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New deep electrical resistivity tomography in the High
Agri Valley basin (Basilicata, Southern Italy)

Enzo Rizzo and Valeria Giampaolo

CNR-IMAA, National Research Council, Institute of Methodologies for Environmental Analysis,
Tito, Italy

ABSTRACT
The Agri Valley (Basilicata Region) is the most important area in
Europe for onshore oil production. Moreover, the High Agri Valley
extensional basin is among the Italian regions with the highest
seismogenic potential. Therefore, the area is well investigated but
even if deep data are available, the geometry of the pre-quater-
nary bedrock, the location of the main fault systems bordering
the basin and the recent tectonic evolution of the basin are still
debated. The aim of this work is to define the morphology of the
pre-quaternary substrate below the valley, the thickness of the
quaternary alluvial deposits and to contribute to the knowledge
of the geological-structural characteristics of the basin of the High
Agri Valley, by a new multichannel deep electrical resistivity tom-
ography (DERT) data. The valley was previously characterized by
DERT measurements crossing the valley, and now we present a
new deep longitudinal acquisition. The new high-resolution elec-
trical images allow us to improve previous reconstruction of the
complex geometry of the basin and to highlight the irregular
shape of the basin, bordered by shallow-depth faults and filled by
Pleistocene alluvial deposits, with a more detailed scenario of
fault-bounded blocks forming different depocentres separated by
intrabasinal highs.
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1. Introduction

The Agri Valley is the most important area in Europe for onshore oil production,
where 27 wells in production in the Val d’Agri are connected by 100 km of under-
ground pipelines (Centro Oli Val D’Agri-COVA network) and from there directly to
the Taranto refinery. The hydrocarbon occurrences of Italy tend to be identified in
three different groups (Bertello et al. 2008). One of these is the Cretaceous petroleum
system (Val d’Agri Field). This system lies in the Mesozoic carbonate substratum of
the foredeep/foreland area and of the external thrust belt of the Southern Apennines
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and bears the largest oil and gas accumulations of Italy. The Val d’Agri giant oil field,
discovered in 1988, is the largest oil accumulation of the Cretaceous petroleum sys-
tem. The reservoir is represented by the Cretaceous to Miocene limestone and dolo-
stone of the Apulian Platform (Bertello et al. 2010). The trap of the field is
represented by a large-scale pop-up bounded by NW–SE high-angle reverse faults.
The structure is a result of the intense Apennines transpressive deformation that
affected the area during the Middle–Late Pliocene and Early Pleistocene (Van Dijk
et al. 2000; Shiner et al. 2004). The vertical throw exceeds 1000 m. The high valley of
the Agri River is a complex intermontane basin formed in the hinterland of the fold-
and-thrust belt of the Southern Apennines during quaternary times, after the Mio-
Pliocene episodes of shortening. The basin represents an active neotectonic area and
one of the higher seismic and environmental hazard sectors of Southern Apennines.
In fact, it was affected by recurrent and destructive earthquakes such as the 1857
Basilicata earthquake (Gasperini et al. 1999; Burrato and Valensise 2008), as well as it
is one of the most important areas for hydrocarbon extraction in Europe. Finally, the
area was characterized by the development of important historical settlements in the
past and by dense urbanization in recent times.

The extension of the valley bottom, placed at an average altitude of 600 m. a.s.l. it
is about 140 km2. The catchment basin is elongated in the Apennines direction, while
the fluvial route progressively changes its orientation from N-S in the upper part to
WNW-ESE in the terminal stretch through a flat bottom depression that only in the
southern sector is entrenched (Giano and Schiattarella 2002).

The geological complexity of the study area has led to the use of geophysical techni-
ques, in fact, geophysical methods have been effective tools over the years for studying
tectonically active areas (e.g. Caputo et al. 2003). Several recent works focus on geophys-
ical survey for deep geological and tectonic quaternary basin characterization (Boncio
et al. 2016; T€un et al. 2016; Civico et al. 2017; Mekkawi et al. 2017; Nocentini et al.
2017; Onnis et al. 2017). Furthermore, most recently reflection seismic and magnetotel-
luric surveys provide high-resolution images of fault systems (Improta et al. 2017 2010;
Balasco et al. 2015; Beckers et al. 2015; Beilecke et al. 2016; Beka et al. 2017; Karaş et al.
2017; Buttinelli et al. 2016) giving a relevant support to seismologists and struc-
tural geologists.

In this frame only few applications concerning the use of unconventional geoelec-
trical methods, e.g. DC current, based on advanced tomographic data inversion tech-
niques, and self-potential (SP) have been presented.

The electrical resistivity tomography (ERT) allows the realization of an extreme
detail image with regard to the areal behaviour of the electrical resistivity along the
plane of the vertical section passing through the chosen profile. In detail, the remark-
able resolution obtained through this technique allows to discriminate much more
effectively the resistivity contrasts present in the subsoil. This technique has been
widely applied in environmental and engineering geophysics to obtain 2D and 3D
high-resolution images of the resistivity subsurface patterns in areas of complex geol-
ogy at shallow depths (Giano et al. 2000; Suzuki et al. 2000; Demanet et al. 2001;
Steeples 2001; Caputo et al. 2003; Improta et al. 2010; Stabile et al. 2014; Seminsky
et al. 2016; Kolawole et al. 2018).

198 E. RIZZO AND V. GIAMPAOLO



Deep electrical resistivity tomography (DERT) technique is an unusual geoelectrical
approach, described for the first time by Hallof (1957), able to reach investigation
depth >200 m. The main concept of the deep approach consists on the use of physic-
ally separated tools between the injection system and the measured drop of potential
tool. Only few examples of DERT explorations aimed to support structural studies
are reported in the following literatures: Di Maio et al. (1998), Storz et al. (2000),
Suzuki et al. (2000), Rizzo et al. (2004), Giocoli et al. (2008), Balasco et al. (2011),
Pucci et al. (2016); however, DERT method was found to be an excellent geophysical
tool for the study of the sedimentary basin of the High Agri Valley (HAV).

In detail, previous studies allowed to obtain a first 3D electrical image of the HAV
providing indications on the geological-structural arrangement of the High Val d’Agri
basin (Colella et al. 2004; Rizzo et al. 2004a). The previous 3D geoelectrical image
was obtained by six DERTs acquired orthogonally to the valley and an investigation
depth of about 500 m was reached. All the data where singularly inverted and the 3D
deep image was obtained by the interpolation Surfer Software tools (Golden
Software). The used instrument was an old system built by CNR-IMAA with a
mono-channel system and more than 530 apparent electrical resistivity data were car-
ried out (Colella et al. 2004).

In this paper, we focus our attention on the analysis of a new acquired DERT giv-
ing a first deep geoelectrical longitudinal section of the Agri Valley. The results pro-
vide deeper information of the pre-infilling valley bottom and the geoelectrical image

Figure 1. Geological sketch map of the Agri Valley (after Carbone et al. 1991, modified), showing
location of the deep electrical resistivity surveys. G–G0 is the new DERT, while A–F are DERT in
Colella et al. (2004).
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highlighted the longitudinal morphology image of the quaternary bedrock improving
the previous results. In contrast to previous studies (Colella et al. 2004; Rizzo et al.
2004a), in this work, the DERT was acquired through a new deep multichannel sys-
tem designed and built at the Hydrogeosite Laboratory of the CNR-IMAA. This instru-
ment introduces many innovations compared to the instrumentation used in the past
allowing to expand and adapt the system to the most varied logistical conditions, either
as regards the number of data that can be acquired (greatly increasing the number), and
in optimizing the survey times. In addition, the DERT profile achieved during this work
reaches a length of about 21km along the longitudinal section of the entire valley and a
depth of investigation of about 1 km, giving new insight of the deep structure of the
basin. Moreover, a final deep 3D resistivity model of the HAV was obtained by integrat-
ing the new longitudinal DERT with the transversal ones of Colella et al. (2004). Finally,
by integrating the literature, geological-structural data and the new geophysical informa-
tion, it was possible to elaborate a new and more detailed geological-structural-paleo-
morphological model of the basin at depth.

2. Geological setting

The HAV is a quaternary extensional basin elongated about N120� and �30 km long
and 5 km wide, located in the axial zone of the Basilicata (Figure 1). The valley is

Figure 2. Quaternary deposits of the High Agri basin and stratigraphic relationships among them.
Val d’Agri Fault System (EAFS; Cello et al. 2003); Monti della Maddalena Fault System (MMFS;
Maschio et al. 2005). Pre-quaternary bedrock is not shown. Modified from Zembo et al. (2011).
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bordered to the west by the Maddalena Mounts, to the south by Sirino and Raparo
Mts., while to the east to the Volturino Mt. group; S. Enoc Mt. and Dell’Agresto Mt.
separate HAV from the middle sector of the valley.

The basin infill consists of continental deposits up to 500 m thick and it is
emplaced on the Southern Apennines NE-verging thrust-belt resulting from the
Miocene–Early Pleistocene deformation of basin and shelf domains (Dewey et al.
1989; Patacca and Scandone 1989). The complex thrust-and-fold system has been
deeply explored by commercial reflection profiles and wells (Menardi Noguera and
Rea 2000; Dell’Aversana 2003; Shiner et al. 2004). In particular, hydrocarbon explor-
ation shows that the shallow architecture derives from a poly-phase tectonic history
(Menardi Noguera and Rea 2000; Shiner et al. 2004; Catalano et al. 2004). Since the
Middle Miocene, thin-skinned tectonics was responsible for the build-up of a pile of
rootless nappes, which has been drilled down to 2–4 km below the sea level.
Mesozoic carbonates of the Western Carbonate Platform overthrust coeval pelagic
sequences of the Lagonegro Basin (mainly consisting of cherty-limestones and cherts),
which in turn tectonically overlay deeply deformed Mio-Pliocene foredeep deposits
(Shiner et al. 2004). This stack of thrust-sheets overthrusted with an overall E-ver-
gence shelf limestones of the Apulia Platform up to 7 km thick, which underwent
thick-skinned tectonics during Late Pliocene–Early Pleistocene times (Menardi
Noguera and Rea 2000). The detachment between the allochthon and the buried
Apulian unit is marked by a m�elange zone, generally several hundreds of meters thick
and locally exceeding a kilometre in thickness (Shiner et al. 2004). From a mechanical
point of view, the allochthonous and the Apulian units are characterized by a brittle
behaviour, whereas the intermediate m�elange zone shows ductile behaviour.

Pleistocene extensional tectonics combined with quaternary climate changes
strongly controlled shape, morphology, and sedimentary evolution of the HAV basin
up to the present (Giano et al. 1997, 2000; Schiattarella et al. 2003; Boenzi et al. 2004;
Colella et al. 2004; Zembo 2010). The most recent studies suggest that the present-
day basin configuration is due to phases of transtension and extension, between the
Early Pleistocene and the Holocene, along two branching high-angle fault systems
(Figure 2): the SW-dipping and NW–SE trending normal fault system located along
the north-eastern flank of the basin (‘Eastern Agri Fault System’, Cello et al. 2003)
and the eastern branch of the NE-dipping NW–SE striking normal fault system,
located along the southern flank of the basin (‘Monti della Maddalena Fault System’,
Maschio et al. 2005).

The genesis of the HAV basin can be schematically summarized in two main tec-
tonic phases (Giano et al. 1997; Schiattarella et al. 1998; Schiattarella et al. 2003). The
Late Pliocene–Early Pleistocene tectonic phases of the Southern Apennines, result from
strike-slip movements along roughly NNE–SSW trending, right-lateral, and WNW–ESE
trending, left-lateral, structures (Turco and Malito 1988; Ortolani et al. 1992; Cello et al.
2003; Shiner et al. 2004). The second phase takes its place in the Middle Pleistocene as
a consequence of a regional-scale extensional regime with a NE–SW-oriented axis,
resulting in NW–SE striking high-angle normal faults, which determined the enlarge-
ment and subsidence of the basin (Schiattarella 1998; Cello et al. 2003; Boenzi et al.
2004). Different stress indicators (Cello et al. 2003; Montone et al. 2004) instead suggest
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that this NE–SW extensional stress regime is ongoing, as inferred by the regional
seismicity characterized in the recent past by frequent earthquakes and great magni-
tude, such as that of 1857 (Gasperini et al. 1999; Burrato and Valensise 2008), and as
proved by the occurrence of paleosoils (ages between 40 and 20ka) affected by normal
faulting with pluridecimetric and metric cumulative displacements (Giano et al. 2000).

The HAV quaternary syntectonic continental deposits (Zembo 2010), influenced
by the two main tectonic phases described above, consist essentially of (Figure 2):

� Lower–Middle Pleistocene talus breccia (‘Brecce di Galaino and Marsicovetere’
and ‘Brecce di Serra Mare’, Di Niro and Giano 1995; Giano et al. 1997; Boenzi
et al. 2004), which are exposed only along the north-eastern and the south-western
basin flank;

� Middle–Upper Pleistocene fluviolacustrine sediments (Val d’Agri Complex, Di
Niro et al. 1992; Giano et al. 2000), and Upper Pleistocene–Holocene fluviolacus-
trine deposits.

The ages of the quaternary sediments have been inferred by correlating the poly-
genetic land surfaces of the HAV with post-Sicilian morphostratigraphic features
from the nearby Sant’Arcangelo Pliocene–Pleistocene basin (Di Niro et al. 1992).

The Lower–Middle Pleistocene tilted and faulted slope deposits are characterized
by roughly stratified breccias with reddish matrix, locally up to 20 ± 3 m thick, which
are strongly deformed (first tectonic stage), separated from their source area and not
connected with the alluvial plain (Giano et al. 2000).

The Val d’Agri Complex, only mildly faulted, was divided by Di Niro et al. (1992)
to three lower rank units, forming an overall coarsening-upward sequence: the lower
interval (Lower?–Middle Pleistocene), mainly silty clay and silt, shows local condi-
tions of poor drainage (fluvial–lacustrine and overbank deposits). The other two
intervals (Middle–Late Pleistocene), with gradual appearance of sands, gravels and
conglomerates, show a reorganization of the hydrographic network (alluvial plain and
proximal fan deposits).

According to Bianca and Caputo (2003), during the last uplift phase of lifting of
the Middle–Upper Pleistocene, the morphostructural threshold placed at the anticline of
the Armento allowed the formation of the Pertusillo paleolake and the beginning of the
sedimentation of the Val d’Agri Complex (Di Niro et al. 1992). The incision of the
threshold by the River Agri due to regressive erosion induced by the regional uplift
causes the progressive emptying of the lake and the partial incision of the same fluvio-
lacustrine deposits of the Val d’Agri Complex (Di Niro et al. 1992). According to
Boenzi et al. (2004) and Schiattarella et al. (2006), the beginning of the fluvial incision
of the basin threshold is due to a regional tectonic event, occurring at ca. 0.125Ma.

The depositional top of the Val d’Agri Complex is deeply incised by the Agri
River and its tributaries, only in the southern sector of the HAV, as a consequence of
deepening of the drainage network, forming a wide terraced surface (Middle–Late
Pleistocene terrace by Bianca and Caputo, 2003). Here, the Agri River leaves the
HAV through a deep gorge (Pietra del Pertusillo) cut into the Miocene
Gorgoglione flysch.
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The uppermost Pleistocene and the Holocene sediments are represented by ter-
raced alluvial sediments, alluvial fans and recent and present-day alluvial deposits; the
recent alluvial sediments of the Agri River mostly crop out in the central and north-
ern side of the basin, the latter displaying a flat morphology typical of an alluvial bot-
tom valley. The younger fluvial terraces are telescoped into the deeply entrenched
drainage network. After building of the Pertusillo dam (1957–1962), all the Holocene
valleys at north of the artificial lake became oversupplied, with cycles of deposition/
erosion of sands and gravels, modulated by the artificial lake level.

According to Colella et al. (2004) and Rizzo et al. (2004a), the deep architecture of
the HAV, reconstructed by integrating geophysical and stratigraphic data, consists of
three main tectonically controlled depocentres separated by two structural highs

Figure 3. Sketch of the complex structural basin of the High Agri Valley as inferred from geophys-
ical and geological data (Colella et al. 2004). (a) altitude above sea level of the top of the pre-qua-
ternary bedrock of the High Agri Valley basin (black lines are the ERT profiles); (b) deep
architecture of the High Agri Valley consisting in three main depocentres separated by two struc-
tural highs.
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bounded by NE-oriented faults and by EAFS and MMFS fault systems (Figure 3).
From NW to SE, the structure of the HAV comprises the following elements:
Molinara depocentre, Monticello High, Fossa del Lupo depocentre, Grumentina High,
Pertusillo depocentre. In the three depocentres, the thickness of the basin fill strongly
varies, decreasing south-eastwards: the Molinara and Fossa Del Lupo depocentres are
the most important and the quaternary sediment fill could reach a thickness >500 m;
the Pertusillo depocentre strongly differs from the previous ones and the basin fill
could not exceed 100 m. In general, the thickness of the sediments is very variable
and decreases towards the south.

In detail, the pre-quaternary basin substrate consists of:

� Mesozoic-Tertiary carbonates with a neritic facies of escarpment, i.e. limestone
and dolomites deposited in a protected and shallow environment (Unit of Monte
Marzano-Maddalena Mounts, Bonardi et al. 1988), mainly outcropping along the
western side of the basin;

� Lagonegro units rocks. They crop out mainly along the eastern flank of the valley
and in sparse tectonic windows beneath the Maddalena Mounts thrust sheet in the
western side;

� Toward the east and southeast, the pre-quaternary substratum consists of,
Miocene siliciclastic sediments (Albidona and Gorgoglione flysch) that crop out
mainly in the southern part of the HAV.

3. Methods

To improve the previous geophysical results on the pre-quaternary bedrock and the
quaternary alluvial deposits, a 21 km-long DERT was carried out by reaching the
investigation depth of about 1 km along the longitudinal section of the HAV basin.

Geoelectrical method is one of the geophysical methods that studies the electrical
distribution properties in subsurface. The response is based on the measurement of
electrical potential field on the surface that occur either naturally or due to the injec-
tion of an electric current into the earth. Some of geoelectrical method are SP and
resistivity methods.

The basic principle of resistivity method is to inject a current (I, A) into the earth
using two current electrodes A and B, then measure the potential difference DV
(mV) through two other electrodes M and N on the surface of the earth, giving us a
way to measure the electrical resistivity of the subsurface material. The measured
apparent resistivity is a function of the measured impedance (ratio of electric poten-
tial in mV to current in A) and the geometry of the electrode array (K). In the shal-
low subsurface, the presence of water strongly controls the conductivity.
Measurement of resistivity is, in general, a measure of water saturation and connect-
ivity of pore space. This is because water has a low resistivity and electric current will
follow the path of least resistance. Increasing saturation, increasing salinity of the
underground water, increasing porosity of rock (water-filled voids) and increasing
number of fractures (water-filled) all tend to decrease measured resistivity. Increasing
compaction of soils or rock effectively increase resistivity. Air, with naturally high
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resistivity, results in the opposite response compared to water when filling voids.
Whereas the presence of water will reduce resistivity, the presence of air in voids
should increase subsurface resistivity.

2D ERT measures both the lateral and vertical variations of the electrical resistivity
of the rocks, by moving current and potential electrodes and increasing their spacing
along a chosen profile. The remarkable resolution obtained through this technique
allows to discriminate, in a more effective way, resistivity contrasts present in the
subsoil, providing information on the physical conditions of the rocks, on the pres-
ence of tectonic and/or stratigraphic discontinuity surfaces and on the presence of
aquifers and/or fluids of various origins (Grahame 1947; Sato and Mooney 1960;
Davis et al. 1978; Revil and Pezard 1998, 2003; Rizzo and Piscitelli 2007;
Jouniaux 2011).

Resistivity measurements are associated with varying depths depending on the sep-
aration of the current and potential electrodes in the survey, and can be interpreted
in terms of a lithological and/or geohydrological model of the subsurface. Measured
data are termed apparent resistivity because the resistivity values measured are aver-
ages over the total current path length but are plotted at one depth point for each
potential electrode pair. 2D images of the subsurface apparent resistivity variation are
called pseudosections. Data plotted in cross-section are a simplistic representation of
actual, complex current flow paths. Inversion software helps to interpret geoelectrical
data in terms of more accurate earth models.

The realization of a DERT consists investigating electrical resistivity distribution at
greater depth (>200 m) by using a physically separated system between the current
injection (I) and the drop of potential measurements tools (DV). Usually for deep geoe-
lectrical investigation, the current and potential electrodes placed on the ground are
arranged with dipole–dipole (DD) electrode configuration (Figure 4). In DD array, all
four electrodes are put at measurable distances from each other. In this array, both cur-
rent electrodes are next to each other at distance a, while the potential electrodes are
also next to each other at distance a and separated from the current electrode pair at a
distance n. Therefore, the apparent resistivity is calculated (Hannenson 1990):

q ¼ pan nþ 1ð Þ nþ 2ð Þ½ � DV
I

� �
: (1)

The advantage of the DD with respect to the other electrode configurations lies in
the fact that the distance between the measuring electrodes and the current ones is
limited only in the sensitivity of the instruments and in the background noise.
Therefore, it is more suitable for deep investigations (>200 m) otherwise not to be
tackled with quadripolar configuration.

The electric potential signal to be measured could be sometimes very low depend-
ing on the intensity of the current input, on the subsoil electrical characteristics and
on the electrode distances. In fact, for large distances between the AB and MN elec-
trodes, the measured electric potential is sometimes lower, which is due to disturbing
currents present in the ground, such as industrial, telluric and inductive currents
(between cables), which may occur when the energizing circuit is activated.
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The drop of potential DV(t), measured at the MN electrodes, can be represented
by the following relation:

DV tð Þ ¼ S tð Þ þ N tð Þ (2)

where S(t) represents the useful signal and N(t) symbolizes the noise.
However, the quality of the signal also depends on the spacing between electrodes,

worsening as the receiving dipole moves away from the energizing one. The distribu-
tion of conductivity in the soil also affects the quality of the signal; in fact, in highly
conductive areas, located between the transmitting and receiving dipoles, the electric
potential is strongly masked to such an extent that the signal is completely erased
from the background noise. Furthermore, geoelectrical data acquisition in urbanized
areas is characterized by a greater noise level because of the disturbances due to
environmental noise. For all these reasons, the voltage signal useful for obtaining the
essential information to calculate the apparent resistivity could be hidden.

To obtain a 2D real resistivity model of subsoil, the apparent resistivity values
should be inverted by means of the inversion algorithms. There are several
approaches of 2D inversion and for our data, we used three different types:
RES2Dinv by Geotomo Software (LOKE e BARKER, 1996), where the inversion rou-
tine is based on the smoothness constrained least-squares inversion implemented by a
quasi-Newton optimisation technique; DCIP2D by UBC-GIF (Oldenburg et al. 1993),
which consists of iterative procedures of systems of equations based on objective
functions; ZondRes2D software (Zond geophysical software), which is a computer

Figure 4. Device system with transmitter and receiver units physically separated.
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program for 2.5D interpretation of ERT and finite-element method as mathematical
apparatus is used to solve forward and inverse.

4. Field data acquisition

To identify the best surface electrical dipoles position and therefore optimize both the
geophysical data acquisition time and results, we individuated, following a site inspec-
tion, 53 point (red tacks in Figure 5) possibly representing the surface dipole electro-
des position for deep electrical resistivity measurements. They were chosen taking
into account the ease of reaching the place with the geophysical equipment and the
absence of any natural and anthropogenic limits for power cables roll out.

Following the site inspection, a deep geoelectrical tomography with NW–SE trend
was carried out along a wide portion of the HAV between Marsico Nuovo and
Grumento Nova towns.

In particular, a system conceived and realized at the Geophysical Laboratory of
CNR-IMAA was used. The instrumentation is divided into two parts: an energizing
system and a receiving one.

The energizing system consists of a current injection transmitter connected to an
adequate power system used to introduce an electric current into the ground through
current electrodes A and B. The choice of the type of power system was weighted
considering a series of factors such as the depth of investigation, the soil characteris-
tics, the environmental electrical noise, etc. To ensure a good electrical contact, we
used current electrodes with a diameter of 20–30mm and a length of 1 m.
Furthermore, in each current station (A and B position) three connected electrodes
were used, to reduce the surface resistance and improve the current injection. The
electrode distance was 400-m long. To energize direct current, the addition of a cur-
rent rectifier to transform the alternating voltage into direct voltage was required.
Finally, the energization system displays how many electrical current is injected in

Figure 5. Geolocated stations of the new 2D DERT.
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the subsoil. Therefore, an operator recorded the values at regular intervals of 2min,
since the current pulse was rather stable.

The receiving system measures the generated voltage signals (DV) between potential
electrodes MN. Drop of potential values are recorded with a regular sampling step (1 s),
chosen to fit an integer number of times in the full cycle of a current wave. In particu-
lar, the used receiving system consists of unpolarizable electrodes driven into the ground
connected to a multichannel receiver system made of four remote multichannel datalog-
gers, radio-connected to a personal computer, simultaneously recording up to 32 drop of
potential (mV). In this work, we used only four channels for each datalogger, to collect
at the same time eight drops of potential for each dipole current injection.
Unpolarizable electrodes were necessary to obviate the problem of ‘electrode polar-
ization’, a source of noise which, if present, alters the survey data considerably.

Furthermore, single-core, flexible, low-ohmic copper cables were used; the choice
of their section depends on the maximum amount of current that the generator is
able to supply; they must be wound on suitable cable reels to facilitate both transport
and unwinding and rewinding.

This type of instrumentation appears to be at the forefront of geophysical surveys,
bringing numerous innovations compared to the instrumentation used in the past.
Furthermore, it allows to expand and adapt the system to the most varied logistic
conditions, both as regards the number of data that can be acquired (increasing con-
siderably the number), and in optimizing the investigation times, managing to
acquire, at the same length, a tomography in half the time.

Finally, in previous measurement campaigns (Colella et al. 2004; Rizzo et al.
2004a), it was possible to use a maximum electrodes spacing of 200 m, while the new
acquisition system allows to use electrodes spacing of about 400 m.

In particular, a 40 s lasting electric signal in the form of a square wave, with a
maximum current of 10 A, was injected into the ground. The DD array used was
characterized by a¼ 400 m (electrodes spacing) and a maximum of 8a. The total
maximum distance between the energizing and receiving stations was of 4000 m. The
data records have lasted from 10 to 20min, to have a sufficient number of square
waves cycles to allow the extraction of the useful signal from the background noise.
A sampling rate of one second was chosen. At the end of the survey a total of 351
potential measurements were recorded along a 20,800 m-long profile.

The geoelectrical survey lasted about a month, considering the length of the tomog-
raphy (20,800 m) that was acquired. For the acquisition, it was necessary to use a group
of 5/6 people distributed among the four dataloggers, the energizing system and the per-
son in charge of displaying the voltage values to the portable computer. Usually, the most
distant receiving stations suffer from a greater reduced signal/noise ratio, therefore the
person in charge of reading the signal to the PC checked if the data recording voltage
drop were satisfactory by controlling more closely the electrical potential cycles measured.

5. Data analysis and inversion

The huge work in the field permitted to acquire several data (current and drop of
potential) during the geophysical surveys. Therefore, an analytical protocol was neces-
sary for data analysis.
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In shallow investigations, a routine statistical analysis of voltage signals is sufficient
to reduce the errors associated to the estimate of the potential values. On the con-
trary, in deep geoelectrical explorations a crucial task is the extraction of useful signal
from voltage recordings. In fact, the large distance between the energizing and receiv-
ing systems strongly reduces the signal-to-noise ratio. To overcome this drawback,
for each electrode position the corresponding voltage signals was filtered, stored and
processed. Taking into account that the signal-to-noise ratio depends from the dis-
tance between the current emitters and receivers, the success of the methodology is
related to the duration of voltage recordings. The rationale of field acquisition and

Figure 6. (a) Example of Fourier analysis applied to a signal recording in which there is a (b) poly-
nomial type trend that was removed. (c) Application of Fourier analysis to an example of signal
recording with a good signal-to-noise ratio. (d) The peak at the energization frequency (0.025 Hz).
Application of the Fourier analysis to (e) an example of signal recording with a very low signal-to-
noise ratio. (f) The main peak is not at the energization frequency.
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processing was to record voltage data for enough time so as to always have sufficient
number of cycles to extract the amplitude of the signals from the background noise.

For this effort, we used OriginPro software (OriginLab Corporation) where graph-
ing and data analysis tools were used (Figure 6). In details, the following tools were
applied: spike removing, plot analysis polynomial or linear fit, de-trending, FFT sig-
nals processing of voltage. The first step of the voltage data analysis was the spike
removing, which consists to delete the spikes on the active graph window. The
second step was the de-trending analysis, which consisted in a polynomial or linear
fit of the voltage data and a subsequently de-trend approach, in order to remove the
natural trend that enveloped the data (Figure 6(a–c)). Successively, a FFT tool was
performed to the de-trending voltage data (Figure 6(d)). The FFT analysis converts a
signal from its original time domain to a representation in the frequency domain.
Meanwhile, it can also provide the magnitude, amplitude, phase, power density and
other computation results. In our case, the amplitude of the FFT results in the fre-
quency of the acquired current signal defines the amount of the drop of potential. In
the case in which recorded voltages were characterized by a good signal-to-noise
ratio, in the spectrum of signal amplitudes we will have a peak right at the energiza-
tion frequency (which in our case was equal to 0.025Hz). On the contrary, the spec-
trum of particularly noisy voltage signals presented a series of ‘spikes’ that make the
identification of the useful signal much more complex (Figure 6(e,f)).

After the analysis and elaboration steps, about 16 potential data were rejected
because of the potential signal was not visible; however, considering only the good
data, a 335 resistance values (V/I, X) were estimated taking in account the extrapo-
lated potential data and the injected current. Therefore, it was possible to define the
apparent resistivity data plotted in a 2D image from the resistance and the geometric
factor. The next step defines the real electrical resistivity distribution by the inversion
phase of all the apparent resistivity values. The inversion and optimization processes
of the recorded values along the long longitudinal profile have been executed by
means of different inversion programme but we show only the results coming from
the ZondRes2D software (Zond geophysical software). It is a computer program for
2.5D interpretation of ERT and finite-element method as mathematical apparatus is
used to solve forward and inverse. The first step was to prepare the data for the
inversion, such as poor data detection. The next step was to select the inversion type
and parameters. In order to transform the apparent resistivity pseudosection into a
model representing the distribution of calculated electrical resistivity in the subsur-
face, we used the smoothness constrained that is an inversion by least-square method
with use of smoothing operator. The inversion type was Marquardt classic inversion
algorithm consisted in a least-square method with regularization by damping param-
eter (Marquardt 1963). In case of little quantity of section parameters, this algorithm
allows receiving contrast subsurface model

Finally, in order to obtain a real 3D resistivity model of the HAV, new and previ-
ous apparent electrical resistivity data acquired by Colella et al. (2004) were inverted
using ERTlab (Geostudi Astier srl and Multi-Phase Technologies LLC). ERTLab is a
resistivity inversion software that offers full 3D modelling and inversion. Its numer-
ical core use finite elements (FEM) approach to model the subsoil by adopting a
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mesh of hexahedrons to correctly incorporate complex terrain topography. Moreover,
the software inverts data-sets collected using surface, borehole or surface-to-hole array
configurations. The true resistivity distribution is estimated by minimizing the chi-
squared function:

v2 ¼
X qm�qc

ri

� �
(3)

where, respectively, ri is the estimated data variance; qm and qc are the ith value
of the measured and calculated apparent resistivity for the same quadrupole. The
inversion procedure is based on a smoothness constrained least-squared algorithm
(LaBrecque et al. 1999) with Tikhonov model regularization, where the condition of
the minimum roughness of the model is used as a stabilizing function. Throughout
the inversion iterations, the effect of non-Gaussian noise is appropriately managed
using a robust data-weighting algorithm (Morelli and LaBrecque 1996).

The total data set (882 measurements) was inverted by using a mesh with more
than 300.000 tetrahedral cells (200� 200� 50 m3), a mixed boundary condition
(Dirichlet and Neumann), and a starting homogeneous apparent resistivity of
100 X�m. Both core and boundary mesh were generated to accommodate boundary
conditions. A 2% standard deviation estimate for noise was assumed to invert the
data set with a robust inversion. The inversion time lasted about 3 h.

6. Results and discussion

Figure 7 shows the result of the 2D DERT reaching an investigation depth >1000 m
b.g.l. The resistivity model is characterized by resistivity values varying from 10 X�m
to over 900 X�m. It is generally possible to observe a large, relatively conductive area
(<100 X�m) distributed for the whole tomography with inside more conductive areas
(<10 X�m). Moreover, a very resistive body (>500 X�m) is observed, extended for
over 5 km length, located from about 9500 to 1600 m from the beginning of the pro-
file and placed at a depth of about 200 m b.g.l. In addition, from 4500 to 7000 m at
a depth of about 800 m b.g.l., a resistive zones (>300 X�m) is observed, alternating
with relatively conductive areas (<100 X�m).

Figure 7. The 2D DERT image after the inversion with topography correction.
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By comparing the new 2D electrical resistivity results with previous geophysical,
geological, and stratigraphic data present in the literature, is it possible to obtain
information on the structure at depth of the basin. In particular, the resistivity values
of the tomography can be interpreted as follows: the pre-quaternary substrate is char-
acterized by resistivity values >300 X�m, while, quaternary sediments are character-
ized by resistivity values <100 X�m.

The strong resistivity contrast between alluvial deposits and the pre-quaternary
substrate highlights the complex geometry of the basin. Data inversion allowed us to
understand the transition between the pre-quaternary substratum and the alluvial
sediments, so as to characterize the superficial morphology of the pre-quaternary bed-
rock. From these new data result that the thickness of the sedimentary filling varies
considerably, from the northernmost part of the tomography going towards the
southern area, reaching thicknesses of over 1 km. The minimum thickness of the qua-
ternary sediments (about 200 m) can be observed at the large block of pre-quaternary
substratum, in the central sector of the basin, close the Villa d’Agri town.

Figure 8 shows the 3D electrical resistivity image of the HAV basin obtained with
all the collected electrical resistivity data. The resistivity values of the 3D inversion
model show a lowest range then the 2D inversion model. On the contrary, the resist-
ivity contrast is well defined in both models, correlating with the geological interpret-
ation. The 3D electrical model has a volume type visualization where the low
electrical resistive area (<100 X�m), associated to the quaternary basin, is well distin-
guished along the valley and on its flanks. Moreover, the 3D electrical image high-
lights also the different depth of the basin.

This result allowed revisiting the interpretation of Colella et al. (2004) about pre-quater-
nary substratum geometry (Figure 9). In particular, the area between the NW extreme of

Figure 8. (a) The 3D electrical resistivity image obtained by ERTLab inversion software. The image
highlights the low resistivity zone of the Val d’Agri basin (<50 X�m) and the high resistivity zone
of the central part of the tomography. (b) The misfit graph of the last interactions (n.4).
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the tomography up to 9600 m, can be associated to the Molinara depocentre with sedi-
ment thickness of >1km. The area between 9600 to about 15,000 m, can be associated
with the Monticello high, where there is the minimum thickness of the quaternary sedi-
ments. Instead, the southernmost area of tomography is associated with the Fossa del
Lupo depocentre where the quaternary deposits reach a minimum thickness of 800 m.

In particular, the buried structural highs are bordered by anti-Apennine faults,
probably characterized by a strike-slip component and the Monticello structural high
(Collella et al. 2004) may correspond to the carbonate block of Viggiano Mt., located
along the Southeastern flank of the basin. It is finally possible to state, on the basis of
geological constraints, that the presented geological setting was entirely formed dur-
ing the Early Pleistocene. In particular, these constraints are based on the age of the
Val d’Agri Complex filling.

Figure 9. New interpretation of High Agri Valley pre-quaternary substratum geometry according to
(a) Colella et al. (2004) and (b) the new geophysical data interpretation. (c) The 3D electrical resist-
ivity image without the low resistivity zone of the quaternary basin, highlighting the different
depocenters and highs.
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7. Conclusions

A new 2D DERT has been realized longitudinally to the HAV basin, with a NW-SE
trend, from the Marsico Nuovo to Grumento Nova towns. The new DERT has a total
length of 20,800 m, a depth of investigation of about 1 km, an electrode spacing of
400 m, a total of 53 stations, and 351 voltage signal recordings.

The new resistivity data were inverted by a 3D software to integrate even old
resistivity data measured in the HAV by Colella et al. (2004).

With the contribution of available geological and geophysical data our new geo-
physical results allow us to make a further scientific contribution to the study of the
intermontane basin of the HAV.

The complex evolution of the HAV basin, due to its structure in blocks, with
intrabasinal highs and lows, has meant that the thickness of the infill deposits varies
considerably both in the transverse and longitudinal directions. The subdivision into
blocks, characterized by depocentres and structural highs, proposed by Colella et al.
(2004), obtained through the elaboration of geophysical and geological-stratigraphic
data, can be confirmed, however the greater detail obtained from the longitudinal
electrical resistivity measurements, allowed us to more precisely locate the boundaries
of the Molinara and Fossa del Lupo Depocentres, and of the Monticello High.

So it is possible to state that the Molinara Depocentre, Monticello High and Fossa
del Lupo Depocentre extend for about 9, 5 and 6 km respectively.

Moreover, it is possible to observe from the results obtained in this work that the
thickness of the basin sediments, which according to Colella et al. (2004) reached its
maximum in the Molinara depocentre, equal to about 500 m, is instead >1 km in the
same depocentre. As for the of Fossa del Lupo depocentre, it is possible to assert that
the thickness of the sediments is about 700 m, while obviously the sediments reach
the minimum thickness in the upper part of Monticello High.
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