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Abstract. A magnetotelluric monitoring station has been sory signs of incoming strong earthquakes have been de-
installed in the Val d’Agri area (southern Italy), to investi- scribed by Hayakawa et al. (2000), and possible preseis-
gate the physics underlying the generation mechanisms aofic geoelectrical changes have been reported by Uyeda et
the electrokinetic effect, due to rapid pore pressure changeal. (2000). Significant resistivity variations have been ob-
and fluid flows near the focal area of incoming earthquakesserved prior to fault rupture (Park et al., 1993). Researchers
It is well known that the magnetotelluric method reveals from Standford University, California, have installed two
variations in electrical resistivity within the Earth at large electromagnetic (EM) monitoring systems to search possible
depths, reaching within appropriate frequency bands theprecursory or co-seismic EM signals associated with large
Earth’s mantle. Depth sounding is performed by measuringaftershock near the epicenter of the 16 October 1999 Hec-
the ratio between the mutually perpendicular horizontal elector Mine earthquake (Karakelian et al., 2002). The analysis
tric and magnetic fields at the earth’s surface, furnishing thecarried out by Hayakawa et al. (1996) evidenced anomalous
apparent resistivity, which describes the electrical propertiesJLF emissions observed few days before the 8 August Guam
of subsoil as function of depth. earthquake (Ms=8.1).

The selected site of Val d’Agri has been struck by strong Variations of magnetic and electric field could be the end-
seismic events in past and recent years, this suggesting th&roduct of rapid pore pressure changes and fluid flow follow-
investigation of possible changes in apparent resistivity coring rupture within the fault zones. Several mechanisms to ex-
related with the local tectonic activity. plain the generation of electromagnetic anomalous changes

We analyzed the stability of the measurement of apparhave been proposed. Fenoglio et al. (1995) studying the
ent resistivity and phase of the impedance terfs@s) dur- Loma Prieta earthquake (17 October 1987, ML=7.1) invoked
ing time. Our findings suggest that the measure of apparentlectrokinetic effects to justify the strong magnetic field gen-
resistivity during night-time is more stable. Therefore, we erated at surface. Merzer and Kemplerer (1997) proposed a
identified the characteristic apparent resistivity curve of themechanism for generation of electromagnetic signals which
subsoil of the Val d’Agri site, which could be considered as depend on induced electric currents flowing in a fault zone:
a reference. the increase of the conductivity in the focal area is due to
a precursory reorganisation of the geometry of fluid filled
porosity in the fault-zone porosity (dilatant-conductivity ef-
fect). A model for the generation of the electric current in
rocks under stress, involving the strain rate, has been pro-
posed by Tzanis and Vallianatos (2002). On the basis of the

Co-seismic and pre-seismic anomalous variations in geoI borat . s th lculated the def i ¢
physical parameters have been observed and documente@>Oratory experiments they calculated the detormation rate

Changes in electric, magnetic and electro-magnetic ﬁeldgéce.ssary to genera}te an electric §igpa|, simulating the prop-
correlated with seismic activity have been reported in USSRagann of the electrllc anq magnetic f'eld?' ]

(Kopytenko et al., 1993), Greece (Varotsos et al., 1993: In our study we investigate the Val d’Agri area (south—
Nomikos et al., 1997), China (Zhao et al., 1997), Japant™ Italy), which was struck by a strong earthquake in 1857,
(Molchanov et al., 1998; Nagao et al., 2000), and USA M=7.0 (Mallet, 1862). The location of the master-fault re-

(Mueller and Johnston, 1998); ULF electromagnetic Iorecur_sponsible for the 1857 earthquake is a much-discussed ques-
tion (Benedetti et al., 1998; Pantosti and Valensise, 2001),

Correspondence td.. Telesca although evidences, based on focal plane solutions, suggest
(telesca@imaa.cnr.it) a north-eastward dipping fault along the Agri Valley (Cucci
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Fig. 1. Configuration of electrical dipoles and magnetic sensors
(A.U., Acquisition Unit).
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To this scope, we installed in this area a magnetotelluric o _
station, which continuously measure electromagnetic field. Fig- 2. Apparent resistivity and phase curves recorded during a day
The aim of the paper is the stability analysis of the appar-(@) and night-time periogb).
ent resistivity estimation, and the identification of the char-

acteristic apparent resistivity curve for the investigated site. ) _
As a simple linear system, the transfer functio@) acts

as a filter, while the magnetic and electric fields represent the
2 Signal detection input and output, respectively.
] ) . . In noise-free conditions the transfer function should be
A classical MT sounding consists of simultaneous measuregonstant. Therefore it is necessary to perform a continuous
ments of electric and magnetic fields to obtain, by means the,T monitoring, to control the resistivity variations, and thus
impedance tensor, the apparent resistivity. the impedance variations.
The relationship between electric and magnetic fields as 1he MT continuous monitoring station used for this study
a fungtion of frequency is given by the following tensorial (Fig. 1) is provided with a receiver MT24LF, two induction
equation (Kaufman and Keller, 1981): coils (BF4-EMI Inc.) to measure the N-$i(), E-W (H,)
E, (w) Zix (@) Zyy () | | Hy (@) (1) f:omponents of the magnetic field'and. two electric .dipoles
E, (0) Zyx (@) Zyy (w) || Hy (@) |’ in the 40 N (E,) and 140N (E,) directions, respectively,
wherea is the angular frequencyE, and H, represent the 60 m and 80 m long to measure the electric field (Balasco et

electric and magnetic fields in NS directiofi, and H, the al., 20(_)4)' ) )

electric and magnetic fields in EW direction. Obviously noise affects the measurements of the electric
The apparent resistivityo) and phased) of the ground and magnetic fields, thus introducing uncertainties in the es-

are defined by the following equations: timation of the impedance tensor. This represents a key point

in the general framework of the investigation of correlations
between fluctuations in apparent resistivity and seismic ac-
tivity. Thus, we selected the investigated area, because it is
relatively noise-free, being far by railways, highway, power
)/Re(zij)] ’ @ lines etc)f ° ’ Y : ’P
where g is the permeability of the vacuuni(Z;;) and In order to really measure earthquake-induced resistivity
Re(Z;;) are the imaginary and real parts Bf; with i, j=x variations it is necessary to apply robust statistical techniques
ory. able to define the stability of the impedance tensor in absence

2

‘(@) = —— |2 @)
Pij B Ko Y

1
bij = 101 [Im(zij
T
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Fig. 3. Standard errors related to each subset for all periogg,in  Fig. 4. Standard errors related to each subset for all periogg,in
componenta) andpy, componentb). componenta) andgy, componentb).

of significant variations in subsoil. And, of course, the e.m. ingicate thexy apparent resistivity component whereas the
noise represents the main problem, because it acts as an agds gpparent resistivity component is denoted by the symbol
ditional field that affects the estimates &f particularly in (), These curves and the error bars have been obtained using
our case in which there is only a single station measuremenihe Transfer Function Estimation Program (tranmt-EMTF),
(Eisel and Egbert, 2001). a robust algorithm described in Egbert and Booker (1986).
Our aim is to discriminate an appropriate estimation of theComparing Figs. 2a and 2b we can observe that the best re-
Z that can be adopted satisfying a good signal-to-noise ratiosyits are obtained considering only the subsets recorded dur-
ing night-time, in which the resistivity curves are less biased
_ downward than those calculated for day-time and the phases
3 Data analysis are stable also at the longest period.
The data set analyzed is from 7 to 29 July 2003. The fre- Fql!owmg Egbert and Els.el'(.2001), to study the temporal
stability of the apparent resistivity, we calculated the median

quency of data recording was setto 6.25Hz. The cont|nuou§/alue () for each subsets over the frequency range. Fig-

g::;iséfamme\:]\l?zjﬁggNcl)i?j?nlnttcz)ssgg:ﬁngio;:; ;Z?nsi?nazlfare 3a shows the deviation of the apparent resistivity of each
9 P g %ubset from the median normalized by the median (value ex-

tlon. In order to study the influence of possible anthroplcal' ressed in percentage) defined by means of the following
noise on the measurements, we analyzed separately the s@-

nal measured during day-time and night-time. In Fig. 2 we quations:

can observe the curves of apparent resistivify (pper) and

phases ¢, down) computed during day-time (Fig. 2a) and Apes — (Pxy = Pay) Ay — (Pyx = Pyx) 5
night-time (Fig. 2b) of one subset. With the symligo), we Pry = ——————5 Apyy=——"—"". (3)

Pxy Pyx
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Fig. 5. Imaginary part of theZ,, (a) andZy, (b) and real part of th&Z,, (c) andZy, (d) computed from the median and the mean values
of all and 44 selected subsets.

The phase deviation¢xy=¢xy—$xy andAgy =¢y —EWC, Considering only the 44 selected subsets we obtain an im-
in degrees, are shown in Fig. 4. As discussed in Egbert angrovement of theZ stability more evident in imaginary part
Eisel (2001), we can comparep andAp to identify regions  of Z (Fig. 5a, and 5b).
more affected by noise. From Figs. 3 and 4 we can assert Goldstein and Strangway (1975) discussed about the use
that only thexy component is particularly affected by noise, of a controlled source in magnetotelluric method. For mea-
more evident at high frequencies and especially in the phasesurements carried out near the source (inside three skin
To better investigate the character of the noisgjrcom-  depths), the resistivities obtained are in disagreement with
ponent, we estimated the mean and median of the real anthe true values. The presence of a near and intermittent field
imaginary parts of theZ tensor. If the errors in thg€ esti-  source causes an increase of real part respect to imaginary
mate are gaussianly distributed, the errors in real and imagipart of the impedance, which corresponds to a tendency to
nary parts should be equally distributed. From a comparisorzero of the phase. Figure 6 displays the median of the phase
of all the subsets, we selected those with higher S/N ratidor all the subsets; it is visible a decrease of the phase at long
(44 subsets). We found that the mean and the median amonggeriods.
the selected subsets of the real and imaginary part o#the  Therefore, we can assert that in the Val d’Agri area an
tensor are almost identical (Fig. 5). This means that the asintermittent noise source, added to natural electromagnetic
sumption of independent and identically distributed Gaussiarfield, is probably present. This noise affects the measure-
errors is satisfied and the least square-based estimate of timeents particularly during day-time, and it modifies consider-
impedance tensor is then justified. ably only thexy component, allowing to suppose that noise
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Fig. 6. Phase curves computed from the median of all subsets.  Fig. 8. Skewness versus period for the Agri Valley site.

10 10
® rhoyx
rhoxy
s woH M %
s s
H .

= v * Ty
= ® | i
«E1D Xx xvx 10 ““““‘ .
S % T + + 3
s . c e +
= - s ot +
B % — + +
2 w +*
= = (=] 1
= 10 E E 10 E
=
o
o
=T

1’ - 1’ -

11l 1 I Lol I I TR | I I ||||||: | 1 1 L1l 1 1 I A | 1 1 PR R
100 10’ 10° 10° 1’ 10’ 10° 10°
period [5] period [5]

Fig. 7. Apparent resistivity curves computed from the median val- Fig. 9. Determinant ofZ versus period for the Agri Valley site.
ues for night-time subsets.

source is polarized in this direction. We can conclude that,depth and one horizontal direction, but the conductivity is
even without a remote station, we are able to characterizeonstant in the other direction. For an appropriate selection
the noise in our site and to define the characteristic apparef the reference axes (in the 2-D strike coordinate system)
ent resistivity curve of the Val d’Agri site. Figure 7 shows the diagonal elements & vanish. In a general 3-D case,
the apparent resistivity curves computed from the median ofall elements of th& are used to describe the deviation of the
the night-time subsets. In particular we consider primarily, conductivity distribution from the exact 2-D case. In this case
at this stage, thex component because it reveals a major we obtain an improvement in understanding the experimental
stability and allows us to evaluate, in the future, if signifi- magnetotelluric data (Bahr, 1991).
cant apparent resistivity changes could be connected to local An non-dimensional rotational invariant parameter which
seismic activity. measures the departure from an ideal 2-D model is the skew-
The geological structure of the Agri Valley is very com- ness given by Swift (1967):
plex as shown by a lot of publications about it (Cello et al.,
2000; Rizzo et al., 2002). |Z2x + Zyy|
The near-surface conductivity heterogeneities can distorf ~ |ny — Zyx|.
the interpretation of the MT data. The traditional approach
to this difficulty (Swift, 1967) is to assume a simplified 2- Figure 8 shows the skewness parameter versus period for
D conductivity model for which the conductivity varies with our investigated site. At longest periods the conductivity

(4)
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