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Abstract

We present the results of a geophysical survey carried out to outline the structural modelling of Quaternary slope
deposits in the northern part of the Agri high valley (Basilicata, Southern Italy}. Quaternary folding and brittle
deformations of the subaerial slope deposits have been studied combining electrical imaging and self-potentia]
surveys with geological structural analysis. This integrated approach indicates that the area underwent both
transpressional and transtensional tectonics during Pleistocene times as testified by the existence of a push up
structure in the basement buried by deformed Quaternary breccias. On this basis, the valley appears to be a more
complex structure than a simple extensional graben, as traditionally assumed in the literature.

Key words electrical imaging - self potential —
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1. Introduction

The intermontane basin of the Agri high val-
ley represents one of the higher seismic and
environmental hazard areas of the Southern
Apennines. In historic and recent years this area
has been hit by many seismic events, sometimes
destructive, like that which occurred on Decem-
ber 1857 ({ = XI MCS) (Mallet, 1862; Boschi
et al., 1994). Additionally, for the endemic inad-
equacy of the anthropic buildings, the presence
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of important hydraulic engineering structures
(Pertusillo and Marsico Nuovo Dams) and the
intense exploitation of oil and natural gas, oper-
ated since 1980, it is particularly exposed to
strong seismic events (Amato and Selvaggi,
1993).

In this area many research groups have fo-
cused their attention on the geological and struc-
tural analyses (Giano et al., 1997; Schiattarella
et al., 1998), the monitoring of geophysical and
geochemical parameters possibly correlated with
local tectonic activity (Di Bello er al., 1998) and
the estimates of site seismic hazard and site
amplification for several towns and villages lo-
cated in this area (Gallipoli er al., 1998).

In this framework, self-potential and electri-
cal imaging surveys, combined with a deep ge-
ological structural analysis, were performed to
better define the structural modelling of Quater-
nary slope deposits in the northern part of the
valley and, consequently, to contribute to a more
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complete picture of the tectonic evolution of the
valley.

The preliminary geological and hydrogeo-
logical prospecting allowed us to identify rock
formation characterised by a wide contrast of
resistivity values and the presence of intense
underground fTuid flow. For this reason, a geo-
physical survey based on resistivity and self-
potential measurements was considered a pow-
erful tool to better delineate the complex geo-
logical environment,

The paper is so organised: Section 2 summa-
rizes the geological setting of the investigated
area; Section 3 discusses the results obtained
from self-potential survey; the resistivity tom-
ographies are analysed in Section 4 and, finally,
Section 5 proposes a conclusive structural mod-
el of the investigated area, based on the results
coming from the geophysical campaign and the
geological analysis,

2. Geological and structural outline

The investigated arca is located on the South-
ern Apennines that are an Adriatic-verging fold-
and-thrust belt mainly derived from the defor-
mation of the African-Apulian passive margin
(fig. 1). The chain was built on from late Oli-
gocene to Pleistocene and is composed of Mes-
ozoic-Cenozoic sedimentary cover from differ-
ent paleogeographic domains and of the Neo-
gene-Pleistocene piggyback basin and foredeep
deposits of the active margin. The average trend
of the chain axis is about N150°, corresponding
to the strike of the main thrusts and coaxial
normal faults. The belt is also affected by Plio-
Quaternary strike-slip faults mainly oriented
according to N120° = 10° and N50°-60° trends
(Schiattarella, 1998).

The high valley of the Agri River is a NW-
SE trending intermontane basin located in the
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Fig. 1. Geological sketch map of Southern Apennines. 1 = Plio-Quaternary clastics and Quaternary volcanics;
2 = Miocene syntectonic deposits; 3 = Cretaceous to Oligocene ophiolite-bearing internal units (Ligurian Units);

4 = Meso-Cenozoic shallow-water carbonates of the Apenninic platform; 5 = Lower-middle Triassic to upper
Miocene shallow-water and deep-sea successions of the Lagonegro basin: 6 = Meso-Cenozoic shallow-water
carbonates of the Apulian platform: 7 = Thrust front of the chain. In the frame: the high valley of the Agri River.
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Fig. 2. Geological map of the Galaino area. 1 = Calcari con Selece Formation (upper Triassic); 2 = Galestri
Formation (lower-middle Cretaceous); 3 = Ancient slope breccias (lower-middle Pleistocene); 4 = Alluvial deposits
of the valley floor (middle-upper Pleistocene): 5 = Recent debris slope deposits and colluvium (Holocene):
6 = Landslide deposits: 7 = Fault: 8 = Anticline axis: 9 = Statigraphic boundary; 10 = Attitude of the beds;
Il = Trace of electrical image BB’; 12 = Direction of groundwater outflow. In the [rame: the investigated arca.
The right sketch shows the structural framework of the Agri high valley,

Lucanian Apennine. The basin formed during
Quaternary times along the axial zone of the
chain and is filled by middle Pleistocene alluvi-
al deposits, The pre-Quaternary bedrock is con-

stituted by Mesozoic-Cenozoic shallow-water

and slope carbonates, mainly outcropping along
the western side of the basin, thrust on coeval
pelagic successions which crop out mainly
along the eastern flank of the valley (Scandone,
1972). Toward east and south-cast the bedrock
is formed by Tertiary siliciclastic sediments
which accupy the southern part of the high
valley.

Brittle tectonics has strongly controlied both
morphological and sedimentary evelution of the
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basin up to the present, as proved by seismicity
and by the occurrence of recent paleosoils in-
volved in faulting (Giano er al., 1998). Early
Pleistocene displacement along the boundary
faults is evidenced by slope deposits that are
tilted and uplifted at various elevations along
the basin flanks. Extensional tectonics is com-
monly envisaged as responsible for the basin
evolution, but recent structural studies (Giano
et al.. 1997; Schiattarella er al., 1998) suggest that
the valley is a structure more complex than an
extensional graben. Map-scale folds, in fact,
affect Quaternary subaerial slope deposits of the
castern flank of the basin, near Galaino village
(fig. 2). Fault kinematics and cross-cutting rela-
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tionships indicate that the fold structures in the
slope deposits are induced by strike-slip tecton-
ics and predate normal faulting (Di Niro and
Giano, 1995) (fig. 3).

As regards the local hydrogeological sys-
tem, D’Ecclesiis er al. (1995) pointed out that
the springs existing in the area, probably, repre-
sent outflows of a deep reservoir. The feeding
basin involves the entire carbonatic aquifers of
Mt. Volturino and Mt. S. Nicola. Figure 2 shows
the main directions (black arrows) of the ground-
water outflow toward the valley. A fraction of
groundwater outflows, under the Quaternary
cover, into the fractured basement of the valley.
To depths of approximately —170 m, at the bot-
tom of the slope, in fact, hydrologic wells have
identified a confined groundwater, uprising
until approximately —20 m from ground level,
characterised by a pressure of 15 atm (D Ec-
clesiis et al., 1995).
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3. Self-potential survey

The Self-Potential (SP) method consists of
measuring at the earth surface the natural elec-
trotelluric field developed in the subsurface by
several mechanisms: electrokinetic coupling
(streaming potential), thermoelectric coupling,
electrochemical effects, cultural activity etc,
(Nourbehecht, 1963; Corwin and Hoover, 1979).

In past and recent years the SP method has
been applied in a wide class of geological prob-
lems: in mineral prospecting (Sato and Mooney,
196(), in the detection and delineation of ther-
mal sources in geothermal and volcanic areas
(Corwin and Hoover, 1979; Zlotnicki et af., 1994;
Di Maio et al., 1997) and in hydrogeological
studies for local and regional groundwater in-
vestigations (Ogilvy et al., 1969; Coppola et al.,
1994; Loddo et al., 1996). In the latter investi-
gations, SP anomalies are mainly due to elec-

ENE

Fig. 3. Interpretative block-diagram of the studied area. 1 = Continental slope deposits; 2 = Galestri Formation;
3 = Calcari con Selce Formation; 4 = Faults and respective dip-slip components. Fault scarps in the ancient
breccias are N120° striking and show extensional kinematics. The architecture of the syntectonic deposits forming
N-8 trending ridges shows a deformation older than the extensional faults, which is linked to a stepover of the

N120° trending left-lateral strike-slip fault.
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Fig. 4. Location map of the geophysical surveys. 1 = Surface drainage lines; 2 = SP areal survey circuits;
3 = Spring; 4 = Trace of the electrical tomography profiles; 5 = Zero SP reference station.

trokinetic effects (Schiavone and Quarto, 1984:
Ernstson and Scherer, 1986) produced by the
movement of underground electrolytic waters
in porous media.

In this work a reconnaissance survey of the
SP field was performed with the aim of finding
indications on the structural discontinuities that
affect the area and on the local hydrogeological
system. Moreover, it may also furnish useful
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constrains for the interpretation of the electric
tomographies.

Figure 4 shows the topographic map of the
investigated area which reports the SP observa-
tion points and the electrical tomography pro-
files. The equipment for SP measurements con-
sisted of a pair of copper rod electrodes, spaced
20 m apart, connected via screened cables to a
high-impedance millivoltmeter.
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Potential horizontal gradients were measured
along closed loops and linked traverses, alter-
nating the leading and following electrodes (leap-
frog technique) to reduce cumulative errors due
to electrode polarisation. The SP values in the
measuring net were obtained adding individual
readings after attributing an SP arbitrary zero
value to a reference point in the area (black
starin fig. 4). Moreover, SP measurements were
corrected to compensale for accumulative errors
distributing linearly the closure errors along each
circuit. Finally, for a better visualization of the
SP anomalies, we subtracted from the potential
obtained in each point of the net the average
value of the whole set of SP data. The contour
map showing the distribution of the SP field is
given in fig. 5 with a contour interval of 50 mV.

As concerns the quantitative interpretation
of SP data, in recent years innovative methods
able to describe the spatial distribution of charge
accumulation phenomena in subsoil have been
proposed (e.g., Patella, 1997). However, in this
work a qualitative description of SP anomaly
ficld was carried out, the main objective of the
SP survey being devoted to characterising only
the main features of the circulation network of
the underground waters and supporting the re-
sistivity prospecting.

The SP contour map reveals a rather simple
pattern showing an evident long wavelength
NE-SW oriented dipolar SP field. In particular,
the relatively «negative» anomalous zone devel-
ops over the mountain slope, reaching around
—350 mV in magnitude, while the «positive» SP
values are superimposed on the slope deposits
to the foot of the ridge. This negative correlation
between SP and the topographic elevation,
known as «topographic effect», is often observed
in mountainous areas (Corwin and Hoover, 1979;
Hashimoto and Tanaka, 1993; Zlotnicki et al.,
1994) and is explained as due to a streaming
potential effect produced by steady-state fluid
flow caused by spatial variations in the eleva-
tion of the water table or to the percolation of
waterfall through the massif. Our measurements
show that the gradient of the SP versus topo-
graphic elevation is around —1 to — 10 mV/m,
according to that reported by the above authors.

Small negative and positive anomalies, rela-
tively to the surrounding potential values, are
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superimposed locally on the major anomalies,
probably caused by local electrokinetic phenom-
ena, geological noise, reading errors and so on.

Moreover, we can see a sharp transition from
negative to positive SP values along a NW-SE
oriented belt in close correspondence with the
orientation of the regional Plio-Quaternary
strike-slip fault system N 120° affecting the
area. Such steep gradients could be associated
with an enhanced electrokinetic activity in cor-
respondence of a deep highly permeable lault,
as recognized in surface by the geological sur-
vey and in depth by the analysis of the electrical
images discussed in the following section.

Another important feature is the presence of
a circular positive SP anomaly inside the arca
with negative SP values. The anomaly approxi-
mately shows a concentric pattern centred on
the spring located in the right hand of the inves-
tigated arca. This evidence indicates that the
anomaly probably is related to electrokinetic
effects due to the discharge of groundwater.
Generally, under the conditions of an ordinary
ground water, positive charges are carried with
fTuid flow and concentrated in the region where
the water ffow ascends. producing a positive SP
anomaly at the surfuce.

4. Electrical imaging survey

The electrical imaging or electrical resistiv-
ity tomography is a geoelectrical method, wide-
ly applied. to obtain a high-resolution image of
the subseil in areas of complex geology (Grif-
fiths and Barker, 1993; Dahlin, 1996; Cosenti-
no and Luzio, 1997). It has been shown to be
useful in a wide class of problems: in the
delineation of the structural setting in volcanic
areas (Di Maio et al., 1998), in investigating
coastal aquifer pollution (Frohlich et al., 1994),
in outlining hydrologic systems (Coppola ef al.,
1994) etc.

In this work we applicd the electrical imag-
ing technique to depict the local geological struc-
tures in the investigated area. A georesistivime-
ter system was used to obtain four resistivity
tomographies using a dipole-dipole array con-
figuration with electrode spacing of 20 m. Three
profiles were oriented with directions perpen-
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Fig. 5. 5P anomaly map in the Gulaino arca. The blue line indicates the trace of the SP profile reported in fig. 7.

dicular (AA’. BB’ and CC’) and one parallel
(DD’) to the slope (fig. 4).

The resistivity tomographies were obtained
applying the algorithm proposed by Loke and
Barker (1996), for the automatic 2D inversion
ol apparent resistivity data. The inversion rou-
tine is based on the smoothness constrained
least-squares inversion (Sasaki, 1992) imple-
mented by a quasi-Newton optimisation tech-
nique. The optimisation method adjusts the 2D
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resistivity model trying to reduce iteratively the
difference between the calculated and measured
apparent resistivity values. The Root-Mean-
Squared (RMS) error gives a measure ol this
difference.

Figure 0 reports the inverse model resistivity
section related to the electrical tomography car-
ried out along the AA", CC’, DD’ profiles, while
fig. 7 shows the tomography BB’ with the SP
profile, extracted from the SP map along the
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Fig. 7. Interpretative electric cross-section along the BB’ profile and SP profile extracted along the bluc line
reported in the SP anomaly map (fig. 4). 1 = Normal fault; 2 = Left-lateral strike-slip fault.

blue line of fig. 5. In all cases the number of

iterations was set to 5 with a RMS error less
then 15%.

All the electrical images show a remarkable
resistivity contrast between relatively high re-
sistivity zones (above 400-500 - m) and rela-
tively low resistivity sectors {(below 200-300
£2-m). The first could be associated to the com-
pact slope deposits with low permeability and
low content of water, while the second could be
related to the pre-Quaternary carbonatic base-
ment highly fractured and permeable with high
saturation degree, according to hydrologic stud-

417

ies. The estimated thickness of the slope depos-
its is extremely variable being controlled by the
fluctuation of the intensively fractured bedrock.
In any case, we note a thickening of the slope
deposits, even more than 50 m below the ground
surface, towards the valley as expected from the
geological analysis.

Moreover, we observe narrow vertical low
resistivity belts, in particular in image BB’, af-
fecting both rock formations that are interpreted
as structural lineaments along which explicated
the complex tectonic phases occurred in this
area. Spatial variation of the SP field along the
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profile BB’, extracted from the SP anomaly map,
exhibits anomalies of short wavelength as well
as a high potential gradient in close correspond-
ence with a low resistivity belt in the electrical
image. The SP profile shows a consistent increase
of nearly 200 mV in less than 50 m. The increase
ol the SP amplitude may relate to the upward
flow of groundwater along a preferential flow-
path created by a deep highly permeable fault.

It is worth noting that, close to the quarry,
the electrical image DD’ shows an uprising of
the bedrock, with estimated resistivities going
well below 50 Q-m, that reaches the surface
identitying a push-up structure, as observed di-
rectly in the quarry, and giving evidence of a
transpressional tectonic phase. Finally, combin-
ing the results of the geoelectrical survey with
geological evidence, we propose an interpreta-
tive section in fig. 7 in which the presence of
several faults and the existence of the push-up
structure is highlighted.

5. Comparative data analysis and conclusions

The integrated interpretation of geological
and geophysical data revealed the existence of a
strongly deformed pre-Quaternary bedrock and
of faulted and folded Quaternary deposits, The
intense fracturing of the bedrock is highlighted
by the presence of several low resistivity belts
observed in the electrical resistivity tomogra-
phics and by specific patterns on the SP contour
map that strongly resemble the near surface
water flow.

Geological and geophysical data allowed us
to define the existence of a left-lateral strike-slip
brittle shear zone that determined the folding of
the Pleistocene breccias and generated a posi-
tive push-up structure in the pre-Quaternary
bedrock (fig. 7). The area was subsequently in-
volved in the Quaternary extensional tectonics
that acted along the same faults. In this way, the
Quaternary coarse sediments and associated
palaeosoils were faulted and tilted mountain-
ward. The N120%-stricking faults represent re-
gional tectonic elements and were responsible
also for the Agri high valley structural setting,
being active with different kinematics during
several deformational stages.
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