τ ) Ixy (τ ) Ixz(τ )

Iyx (τ ) Iyy (τ ) Iyz(τ )

Izx (τ ) Izy (τ ) Izz(τ )

⊗

Xd (t)

Yd (t)

Zd (t)

 (3)

So the residual field is:

Xr (t) = Xma (t)−Xa (t)

Yr (t) = Yma (t)−Ya (t)

Zr (t) = Zma (t)−Za (t)

(4)

WhereXma , Yma andZma is the field measured at AQU.
Xd , Yd , andZd is the field measured at DUR.Xa , Ya andZa

is the field predicted at AQU.Xr , Yr andZr , are the residual
field components. We have estimated with high accuracy the
nine elements of the impulse matrixIij before the earthquake
as a mean over several months before. These functions are
considered to be invariant in time, Fig. 6 shows the resid-
ual field at L’Aquila geomagnetic Observatory located 6 km

 

 

 

 

 

 

 

 

Fig. 7 RMS representation of the residual field in the frequency band from 0.3 to 3 Hz. The 

arrows show the large magnetic signals due to mechanical vibration of the sensors during the 

main phase of the earthquake. 

 

 

 

Fig. 7. RMS representation of the residual field in the frequency
band from 0.3 to 3 Hz.

 

 

 

 

 

 

 

Fig. 8  Arrival direction of the anomalous signal. 

 

 

 

Fig. 8. The arrival direction of the anomalous signal.

away from the epicenter. The signals are emitted 10 min be-
fore the earthquake and during the event till 50 min after. The
maximum amplitude of the signals before the earthquake is
about 100–200 pT rms, in the frequency band from 0.3 Hz
to 3 Hz. In this frequency band our calculations are based
on simple diffusion of the signals through the ground. The
directions of incidence of the signals (Fig. 8) are well fo-
cused in the direction of the hypocenter. We believe that it
is unlikely that these signals may have been generated by
piezoelectric or triboelectric phenomena. Because of the het-
erogeneity of the rocks in the Earth’s crust, the quartz crys-
tals are randomly oriented, the dipole fields cancel each other
partially, so that a long-range field is not generated. Simple
consideration suggests that n aligned dipoles generate a total
dipole momentnMi , assumingMi all equal, while n ran-
domly oriented dipole generate a total dipole momentMi

√
n

(thermal approximation). Figure 11 shows the power spec-
trum of the residual field. Signals were selected before and
after the co-seismic signals in order to isolate the signals of
possible tectonic origin from the signals produced by ground
motion. From this figure it is clear that the energy of the sig-
nals is concentrated in the spectral region close to the Nyquist
frequency. We believe that this could be due to an impulsive
character in the magnetic field source signals. The observed
signal is the convolution of the source-time-functions and the
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Fig.9  Simple  model of magnetic source generating the observed signals. 

 

 

 

 

 

 

Fig. 9. Simple model of magnetic source generating the observed
signals.

 

 

 

 

 

 

 

 

 

Fig. 10 Distribution of Earthquakes  from  April 1 to  April 20,2009 around L'Aquila (Emanuele 

Cesarotti, INGV,Roma I) 

 

 

 

Fig. 10. Distribution of Earthquakes from 1 April to 20 April 2009
around L’Aquila.

Earth’s impulse response functions. The knowledge of the
Earth’s response functions is a fundamental point for these
kind of investigations.

5 Modeling of the source

In this simple model it is assumed that a magnetic dipole
should be placed at a depth of 9 km below the Earth’s surface
on the top of high conductive layer (100� ·m) and inside a
low conductive layer (500� ·m), whose relative permittiv-
ity is about 5 and relative permeability is 1. The overall size
of the underground electromagnetic source might be related
to the seismic source, which in terms of equivalent radius

of the source isre =

√
Mw

πµD
≈6 km whereMw is the seismic

moment,µ is the rigidity modulus of the rocks involved in
the earthquake andD is the average displacement along the

 

 

 

 

 

 

 

 

 

 

Fig. 11 Power spectrum of the residual field. Signals were selected before and after the co-

seismic signals    in order to isolate the  signals of possible tectonic origin from the signals 

produced by ground motion. 

 

 

Fig. 11. Power spectrum of the residual field of seimogenic origin.

seismogenic fault. The size of the source is of the same or-
der of magnitude as the distance between the source and the
measuring station. Because the wavelength of the signals in
the frequency band 0.3 Hz–3 Hz, which is related to the skin
depth, extending from 8 km to 24 km.

Irrespective of the different mechanisms of the electro-
mechanic energy conversion which could generate the ob-
served fields, the ipogeic EM source can be considered as a
complex system containing both toroidal and poloidal com-
ponents of current and fields; inside the source, the fields are
described by the well known relation:

∇ ×J T
∑

ρ = −
∂BP

∂t
∇ ×JP

∑
ρ = −

∂BT

∂t
(5)

While on the surface of the Earth, at the measurement station:

JP,T
= 0, ∇ ×BP

= 0 and ∇ ·BP
= 0 (6)

WhereJP andBP are the poloidal components of the fields,
BT andJ T are the toroidal components.J is the current
density and

∑
ρ is the integrated resistivity. Of course we

do not have any knowledge on the spatial distribution of the
source density currentJ (x,y,z,t) in the surrounding ground,
nor on the mechanism of currents generation. This simple
model is based on the measured magnetic field and on the
knowledge of the resistivity structure of the earth. The model
calculation is performed in the frequency band from 0.3 Hz to
3 Hz in which the wavelength is larger than the characteristic
size of the earthquake, so the measurements are essentially
being made of diffusive fields in the so-called “near field”
or “quasi-static”. Indeed the size of the magnetic diffusion

zone1S = Df −
1/2, which is related to the magnetic diffu-

sion coefficientD (D = (µσ)−
1
2 ≈ 105m×(s)−

1/2), is of the
order of 50–100 km, this is much larger than the hypocentral
depth. Therefore magnetic diffusion is the dominant factor.
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Fig.12 diagram of the Kp index during the L'Aquila earthquake sequences  

 

 

 

 

Fig. 12. Diagram of the Kp index during the L’Aquila earthquake
sequences.

In general the magnetic field generated by a magnetic dipole
with Mx , My andMz components is:

B
p
x =

[
3(x0Mx+y0My+z0Mz)x0

L5 −
Mx

L3

]
µ
4π

B
p
y =

[
3(x0Mx+y0My+z0Mz)y0

L5 −
My

L3

]
µ
4π

B
p
z =

[
3(x0Mx+y0My+z0Mz)z0

L5 −
Mz

L3

]
µ
4π

(7)

WhereB
p
x B

p
y B

p
z are the poloidal components of the mea-

sured field,L is the distance between the measuring station
and the hypocenter.x0, y0 andz0 are the coordinates of the
measurement station, the hypocenter is located at the ori-
gin of the coordinates. In general, the possible orientation
of the equivalent dipole vector is determined by casual cir-
cumstance, such as the medium heterogeneity in the conduc-
tivity distribution, asymmetry of the crackness development
and so on. In our case, the direction of the magnetic dipole
to produce the measured magnetic field is approximately in
the vertical direction. From simple calculation asBy ≈ 0,
Mz > Mx > My , so the direction of the total magnetic mo-
ment is approximately vertical with a small component in
the north-south direction. Therefore the possible source of
the magnetic signals observed on the earth surface should be
due to an electric current flowing around the focal volume
mainly in the horizontal plane. The horizontal component
of these electric currents is fed into the high conductive sub-
strate and partly in the fracture plane tilted about 42◦ from
the horizontal plane. Assuming that the equivalent diameter
of the source is of about 12 km, the density of this electric
current which flows around the focal area should be less than
10 mA m−2. The total magnetic moment of the dipole is of
the order of 109 Am2. The total magnetic energy observed is
of the order of 5–6 MJoule, so only few parts in a billion of
the total energy of the earthquake have turned into magnetic
energy.

Table 1. List of earthquakes from 30 March 2009 to 23 June 2009
with local magnitudes of Ml>3.9.

Time (UTC) Lat. Long. Depth Ml

23/06/2009 00:41:56.180 42.444 13.369 14.9 4.0
22/06/2009 20:58:40.270 42.445 13.354 13.8 4.6
23/04/2009 21:49:00.840 42.228 13.486 9.7 4.2
23/04/2009 15:14:08.310 42.247 13.484 10.3 4.0
18/04/2009 09:05:56.280 42.436 13.359 14.5 4.0
16/04/2009 17:49:30.180 42.535 13.291 11.5 4.1
15/04/2009 22:53:07.560 42.515 13.330 9.8 4.0
14/04/2009 20:17:27.160 42.526 13.298 10.3 4.1
14/04/2009 13:56:21.210 42.542 13.320 9.9 4.0
13/04/2009 21:14:24.470 42.498 13.377 9.0 5.0
09/04/2009 19:38:16.960 42.504 13.350 9.3 5.0
09/04/2009 13:19:33.830 42.341 13.259 9.7 4.1
09/04/2009 04:43:09.600 42.502 13.373 9.6 4.0
09/04/2009 04:32:45.050 42.445 13.434 9.8 4.2
09/04/2009 03:14:52.260 42.335 13.444 17.1 4.6
09/04/2009 00:52:59.690 42.489 13.351 11.0 5.1
08/04/2009 22:56:50.190 42.497 13.367 10.8 4.2
07/04/2009 21:34:29.770 42.364 13.365 9.6 4.3
07/04/2009 17:47:37.340 42.303 13.486 17.1 5.4
07/04/2009 09:26:28.610 42.336 13.387 9.6 4.8
06/04/2009 23:15:36.760 42.463 13.385 9.7 5.0
06/04/2009 16:38:09.730 42.363 13.339 10.0 4.1
06/04/2009 07:17:10.140 42.356 13.383 9.0 4.0
06/04/2009 03:56:45.700 42.335 13.386 9.3 4.1
06/04/2009 02:37:04.250 42.360 13.328 8.7 4.6
06/04/2009 01:42:49.970 42.300 13.429 10.5 4.2
06/04/2009 01:41:37.770 42.364 13.456 8.7 4.3
06/04/2009 01:41:32.690 42.377 13.319 8.5 4.0
06/04/2009 01:40:50.650 42.417 13.402 11.0 4.1
06/04/2009 01:36:29.190 42.352 13.346 9.7 4.7
06/04/2009 01:32:40.400 42.342 13.380 8.3 5.9
30/03/2009 13:38:38.960 42.321 13.376 9.8 4.1

6 Conclusions

The primary purpose of this work was to discriminate the ex-
tremely feeble magnetic signals originating during the earth-
quake of L’Aquila from those coming from other magnetic
sources by means of the inter-station impulse response func-
tions between L’Aquila Geomagnetic Observatory and Duro-
nia Observatory 130 km away from L’Aquila. In order to
explore the possibility to detect seismogenic magnetic sig-
nals emitted from earthquake source and avoid contamina-
tion from other sources, we limited our analysis to a well-
defined temporal and spectral window. We have shown that
in these time and frequency domains, there is a maximum
chance of detecting magnetic signals of seismogenic origin
even if their amplitude is very small, consistent with the
sensitivity of the instrumentation used. The weakest back-
ground noise level occurs between 21:00 and 03:00 UT, the
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earthquake occurred just during this time interval (01:32),
therefore during the earthquake we should have the highest
probability of measuring the seismogenic signals. (Johnston,
1997). Data analyzed from L’Aquila earthquake suggest that
the magnetic field is about an order of a magnitude smaller
than that reported in other published papers, considering the
magnitude, the hypocentral depth and distance from the mea-
suring station. During the entire duration of the earthquake,
the emissions were only observed just a few minutes before
and during the arrival of the first P seismic waves of the earth-
quake, and another burst was observed after the main phase,
which lasted about 50 min. The amplitude of the signals is of
the order of 100–200 pT. Figure 8 shows the arrival direction
of the anomalous signal calculated from the spectral mag-
netic tensor.8 is the azimuthal angle,8 = 0 indicates the
North direction. θ is the zenithal angle,θ = 0 indicates the
surface of the Earth in the South direction. This figure shows
the existence of a group of signals coming from the direction
of the epicenter that are clearly separated from signals from
other sources.

These signals observed at L’Aquila Geomagnetic Observa-
tory in association with the earthquake come predominantly
from the direction of the hypocenter-measurement station.
This estimate is based on diffusion of the signals through the
ground. The results of our analysis do not support the exis-
tence of any magnetic signals associated with the foreshocks
and aftershocks listed in Table 1 with local magnitudesMl
less than 5.3, that emerge clearly from the noise. In sum-
mary, these emissions do not give enough warning because
they are too short in time. However these results do not pre-
clude the possibility that the electromagnetic monitoring of
seismogenic areas may help to understand the physical pro-
cesses associated with earthquakes, especially those preced-
ing the seismic activity in the preparatory phase. However,
the reliability of these results is limited by the fact that the
observations come from a single measurement station. We
have no information about the spatial variation of the ob-
served anomaly.
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