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ABSTRACT

In this paper, we present a series of self-potential measurements at
Somma-Vesuvius volcanic area acquired in conjunction with an active
seismic tomography survey. The aim of our study is both to provide fur-
ther confirmation to the occurrence of seismo-electric coupling and to
identify sites suitable for self-potential signal monitoring at Somma-Vesu-
vius district. The data, which were collected along two perpendicular
dipoles, show significant changes on the natural electric field pattern.
These variations, attributable to electrokinetic processes triggered by the
artificial seismic waves, were observed after explosions occurred at a dis-
tance less than 5 km from the SP dipole arrays. In particular, we found
that the NW-SE component of the natural electric field was more sensi-
ble to the shots than the NE-SW one, and the major effects did not corre-
spond to the nearest shots. Such evidences were interpreted considering the
underground electrical properties as deduced by previous detailed resis-
tivity and self-potential surveys performed in the study area.

1. Introduction

The self-potential (SP) geophysical method con-
sists on measurement at the ground surface of anom-
alous potential drops at the ends of a passive line in
which impolarizable electrodes are grounded. Such
anomalous potentials are generated mainly by electro-
chemical, electrokinetic and thermoelectric sources
[Sill 1983]. In particular, electrokinetic phenomena are
responsible of several electrical properties of fluid-sat-
urated porous materials. Geophysical applications of
these phenomena include, for example, mapping of
subsurface fluid flow, study of hydrothermal activity of
geothermal areas, volcanic activity forecasting and
earthquake prediction [Revil et al. 1999a].

In last four decades, many theoretical and exper-
imental studies on physical mechanisms responsible
for seismo- or volcano-electromagnetic effects have
been presented [e.g., Nur 1972, Mizutani et al. 1976,

Sill 1983, Varotsos and Alexopoulos 1984a,b, Johnston
1989, Fujinawa and Takahashi 1990, Di Maio and
Patella 1991, Fujinawa and Takahashi 1992, Di Maio
and Patella 1994, Pride 1994, Patella et al. 1997, Revil
etal. 1999a,b, Uyeda et al. 2000, Garambois and Diet-
rich 2001, Garambois and Dietrich 2002, Garambois
et al. 2002, Varotsos 2005], although most authors
agree that the electrokinetic phenomenon, also called
streaming potential, is the most likely source for the
ultra-long period seismo-electric signals considered in
this paper. Such a phenomenon is substantially caused
by the electric double layer on the interface between
solid and fluid in a fluid-saturated porous rock [e.g.,
Overbeek 1952, Keller and Frisch-knecht 1966, Mizu-
tani et al. 1976, Morgan et al. 1989, Pride 1994]. The
double layer consists of ions (mostly anions in silicate
rocks) retained on the solid surface and ions of the op-
posite sign (cations) in the liquid phase loosely at-
tached to the anion layer. Thus, the free liquid in the
centre of the rock pore is in surplus of cations. The
potential difference between the solid-liquid interface
and the centre of the pore is known as the zeta-poten-
tial. When the liquid is forced through the porous
medium, as result of a pressure gradient, the water
molecules carry along with them the free positive ions
in the diffusion zone of the pore. This relative move-
ment of cations with respect to the firmly attached
anions generates an electric current and hence the so-
called streaming potential.

The most reliable physical model for interpreting
the seismo-electric effects generated by electrokinetic
phenomena is the one predicted by Onsager’s theory
of coupled flows [Onsager 1931], originally introduced
in geophysics by Nourbehecht [1963], then compre-
hensively examined by Mizutani et al. [1976], Sill [1983],
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Di Maio and Patella [1991], Pride [1994], Revil et al.
[1999a,b], Garambois and Dietrich [2001, 2002], Garam-
bois et al. [2002]. In brief, the quoted authors derive the
general equations of particle diffusion in porous media
under the action of forces related to electric potential,
pressure, temperature and concentration gradients, in
a general framework that includes the physical pa-
rameters characterizing the investigated media (i.e.,
electrical conductivity, permeability, etc). Taking into
account the properties of the media where the signal
propagates is crucial for modelling the self-potential
anomalies associated with seismic or volcano activity.
In fact, several studies [e.g., Varotsos and Lazaridou
1991, Fedorov et al. 2001] suggest that the expected
magnitude of seismo-electric signals in the DC range
from electrokinetic sources reach detectability thresh-
old only for an exceptionally favorable set of crustal pa-
rameters [Uyeda et al. 2009].

It is worth noting that the detectability of seismo-
electric effects is also strictly linked to the distance be-
tween the SP measurement station and the epicentre
of natural or artificial seismic shots. Indeed, since the
stress variation associated with the shot varies as 772,
where ris the epicentral distance, seismic events of low
magnitude (<4) could not be able to trigger electric
field variations for epicentral distances larger than a few
kilometres [Parrot et al. 1993]. The results of telluric
current investigations in seismo-active areas confirm
such a hypothesis [Myachkin et al. 1972, Rikitake 1987].
However, close to the epicentres, electric coseismic sig-
nals may exist, even if their intensity could be too low
to be detected [Parrot et al. 1993].

In this paper, we present a series of self-potential
measurements at Somma-Vesuvius volcanic area
(Campania Region, Italy) performed in conjunction
with artificial shots fired for active seismic experi-
ments in the framework of the Mt. Vesuvius seismic
tomography project [Gasparini et al. 1998]. By taking
advance of previous detailed resistivity and self-po-
tential surveys carried out in the Vesuvian area [Di
Maio et al. 1996a,b, 1997, 1998], the study is aimed at
detecting SP anomalous patterns very likely associated
to the shots, in order to provide further confirmation
to the occurrence of seismo-electric coupling and to
identify sites suitable for SP signal monitoring at
Somma-Vesuvius district.

2. Theoretical background of seismo-electric coupling
The propagation of natural or artificial seismic
waves in saturated media produces electric and elec-
tromagnetic effects due to electrokinetic processes at
the pore scale.
The seismoelectric coupling is frequency-depen-

dent and its full analytical description has been derived
by Pride [1994], who integrates the Biot’s theory [1956]
for the seismic wave propagation in a two-phase medium
with Maxwell’s equations. This analytical development
allows numerical simulations of electrokinetic coupling
phenomena in homogeneous and layered saturated
media [Haartsen and Pride 1997, Garambois and Diet-
rich 2001, Garambois and Dietrich 2002]. In the sta-
tionary case, which is considered in this paper, the
electric potential function U is given by the primary
field due to active sources and the perturbation field
due to induced charge distributions over conductivity
discontinuity surfaces [Di Maio et al. 1998]:

Uzﬁf O'rddv+f or dV} (1)

where ], ,and E are the conduction current density and
electric field vectors, respectively, o is the electric con-
ductivity and r is the distance from a generic observa-
tion point to any volume element dV of the conductive
space. Following Sill [1983], the total current, mass and
heat flows are coupled by the following equations:

Ttot = _YnVU Y Vp— Y13 VT, )
Ttot = _721VU - '}/zzvp - 723VT, (3)
am = _Y31VU Vs VP — Y33 VT: 4)

where P is the pressure, T is the temperature, v, is the
electrical conductivity, y,, describes the streaming po-
tential effect [Keller and Frischknecht 1966, Mizutani et
al. 1976] and y,, describes the Thomson’s effect [Di
Maio and Patella 1991]. The first right-hand term in
Equation (2) is the conduction electric current density
J..a» Whereas the two last terms define the convective
electrical current density J ,i.e. ], =], +J,, In ab-
sence of external current sources, the steady state vec-
tor J, . is everywhere divergence-free, which implies
ViJ..a=— VI, Therefore, using Equation (2), after a
few simple mathematical steps we definitively get:

V Joa = 1 V(32 ) VP + v, V(32 ) v |-
g (20

The first sum in square brackets shows that elec-
trical sources develop wherever at least one of the gra-

)

dients of the generalised conductivities (the y’s auto
and cross-coupling coefficients) is not perpendicular to
the gradient of the corresponding generalised primary
potential (P or T). The second sum in square bracket
shows that electrical sources generate wherever there
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are impressed sources of mass and/or heat primary
flows. By substituting Equation (5) in Equation (1), itis
possible to derive the coupled coefficients by electric
potential measurements on the ground surface.

3. Volcanological and structural setting

The Somma-Vesuvius volcanic complex is located
in the southern sector of the Campania Plain, a wide
peri-Tyrrhenian graben bordered by Mesozoic carbon-
ate platforms, variously dismembered, splitted up and
rotated by the Mio-Plio-Pleistocenic tectonics [Ippolito
etal. 1973]. Itis a strato-volcano formed by an older ed-
ifice dissected by a summit caldera, Mt. Somma, and a
recent cone, Mt. Vesuvius, which grew within the caldera
after the A.D. 79 Pompeii eruption [Santacroce 1987,
Cioni et al. 1999].

During the last 22 ka, four plinian eruptions have
occurred at Somma-Vesuvius, alternated with more fre-
quent subplinian to strombolian and effusive episodes
[Santacroce et al. 2008 and references therein]. Since the
last eruption in 1944, Mt. Vesuvius is in a quiescent
stage characterized by low level of seismicity and small
fumarolic activity.

In the last twenty years, the knowledge of Somma-
Vesuvius structural setting is strongly increased thanks
to the TomoVes [Gasparini et al. 1998] and BroadVes [De
Gori et al. 2001] research projects, respectively based on
active seismic and teleseismic experiments. Moreover, an
electro-magnetic study [Di Maio et al. 1998 and refer-
ences therein], based on self-potential, resistivity to-
mography and magnetotelluric measurements, provided
a further characterization of the shallow and deep un-
derground structures in terms of electrical parameters.
In particular, the electric surveys showed the presence of
a largely extended conductive zone down to a depth of
about 2 km b.gl, closely in correspondence to the
Somma caldera, including in the middle the top terminal
part of the Vesuvius main plumbing system, and ex-
tending towards the Tyrrhenian sea. Conversely, the
magnetotelluric soundings revealed the existence of a
conductive zone ascribable to a melting trap roughly be-
neath the central Vesuvius apparatus at a depth of nearly
7 km and cross-section of about 2x2 km?. These evi-
dences well correlate with: i) the micro-earthquake ac-
tivity, which shows hypocentres clustered around the
vertical axis through the Vesuvius cone, with focal
depths not exceeding 6 km b.s.]. [Bianco et al. 1998,
Lomax et al. 2001, Zollo et al. 2002, De Natale et al.
2006], and ii) the results of an active seismic profile
[Zollo et al. 1996, Auger et al. 2001], which indicates a
P-to S phase conversion at a depth of about 8 km, esti-
mated by a 2D ray-tracing model at the top of a low-ve-
locity zone, assumed to represent a melting zone.

Figure 1. (a) Map showing the distribution of the shot points (black
rectangles) used for the seismic tomography survey at Somma-Vesu-
vius (Naples, Italy). (b) Location of the AB and AC dipoles (green lines)
along which the natural electric field was measured. The black points
indicate the SP measurement circuits, and the red and blue lines define
the resistivity tomography profiles (see text) [Di Maio et al. 1998].

4. SP data acquisition

To provide further confirmation to the occurrence
of electric precursors of seismic events and to individ-
uate sites suitable for an electroseismic signal monitor-
ing network at Somma-Vesuvius, we monitored the SP
time variations very likely induced by the TomoVes ac-
tive seismic experiments performed in the volcanic
complex by Gasparini et al. [1998].

The natural electric field data were acquired through
two dipoles (AB and AC in Figure 1b) located on the
western sector of the Vesuvius volcano at an altitude of
about 850 m a.s.l. The dipole sites were selected con-
sidering the land shot distribution and the noise level of
the area as well as the selectivity property of the measure
station in capturing electric signals related to seismic
phenomena. The selectivity was introduced by Varot-
sos and Lazaridou [1991], and is defined as the sensitiv-
ity of a station to signals from a restricted number of
seismic areas while remaining insensitive to seismo-elec-
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tric signals from other areas which may be closer by. A
large number of empirical observations suggests that se-
lectivity depends simultaneously on: site characteristics
(e.g., geological inhomogeneities that cause different re-
sistivities along different azimuths from the station);
travel path (e.g., the physical properties, like electrical
conductivity, of the main path between the station and
the seismic area); source characteristics (e.g., the mecha-
nism at the focus of the earthquake from which the di-
rectional properties of the emitted signal might result).
The latter was obviously not taken into account in our
choice of the measurement site by virtue of the artificial
nature of the sources. Conversely, we focused on the
first two topics by basing on the results of electro-mag-
netic studies [Di Maio et al. 1996a,b, 1997, 1998] previ-
ously performed in the Mt. Somma-Vesuvius volcanic
district. Specifically, as the study of Varotsos and Lazari-
dou [1991] outlined that in a strongly inhomogeneous
area, like the Vesuvius one, a geological or physical dis-
continuity may acts as an amplifier of seismoelectric sig-
nals, we positioned our dipoles in an area characterized
by significant resistivity contrasts (see Section 6).

The dipoles AB and AC (see Figure 1b), perpendi-
cular to each other, are 500 m long and consist of
grounded copper-copper sulphate impolarizable elec-
trodes. For both dipoles, the SP data were collected using
different sampling rates, starting about one hour before
the first shot. Table 1 reports the acquisition time inter-
vals and the corresponding sampling rates for the days
in which the SP measurements were carried out. In par-

ticular, a sampling rate of 60 s (long step) was selected to
evaluate the natural polarisation trend of the site; the
sampling interval of 10 s (medium step) was deputed to
underline anomalous SP variations just before the shot;
finally, the shorter sampling step (5 s) (short step) had to
outline quick signal variations ascribable to the shot.
Figures 2-8 show the two natural electric field
components, E_and E,, observed along the AB and AC
dipoles of Figure 1, respectively. The field components
were registered with long, medium and short steps for
different time intervals before and after the shots. To
better visualize possible SP anomalous trends caused
by the shots with respect to natural background, for
each figure the field components are shown for a time
period of 60 minutes, of which 30 min before (black
symbols) and 30 min after (red symbols) the explosions.
Data are displayed with the medium time step for the
intervals 10 min before the shot and 20 min after the
shot, and with the long time step for the other inter-
vals. We note that the time periods shown in Figure 3
are shorter than 60 minutes due to accidental break-
downs of the cables during the SP data acquisition.

5. SP data analysis

Looking at the figures from 2 to 8 and the loca-
tion of the shot whose each one refers (see Figure 1),
anomalous patterns characterizing the SP signal are
only evident for data collected in conjunction with the
shots in A2 (Figure 2) and B3 (Figure 3). Conversely, a
very slight amplification of the natural polarisation

SP acquisition time intervals (hh:mm:ss)

Sampling rates

At=60s

At=10s

At=5s

18:21:00 - 20:00:00

18:50:00 - 19:20:00

18:55:00 - 19:15:00

18:01:00 - 20:30:00

19:20:00 - 19:50:00

19:25:00-19:45:00

18:01:00 - 20:00:00

20:01:00 - 21:00:00

18:50:00-19:20:00

20:20:00 - 20:45:00

18:55:00-19:15:00

20:25:00 - 20:43:00

18:01:00 - 20:00:00

20:01:00 - 21:00:00

18:50:00-19:20:00

20:20:00 - 20:50:00

18:55:00-19:15:00

20:25:00 - 20:45:00

18:01:00 - 20:00:00

20:01:00 - 21:00:00

18:50:00 -19:20:00

20:20:00 - 20:50:00

18:55:00 -19:15:00

20:25:00 - 20:45:00

18:01:00 - 20:00:00

20:01:00 - 21:00:00

18:50:00 - 19:20:00

20:20:00 - 20:50:00

18:55:00-19:15:00

20:25:00 - 20:45:00

Day Shots Shot times
(hh:mm:ss)
Ist B1(770 kg) 19:00:00
2nd D3(204 kg) 19:30:01
D2(264 kg) 19:00:00
3rd
D1(800 kg) 2030:00
C2(552 kg) 19:00:01
4th
C1(756 kg) 20:30:01
A3 (510 kg) 19:00:00
5th
A2( 482 kg) 20:30:00
B2(250 kg) 19:00:01
6th
B3(504 kg) 20:30:01
C3(384 kg) 19:00:01
7th
C4 (496 kg) 20:30:02

18:01:00 - 20:00:00

20:01:00 - 21:00:00

18:50:00 - 19:20:00

20:20:00 - 20:50:00

18:55:00 - 19:15:00

20:25:00 20:45:00

Table 1. Sampling time intervals used for the SP data acquisition along the dipoles AB and AC of Figure 1. Date, time and dynamite charge
of the shots are also reported.
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nent before the shot.

trend may be recognized soon afterwards the shots lo-
cated in C4 e D3 (Figures 4 and 5, respectively), which
are very close to the SP station sites (in any case at dis-
tances less than 5 km) and aligned along an approxi-
mately NW-SE direction.

In detail, the most significant anomalous behav-
iour of the natural electric field is outlined in Figure 2
for the shot point A2, which is located about 3.75 km
north of the sensor A. Indeed, immediately after the
shot, we observe a prominent displacement from the
natural polarization trend, which is well evident for
both the field components at all sampling frequencies.

A similar anomalous behaviour is shown in Figure
3, where the E_ values recorded after the shot in B3,
show an increase in amplitude that lasts about 4 min.
Due to lack of data acquisition along the E, component
caused, as previously mentioned, by accidental break-
down of the cable, the representation of this compo-
nent is possible only for few minutes before and after
the shot. In this case, clear changes are not observed,
even if a small amplification of the signal seems to char-
acterize the signal few minutes after the shot, as occurs
for the behaviour of the E, component registered after

the shots in C4 and D3 (see discussion below).
Although the shot points C4 and D3 (located about
1.5 km south-west and 2.5 km west, respectively, of the
electrode A) are closer than B3 to the SP station sites,
no clear anomalous trends can be observed in the col-
lected SP time series (see Figure 4a,b and Figure 5a,b).
The lack of clear evidences could be ascribed to the sig-
nificant dispersion of the natural background as well as
to the physical properties of the volumes involved by
the seismic ray paths. However, to try to highlight pos-
sible seismo-electric effects, we have calculated the Fast
Fourier Transform (FFT) of the electric field compo-
nents registered 5 min before and 5 min after the shots
C4 and D3. For example, Figures 4c and 5c¢ show the
time series of the E, component acquired with the
short time step (5s), and Figures 4d and 5d report the
corresponding FFT. As shown in these last figures, the
component at zero frequency of the time series ob-
served 5 min after the shots (i.e., the mean value of the
signal) is larger than the one observed before the shots.
Moreover, as pointed out by the arrows in Figure 4d,
an increase is observed in the amplitude of the signal
oscillations after the shot C4 with periods T, = 1 min
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Figure 4. Natural electric field components, E, and E, (in mV/m), observed along the AB and AC dipoles and related to the shot in C4, are
shown respectively in (a) and (b). (c) Time series of the E, component registered with the short step (5s) 5 min before and 5 min after the
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Figure 5. Natural electric field components, E, and E, (in mV/m), observed along the AB and AC dipoles and related to the shot in D3, are
shown respectively in (a) and (b). (c) Time series of the E, component registered with the short step (5s) 5 min before and 5 min after the
shot. Black symbols are used for data measured before the shot, while red symbols are used for data registered after the shot. The zero time
of both the black and red scales corresponds to the shot time. The black continuous line represents the average value of the field compo-
nent before the shot. (d) FFT of the signal shown in (c).
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Figure 6. Natural electric field components, E, and E , (in mV/m), observed along the AB and AC dipoles, respectively, related to the shot in
A3. Black symbols are used for data measured 30 min before the shot, while red symbols are used for data registered 30 min after the shot.
The zero time of both the black and red scales corresponds to the shot time. The black continuous line represents the average value of the

field component before the shot.
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Figure 7. Natural electric field components, E, and Ey (in mV/m), observed along the AB and AC dipoles, respectively, related to the shot in
C3. Black symbols are used for data measured 30 min before the shot, while red symbols are used for data registered 30 min after the shot.
The zero time of both the black and red scales corresponds to the shot time. The black continuous line represents the average value of the

field component before the shot.

and T, = 2.5 min. A similar increase in the amplitude
of the FFT is found for the E, component after the shot
in D3 with periods T| = 1 min and T, = 5 min (see Fig-
ure 5d). Such features could be indicative of possible
seismo-electric effects of small scale, due to the physi-
cal properties of the involved volumes and the site-spe-
cific characteristics of the shot points (see Figure 10).

As concerns the shot points A3 and C3, no appre-
ciable changes are observed in the field components
recorded after the shots, as shown in Figures 6 and 7,
respectively. We notice that A3 is nearly symmetric to
the shot point A2 with respect to the SP station sites,
and, thus, the lack of a significative anomalous electric
effect, as the one registered after the shot in A2, can be
attributed to different physical characteristics of the vol-
ume affected by the seismic ray-paths related to the
shot A3 (see also Figure 10).

Furthermore, no evident variations are observed
in the field components recorded after the shots in B2,
B1, C1, C2, D1 and D2 that are far from SP station sites
much more than 5 km. For example, we show in Figure
8 the time series related to the shots in B2 and D1.

Finally, if we look at the Figure 9, which displays
the electric polarization vectors related to the SP regis-
trations, it is quite clearly that the shots in B3 and A2 are
very likely responsible for the changes in the polarisa-
tion vector amplitudes (see Figure 9e,f), and possibly
the same occurs (but to a lesser extent) for the shots D3
and C4 (see Figure 9b,g).

6. SP data interpretation

The SP data analysis discussed in the previous sec-
tion has outlined that only the seismic explosions lo-
cated to a distance not greater than 5 km from our SP
measuring dipoles have induced anomalous variations
on the natural electric field of the selected area. Such a
small distance, ascribable to the low magnitude of the
seismic events caused by the explosions (see the explo-
sive amounts in Table 1), seems compatible with the
distances to which electric signals are observed [Parrot
etal. 1993].

However, many anomalous features observed on
the natural electric field pattern, which we have tenta-
tively ascribed to electric effects induced by the artificial
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Figure 8. Natural electric field components, E,_and E, (in mV/m), observed along the AB and AC dipoles, respectively, related to the shots
in B2 and D1. Black symbols are used for data measured 30 min before the shot, while red symbols are used for data registered after the shot.
The zero time of both the black and red scales corresponds to the shot time. The black continuous line represents the average value of the

field component before the shot.

seismic sources, do not appear of immediate interpre-
tation. In particular, i) almost all the data sets shown in
the Figures 2-8 outline an E, component more sensible
to the seismic signals than the E, component; ii) the
anomaly observed after the shot A2 is much more
prominent than those observed after the shots located
very close to the measuring arrays (i.e., D3, C4 and B3);
iii) the explosion in A3, sited symmetrically to the shot
point A2 with respect our station site, has not caused
significative effects on the pattern of the natural electric
field components.

These apparently anomalous features could be jus-
tified if we refer to the selectivity property of the meas-
uring site [Varotsos and Lazaridou 1991], i.e. its
sensitivity to capture electric signals induced by seismic
phenomena coming from areas not necessarily located
near the measuring station. As the selectivity effect
mainly depends on the geological and physical charac-
teristics of the measurement site as well as on the phys-
ical properties of the seismic wave travel path, we
interpret the SP anomalies observed immediately after
the shots by taking into account the electric outline of
the Mt. Somma-Vesuvius structural setting as deduced
by our previous geoelectrical studies in the Vesuvian
area [Di Maio et al. 1996a,b, 1997, 1998] that, for reader
convenience, are shown below. Specifically, we will refer
to results of a SP survey performed in an area of about

170 km? and of two resistivity tomographies carried out
along two nearly perpendicular profiles (see Figure 1b).

Figure 10 shows the SP anomaly map and the 3D
tomographic inversion of the SP data (i.e. the under-
ground electric charge distributions very likely respon-
sible of the observed anomalies), while the Figure 11
illustrates the 2D tomographic inversion of the appar-
ent resistivity data acquired along the approximately N-
S and W-E profiles of Figure 1b. For further details
about measuring system, survey technique and data
processing, the reader is referred to the above men-
tioned papers. Looking at the Figures 10 and 11, strong
inhomogeneties of both geological and physical char-
acteristics of the investigated buried volumes are well
evident. In particular, the main negative and positive
charge accumulation areas, extending from the ground
surface down to a depth of about 2 km b.s.l., well de-
scribe the Mt. Somma caldera rim and the central Vesu-
vius chimney. Such structural lineaments strictly
correlate with the roughly horizontal alternation of re-
sistive and conductive bodies shown in Figure 11. In-
deed, the highly resistive deep bodies well define the
Somma caldera rims, while the inner conductive body
closely corresponds to the summit of the Vesuvius cen-
tral edifice. Following Di Maio et al. [1998], the north-
ern highly resistive body may be ascribed to a slowly
cooled compact magmatic dike, while the low resistiv-
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ities that characterise the Vesuvius central plumbing
system may be correlated to the presence of highly con-
ductive fluids and/or pores occluded by hydrothermal
alteration particles. Finally, the southern discontinuous
resistive block may be ascribed to a thick sequence com-
posed of ancient submarine lavas, locally intercalated
with clayey and muddy beds, and to the underlying car-
bonate basement, according to the stratigraphy of the
Trecase-1 geothermal well [Balducci et al. 1985].

At the light of the above-described electrical char-
acterization of the surveyed volcanic complex, we in-
terpret the anomalous electric signals observed right
after the artificial shots as follows: the greater sensitiv-
ity to electroseismic signals of the E, component with
respect to the E, component of the natural electric field
could be justified by the presence of the northern
highly resistive structure (i.e., the supposed lava dyke),
nearly located beneath the AC measuring dipole, and
of the resistivity low in the central Vesuvius edifice (see
Figure 11). In fact, as experienced by Varotsos and
Lazaridou [1991], the contact between two media char-
acterised by different resistvity values induces on the
electric field component perpendicular to the contact
a discontinuity which depends on the ratio of the re-
sistivities of the two media. Therefore, appreciable SP
variations are mainly observed on the E, component,
since the AC dipole extends along a structural disconti-
nuity characterized by high-resistivity contrast, while
the AB dipole is located in the central part of the vol-
canic apparatus distinguished by weak contrasts.

In the area under investigation, this local charac-
teristic of the selectivity effect certainly superimposes
onto the large-scale characteristics due to the above
mentioned physical and structural inhomogeneities.
Such a consideration may well explain the lack of sig-
nificant seismoelectric signals induced by shot points
located very near to our measuring dipoles. Indeed,
considering the artificial seismic shot distribution of
Figure 1, is reasonable to assume that the seismic waves
generated by the shots in D3 and C4 have crossed the
strongly fractured and altered central plumbing system
outlined by the geoelectrical survey. Such a high con-
ductivity structure may have caused a significant loss of
the seismic wave energy not allowing the triggering of
electrokinetic processes responsible of seismoelectric
effects (see Section 1). The shot B3, even if is not far

Figure 10. Results of the self-potential survey performed in the Mt.
Somma-Vesuvius area along the circuits shown in Figure 1b. (a) SP
anomaly map, redrawn after Di Maio et al. [1998]. (b) Volumetric view
of the 3D inversion of the SP data shown in (a). The volume data are
reported with a clipping plane that allows to visualize a section par-
allel to the SP survey area of Figure 1b at a depth of about 150 m above
sea level. The black rectangles indicate the location of the shot points.
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Figure 9. Electric polarization vectors related to the field compo-
nents, E, and Ey (in mV/m), observed before and after the shots in

Figure 1.

-1500  -1000

-500

Self-Potential values (mV)

0

electric charge occurrence values

min

0

max




DI MAIO ET AL.

distance (m)
12000

elevation {m)

28 38 48
resistivity (chmm)

Figure 11. Intersection of the 2D resistivity tomographies carried
out along the approximately N-S and W-E profiles of Figure 1b.

from D3 and C4, is closer to a charge accumulation
zone extending in the NW direction and this could ex-
plain the evidence of a more evident anomalous trend
in the E, field component. On the contrary, the shot
points in C3 and A3, respectively sited in the eastern
and southern sectors of the volcanic apparatus, are lo-
cated in regions of charge deficiency, which may ex-
plain a significant reduction of seismoelectric signals.

Finally, we notice that the time span of the SP
anomalies observed after the shots is comparable with
that observed for the seismoelectric precursor signals.
Such evidences bring us to hypothesise that electrofil-
tration processes or, equivalently, electrokinetic effects
(see Section 1) could justify the natural electric field
variations induced by the artificial seismic sources at
Mt. Somma-Vesuvius. The presence in some sectors of
the study-area of a large amount of fluids, which are
most probably highly mineralized, constitutes an effec-
tive support to our hypotheses.

7. Conclusions

A large number of both theoretical and experi-
mental studies has outlined anomalous electric signals
preceding earthquakes. Thus, variations on the natural
electric field pattern present as good candidates both
for monitoring fracturing mechanisms precursor of
earthquakes and for testing numerical modelling of
magma propagation based on stress-induced fracturing
mechanisms [Eichelberger 1995, Scandone et al. 2007,
Piegari et al. 2008, Piegari et al. 2011].

The results of this study, although referred to arti-
ficial seismic sources and, therefore, related to the oc-
currence of co-seismic electric signals, provide further
evidence that their origin is linked to electrokinetic
processes that generate in fluid-saturated porous rocks.
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In particular, our study outlined a higher sensibility of
the vertical electric field component with respect to the
horizontal component. Furthermore, it was observed
that the most striking effects were not induced by the
proximity to the shots, but rather by the presence of
both deep largely extended high resistivity bodies and
contrasts in the physical properties of the buried struc-
tures. The interpretation of these apparent anomalous
features, which was based on the electric characteris-
tics of the volumes affected by the seismic tomography
survey, seems to confirm that the occurrence of seis-
moelectric signals depends both on site geostructural
characteristics and on seismic wave travel path, i.e. the
selectivity property of the station site [Varotsos and
Lazaridou 1991].

Concluding, the knowledge of the electric setting
of seismically active areas is fundamental to planning an
electroseismic signal monitoring network, as signals
emitted from certain seismic areas cannot be felt by
some stations in the network, independently of the
earthquake magnitude and epicentral distances, in virtue
of the geostructural and physical properties of the vol-
umes involved in the related seismic phenomena.
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