
Natural Hazards and Earth System Sciences, 5, 667–671, 2005
SRef-ID: 1684-9981/nhess/2005-5-667
European Geosciences Union
© 2005 Author(s). This work is licensed
under a Creative Commons License.

Natural Hazards
and Earth

System Sciences

Vertical dipoles to detect self potential signals in a seismic area of
southern Italy: Tito station

G. Colangelo1,2, V. Lapenna2, and L. Telesca2
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Abstract. Since 2000 the Institute of Methodologies for
the Environmental Analysis (National Council of Research,
Tito, Italy) installed a geophysical monitoring network able
to detect geoelectric, geochemic and seismometric parame-
ters in seismic areas of southern Italy. During this period
a very large data-base of geophysical time series has been
organized and it is actually available to assess robust statis-
tical methodologies to identify geophysical anomalous pat-
terns linked with local seismicity. To better understand the
influence of rain and cultural noise on geoelectrical signals
(Self Potential), during May 2004 we drilled in Tito station a
20 m-depth hole to measure the SP vertical component. The
array is characterized by five Pb-PbCl2 electrodes put at dif-
ferent depths. The common electrode is fixed at 20 m. In this
work we present some electrical anomalies probably corre-
lated with local seismic activity on vertical dipoles recorded
in Tito station.

1 Introduction

The analysis of geophysical signals and robust satellite tech-
niques for remote sensing of seismically active areas (Zhao et
al., 1994; Park, 1997, Martinelli et al., 1997; Di Bello et al.,
1998; Hayakawa et al., 2000; Tramutoli et al., 2001) can give
important information about the relation between the state of
stress and strain in a seismic active area. Earthquake precur-
sory phenomena of geoelectric nature have been repeatedly
reported. In particular, transient variation of the earth electric
field have been observed prior to seismic activities (Johnston,
1997).

In this work we will focus our attention on the self poten-
tial (SP) signals which represents the measure of the poten-
tial voltage difference between two points on earth surface
due to the presence of an electric field produced by natural
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sources distributed in the subsoil (Sharma, 1997 and refer-
ences therein).

The SP method has found large application in geother-
mal, environmental, and engineering applications to locate
and delineate sources associated with movement of fluids
and groundwater (Ogilvy et al., 1969; Corwin and Hoover,
1979; Sharma, 1997 and references therein). Furthermore
other significant applications can be found in the geophysical
survey of volcanic and tectonic areas (Di Maio and Patella,
1991; Lapenna et al., 1994; Di Maio et al., 1997). The ori-
gin of self-potential in the subsurface is caused by a wide
range of processes which are not well understood at this
time. However the principal types of source mechanism are
the electrofiltration potential, the thermoelectric potential,
the electrochemical and mineralization potential (Sharma,
1997).

In near surface geophysics the most relevant phenomenon
which could originate the self-potential anomalous field is
known as electrofiltration or streaming potential. It refers to
the electrical signals produced when a fluid flows in a porous
rock as a consequence of a pore pressure gradient. The phe-
nomenon is generated by the formation in the porous ducts of
a double electrical layer between the bounds of the solid, that
absorb electrolyte’s anions, and cations distributed in one dif-
fused layer, near the boards. When the fluid, subordinate to
pressure gradient, flows, it transports a part of the cations,
giving on one side an excess of positive charges. Then, it de-
velops an electric field induced along the length of the duct
and the associated streaming potential, that it is generated to
the duct’s ends.

In this research field, the greatest problem is the sporadic
monitoring activities in time and space. A very weak point is
also the current approach to time series analysis that makes
no use of robust statistical methods to discriminate extreme
events from random noise. Further, the lack of objective cri-
teria to assess the precursory character of the geophysical
anomalous signals makes the short-term predictions based
on them poorly reliable (Cuomo et al., 2000). Altogether
these shortages concur to explain the low scientific consensus
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Fig. 1: Southern Apennine seismicity: 1991-2001. The investigated is characterized by a rather high 
seismic activity, with earthquake magnitudes not larger than 5. 
Fig. 2: Geophisical Monitoring Network: remote stations. The network covers a rather wide area in 
southern Italy. Our analysis has been performed on the geoelectrical data recorded at station Tito. 
Fig. 3: Dipoles scheme of Tito station: 4 no-polarizable electrodes are put into the ground 1 meter 
depth; with mutual distance of 120 m along NS direction and 100 m along EW direction. 5 no-
polarizable electrodes are installed with a mutual spacing of 5m along the well. The common 
electrode is fixed at 20m. 
Fig. 4: No-polarizable electrode: Pb-PbCl2. 
Fig. 5: Holes for the acquisition of SP and seismic signals.  
Fig. 6: Record examples of SP signals: a) horizontal dipoles - b) vertical dipoles. It is observable 
that the signal variability for the horizontal dipoles is larger than that for the vertical dipoles. 
Fig. 7: SP signals during July 22, 2004. An earthquake of magnitude 3.2 occurred just few hours 
later the occurrence of anomaly in both  the SP signals: a) horizontal dipole – b) vertical dipole 
Fig. 8: Rain events occurred in july 2004. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Fig. 1. Southern Apennine seismicity: 1991–2001. The investi-
gated is characterized by a rather high seismic activity, with earth-
quake magnitudes not larger than 5.

placed so far on the claimed correlation between the observed
geophysical anomalies and the occurrence of earthquakes.

Taking into account these considerations, in this paper we
present some examples of self-potential time series anoma-
lies coming from a new geophysical monitoring network in-
stalled in a seismic active area of the Southern Apennine
chain (Balasco et al., 2001). The aim of this monitoring net-
work is to investigate the possible correlation between elec-
trical anomalous patterns and local seismicity.

2 Seismological setting

The southern Apennines are an Adriatic-verging chain, built
up from early Miocene to Pleistocene. It is mainly composed
of sedimentary cover of platform and deep water environ-
ments, scraped off from the former Mesozoic Ligurian ocean,
from the western passive margin of the Adriatic plate and
from the Neogene-Pleistocene foredeep deposits of the active
margin (Monaco and Tortorici, 1995; Schiattarella, 1998; Gi-
ano et al., 1999). Thrusting in the frontal eastern part of the
accretionary wedge is followed by back-arc extension in the
rear to the west. One of the evidence of active extension
along the Apennines axis is widely documented in the field
(e.g. Val dAgri, Vallo di Diano, etc.) and by seismicity (e.g.
the 1980 Irpinia earthquake).

The architecture and the large-scale kinematics of the
southern Apennines (Fig. 1) constructed a depth-extrapolated
cross-section through the whole chain, from the Tyrrhenian
Sea to the Adriatic (Apulian) foreland. Several tectonic units
have been distinguished in the cross-section, moving from
West to East, and from the top to the bottom of the chain. The
Apulian cabonate platform has been incorporated by under-
plating at the base of the accretionary wedge. Restoration of
the cross-section gave about 50% of shortening (correspond-
ing to about 100 km), not including the displacement related
to the basal thrust of the Apenninic units on the Apulian plat-
form. Shortening could be at least twice considering that the
deformed “Apulian” units should be present at the base of
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Fig. 2. Geophisical Monitoring Network: remote stations. The net-
work covers a rather wide area in southern Italy. Our analysis has
been performed on the geoelectrical data recorded at station Tito.

the whole accretionary wedge. Due to the time span esti-
mated for the Apenninic orogeny (about 20 Ma), a very high
shortening rate may be calculated (1 cm/y).

From the seismological point of view, the Campano-
Lucano sector of the Southern Apennines chain is one of the
most active areas of the Mediterranean region. In particular,
this area is characterised by a probability>60% to gener-
ate at least one earthquake withM>3.5 in a time span of
3 years (Martinelli and Albarello, 1997). In this region in
February 1826, an earthquake, reaching up to VIII degree on
the MCS scale (Alessio et al., 1995), hit the village of Tito
where is located our prototype station. One of the most his-
torically relevant events, the 16 December 1857 (I=XI MCS)
normal-faulting earthquake (Mallet, 1862), occurred close to
Marsico Nuovo village in Val d’Agri. On 23 November 1980
(Ms=6.9), a large normal-faulting earthquake occurred in the
nearby Irpinia area. Seismic activity occurred after the 1980
event consisted of medium intensity events (M<5.5) located
close to the border between Campania and Basilicata regions
(Alessio et al., 1995).

The 5 May 1990 (MD=5.0, ING-National Institute of Geo-
physics) and the 26 May 1991 (MD=4.7) earthquakes took
place to the north of Potenza town (Tertulliani et al., 1992).
These events have been generated by a strike-slip fault sys-
tem with WE direction, perpendicularly oriented toward the
Apennine chain (Ekström, 1994), located in such a way to
limit toward north and south two great seismogenetic faults
that caused the 1857 Val d’Agri and 1980 Irpinia earthquakes
respectively. These geological and seismological features,
combined with a very low level of cultural noise, allow us
to consider the selected area as an ideal outdoor laboratory
to study the possible correlations between tectonic activity
and anomalous patterns in SP signals. Since the area is also
characterized by seismic quiescence periods, in principle, it
is possible to test alarms and false alarms.
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Fig. 3. Dipoles scheme of Tito station: 4 no-polarizable electrodes
are put into the ground 1 m depth; with mutual distance of 120 m
along NS direction and 100 m along EW direction. 5 no-polarizable
electrodes are installed with a mutual spacing of 5m along the well.
The common electrode is fixed at 20 m.

3 Geophysical monitoring network: Tito station

The geophysical monitoring network (Fig. 2) works since
April 1999. We designed and installed the first remote station
prototype to detect SP and seismometric signals in the Goe-
physical Laboratory (IMAA-CNR) located in Tito (Di Bello
et al., 1994; Lapenna et al., 1998; Balasco et al., 2001; Colan-
gelo et al., 2004; Telesca et al., 2005). We improved our
monitoring network installing this prototype in six test sites
of Southern Apennine chain: Tito, Giuliano, Val d’Agri area
(Villa d’Agri, Marsico, Tramutola) and Laterza. All the re-
mote stations are equipped with a multi-electrode array able
to detect the time fluctuations of self-potential along at least
in two directions: NS and EW. During the last years a very
large data-base of SP time series has been organized and it is
actually available to assess robust statistical methodologies
to identify geoelectrical anomalous signals.

In this work we will describe the configuration of Tito sta-
tion which is characterized by two kind of arrays to detect
SP signals: vertical dipoles and horizontal dipoles (Fig. 3).
The first type is characterized by 4 no-polarizable electrodes
(Fig. 4) put into the ground 1 m depth; their mutual distance
is 120 m for the 2 couples of electrodes in the NS direction
and 100 m for the electrodes in the EW direction (the corners
of a rectangular perimeter). With this configuration it is pos-
sible to evaluate the electric field irrotationality in real time,
calculating the algebraic sum of the self-potentials recorded
by the 4 channels (Colangelo et al., 2004). The SP electrodes
are connected by screen cable to a high resolution multime-
ter and finally to a personal computer to store the data. The
sampling rate is1t=1 s. To better understand the influence
of rain and cultural noise on SP signals, during May 2004 we
drilled a hole of 20 m depth to measure the SP vertical com-
ponent (Fig. 5). Five no-polarizable electrodes have been
installed with a mutual spacing of 5 m along the well. The
common electrode is fixed at 20 m. The choice of the depth

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Fig. 4 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Fig. 4. No-polarizable electrode: Pb-PbCl2.
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Fig. 5. Holes for the acquisition of SP and seismic signals.

spacing is due to technical settings. Figure 6a–b show a few
record examples of SP signals where it is possible to see the
major stability of the signals on vertical dipoles.

4 Preliminary results

We presented the improvement of Tito station, where we
jointly detect horizontal and vertical self-potential signals
in a seismic active area of Southern Italy. Furthermore,
we present some cases of possible correlation between the
anomalous SP signals and local seismic events. The seismic
events have been selected by the Dobrovolsky’s rule (Do-
brovolsky, 1993), that allows to select only the earthquakes,
whose effect could produce variations in the geoelectrical pa-
rameters, detected into strain radiusr=100.43M , wherer is
in km andM is the magnitude of the earthquake. Figure 7a–
b show an example of possible correlation between electri-
cal anomalies and local earthquakes. During July 2004 an
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Fig. 6. Record examples of SP signals:(a) horizontal dipoles,(b)
vertical dipoles. It is observable that the signal variability for the
horizontal dipoles is larger than that for the vertical dipoles.
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Fig. 7 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Fig. 7. SP signals during 22 July 2004. An earthquake of magnitude
3.2 occurred just few hours later the occurrence of anomaly in both
the SP signals:(a) horizontal dipole,(b) vertical dipole.

earthquake very close to Tito station is occurred. Vertical
and horizontal dipoles have detected anomalous fluctuations
of self potential signals a few hours before the local earth-
quake withMd=2.8. The horizontal dipole presents different
pre-seismic geoelectrical anomalies and one co-seismic spike
of 10 mV, while the vertical dipole shows a different shape of
pre-seismic anomaly with an amplitude about 5 mV. During
this time the geoelectrical signals are not influenced by rain
events (Fig. 8).
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Fig. 8. Rain events occurred in July 2004.

We need long time series to give firm conclusions about
the reliability of identifying possible geoelectrical precur-
sors, nevertheless, the first results obtained encourage us
to continue in this direction. In the next future we will
increase the number of monitoring stations to detect vertical
and horizontal electrical dipoles, by installing a large scale
network covering the whole active seismic area of the
Southern Apennine.
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