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1. Introduction

The present research is part of a multidisci-
plinary approach to the study of the Scorciabuoi
Fault (Basilicata, Southern Italy) that affects the
outer portion of the Lucanian Apennines, close
to the boundary between the Apennine Chain

and the Bradanic Foredeep (fig. 1a,b). This
work is devoted to improving our knowledge
concerning the seismic hazard of the Val d’Agri
region. Although the whole area is character-
ized by a high seismic hazard (Gruppo di La-
voro, 2004), the principal seismotectonic pa-
rameters (position, length surface, geometry,
etc.) of the potential seismogenic structures are
not well defined (e.g., Valensise and Pantosti,
2001a,b; Valensise et al., 2003). Considering
this scenario, the seismotectonic characterisa-
tion of the Scorciabuoi Fault could play an im-
portant role in the seismic hazard assessment of
the broader region.

The principal aims of the multidisciplinary
study are i) a description and the quantification
of the Late Quaternary activity along the Scor-
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ciabuoi Fault and ii) an attempt to establish
whether the fault could represent an important
seismogenic structure in this sector of the Apen-
nines and, specifically its possible relations with
the 16 December 1857 (M 7.0) Great Neapolitan
earthquake (Mallet, 1862; Boschi et al., 2000).
Accordingly, we carried out 1) a geological and
structural investigation of the broader area, 2) a
detailed morphological analysis of the fluvial
terraces crossed by the fault, 3) numerical simu-
lations of the vertical movements associated
with the Scorciabuoi Fault and 4) a geoelectrical
resistivity survey focused on the central sector
of the fault. This paper presents the results of the
latter geophysical investigation which essential-
ly deal with aim (ii), while the Late Quaternary
activity is discussed in more detail by Caputo
and Salviulo (2005).

2. Geological framework

The Sant’Arcangelo marine basin repre-
sents the most recent piggy-back basin of the
Southern Apennines. It is located close to the
outer portion of the Lucanian Apennine Chain,
west of the Bradanic Foredeep. The Sant’Ar-
cangelo Basin developed on top of the al-
lochthonous units as a thrust-top basin during
the latest stages of the Apennines compression

and evolved, in the Early-Middle Pleistocene,
to a piggy-back basin (Pieri et al., 1994; Mona-
co et al., 1998). This evolution was controlled
by the rising of the Valsinni ridge that produced
a satellite basin separated from the Bradanic
Foredeep (Patacca and Scandone, 2001).

The basin shows a synform geometry and the
sedimentary infilling consists of a thick silico-
clastic sequence of Pliocene-Quaternary marine
and continental deposits characterised by a gen-
eral shallowing upwards trend. The youngest de-
posits are represented by the Middle Pleistocene
Serra Corneta Unit (Vezzani, 1967; Pieri et al.,
1994) and consist of conglomerates and sands.

According to Pieri et al. (1994), the strati-
graphic setting of the basin consists of four de-
positional sequences whose age is Late Plio-
cene-Middle Pleistocene. These sequences are
separated from one another by unconformities,
some of them being of clear syntectonic nature. 

The Scorciabuoi Fault is ca. 30 km long,
with a WNW-ESE trend and represents the
northern border of the Middle Pliocene-Middle
Pleistocene Sant’Arcangelo piggy-back basin
(figs. 1a,b and 2). The fault crosses the central
sector of the Sauro Valley, a major tributary of
the Agri River. Notwithstanding its young age,
the fault shows evidence of a double kinemat-
ics. Indeed, the structure formed in Early Pleis-
tocene time (Catalano et al., 1993; Pieri et al.,

Fig. 1a,b. a) Location map of the investigated area in the frame of the Southern Apennines, Italy. The box in (b)
indicates the area enlarged in fig. 2. Legend: 1 – clastic deposits of the Bradanic Foredeep (Pliocene-Quater-
nary); 2 – flysch deposits (Miocene); 3 – Lagonegro units (Lower Triassic-Middle Miocene); 4 – carbonate Apu-
lian platform (Mesozoic-Cenozoic); 5 – carbonate Campania-Lucania platform (Mesozoic-Cenozoic); 6 – thrust
faults; 7 – normal faults; 8 – strike-slip faults.

a b
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1994; Casciello, 2002; Patacca and Scandone,
2001) as an oblique-lateral ramp linked to the
Valsinni frontal-ramp anticline during the ma-
jor eastward thrusting. However, from 0.7-0.5
Ma onwards, the internal sectors of the Apen-
nines Chain have been affected by a general
(E)NE-(W)SW trending extension and the
Scorciabuoi Fault was inverted and reactivated
as a normal fault (Pieri et al., 1997).

Based on literature data and original field
mapping, the structural characteristics of the
Scorciabuoi Fault have been analysed in detail
and are more extensively described in Caputo
and Salviulo (2005). It is noteworthy that from a
structural point of view the fault can be clearly
recognised and mapped both northwest and
southeast of the Sauro Valley (fig. 2). In be-
tween, the Sauro Valley is mainly covered by
Middle pp-Late Quaternary (i.e. post-Serra Cor-
neta Unit) loose or poorly consolidated alluvial
deposits and no clear surface evidence of the
fault trace could be observed.

In this sector of the valley, four orders of
fluvial terraces and the corresponding alluvial
bodies were recognised (Caputo and Salviulo,
2005). In particular, within the investigation
site (Acinello plain; fig. 3a,b), the two most re-
cent terraces (T1 and T2) have been mapped,
while the geological substratum of the alluvial
cover is locally represented by the marly clays
of the Caliandro Cycle (Upper Pliocene).

In order to document the recent tectonic ac-
tivity of the Scorciabuoi Fault, we carried out a
geophysical survey based on the electrical re-
sistivity measurement of the surface sedimenta-
ry units across the possible fault trace. Indeed,
if the Scorciabuoi Fault is active and was re-ac-
tivated several times during the Late Pleis-
tocene and possibly the Holocene, a cumulative
and differential deformation of the terraced al-
luvial bodies has certainly occurred. Based on
this geophysical approach, the final aim of this
research is to document the occurrence of re-
cent linear morphogenic earthquakes that is ca-

Fig. 2. Simplified geological map of the Sauro Valley, Southern Apennines (Italy). See location in fig. 1b. Leg-
end: 1 – alluvial deposits (uppermost Pleistocene-Holocene); 2 – San Lorenzo Cycle (Middle Pleistocene; a:
silty claystones; b: conglomerates); 3 – Sauro Cycle (Early-Middle Pleistocene; a: conglomerates; b: sandstones;
c: silty claystones); 4 – Agri Cycle (Late Pliocene-Early Pleistocene): sandstones; 5 – Caliandro Cycle (Late
Pliocene; a: marly claystones; b: conglomerates and sandstones); 6 – Lower Pliocene Clays; 7 – pre-Pliocene
Units; 8 – bedding; 9 – normal fault (barbs on the downthrown side); 10 – strike-slip fault (Pliocene-Middle
Pleistocene kinematics); 11 – thrusts (triangles on the hanging-wall); 12 – syncline axis; 13 – anticline axis. The
box indicates the area enlarged in fig. 3a.
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pable of generating, or modifying, the surface
morphology instantaneously and permanently
as a consequence of the upward propagation of
a co-seismic displacement and its resulting
ground rupture (Caputo, 2005).

3. Electrical Resistivity Tomographies

Electrical Resistivity Tomography (ERT) is
an active geoelectrical prospecting technique
used to acquire 2D and 3D high-resolution im-

Fig. 3a,b. a) Simplified morphotectonic map of the Acinello site where the geophysical survey has been car-
ried out. The location of the seven ERTs is indicated. 1 – present-day alluvial terrace (T0); 2 – terrace T1; 3 –
terrace T2; 4 – terrace T3; 5 – terrace T4; 6 – Sauro Cycle deposits; 7 – Caliandro Cycle deposits; 8 – alluvial
cones (the colour indicates the relative age with respect to the terraces); 9 – inner edge of T0; 10 – inner edge
of T1; 11 – inner edge of T2; 12 – inner edge of T3; 13 – inner edge of T4; 14 – trace of the electrical resistiv-
ity tomographies; 15 – location of the bore-holes; 16 – location of the geological profiles shown in fig. 8. b)
Panoramic view (from south to north) of the investigated site.

a

b
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ages of the electrical resistivity pattern of the
subsurface (Griffiths and Barker, 1993; Loke
and Barker, 1996). This technique has been re-
cently and successfully used to solve a wide
range of geological problems, like the recogni-
tion of structural settings within volcanic areas
(Di Maio et al., 1998), monitoring of ground-
water pollution (Ogilvy et al., 1999), investiga-
tion of geological structures of the upper crust
(Giano et al., 2000; Storz et al., 2000; Suzuki 
et al., 2000; Caputo et al., 2003) and the identi-
fication of sliding surfaces in landslides (Gal-
lipoli et al., 2000; Lapenna et al., 2003, 2005).

Electrical resistivity measurements can be
acquired using different electrode configura-
tions (dipole-dipole, Wenner, pole-pole, Wen-
ner-Schlumberger, etc.) characterized by differ-
ent geometrical factors (k) defining the distribu-
tion of the electrodes (fig. 4). In 2D tomogra-
phies the energizing and receiving systems are
moving along a fixed profile and thus it is pos-
sible to describe the lateral and vertical varia-
tions of the apparent resistivity. The profile ac-

quisition can be entirely performed by a com-
puter programme that automatically determines
a 2D resistivity model of the subsurface (pseu-
do-section) based on the data obtained from
electrical imaging surveys (Griffiths and Bark-
er, 1993). Note that this model is characterized
by apparent resistivity values, because the pro-
gram defines only a theoretical distribution of
the resistivity in the ground.

As a second step, pseudo-sections need to be
inverted in real resistivity values. The 2D resistiv-
ity model used by the inversion programme con-
sists of a number of rectangular blocks whose
arrangement is loosely tied to the distribution of
the data points in the pseudo-section. The distri-
bution and size of the blocks mimic the distribu-
tion of the data points measured in the field. The
deepest line of blocks is assumed equal to the
equivalent depth of investigation of the data
points with the largest electrode spacing (Ed-
wards, 1977). The inversion routine generally
used is a non-linear least-square quasi-Newton
optimisation technique (deGroot-Helding and
Constable, 1990; Loke and Barker, 1996). The
optimisation procedure fixes the 2D resistivity
model using an iterative process to reduce the dif-
ference between calculated and measured appar-
ent resistivity values. The inversion programme
also provides the corresponding RMS error, giv-
ing a measure of the reliability of the final result.

During the geophysical study of the Scorcia-
buoi Fault, seven profiles were acquired so that
different tomographies could be prepared. Each
resistivity profile was carried out with two differ-
ent electrode settings: the dipole-dipole array and
the Wenner-Schlumberger array (fig. 4). Note that
this research also represents an attempt to test
these techniques when applied to geological con-
ditions like the investigated one, characterised by
horizontal bodies (viz. alluvial deposits) and a
subvertical discontinuity (viz. fault). For the di-
pole-dipole array (fig. 4), the spacing between the
current electrodes pair (A-B) and the potential
electrodes pair (M-N) is the same and equal to a.
The factor n is the ratio between the distance of
the B-M electrodes and a. For surveys with this
array, the length of a is initially kept fixed at the
smallest unit electrode spacing, while n is pro-
gressively increased from 1 to about 6 in order to
increase the depth of investigation. 

Fig. 4. The two electrodes arrays used in the geo-
electrical investigation.
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The Wenner-Schlumberger array (fig. 4) is a
new hybrid method, mixing both Wenner and
Schlumberger arrays. The n factor for this array
corresponds to the ratio between the distance of
the B-N (or M-A) electrodes and the spacing
between the M-N potential electrodes pair.

The basic difference between the dipole-di-
pole and the Wenner-Schlumberger arrays is in
the principal direction of sensitivity. The former
detects small horizontal changes in resistivity,
but it is relatively insensitive to vertical changes
in the resistivity. In contrast, the second array is
moderately sensitive to both horizontal and ver-
tical structures. Accordingly, the dipole-dipole

array is powerful for mapping vertical struc-
tures such as faults, dykes and cavities, but a
relatively weak method for mapping horizontal
structures like sills or layering.

4. ERTs at Acinello site

At the Acinello site, the location of the elec-
trical tomographies was preliminarily determined
on the basis of the likely trace of the Scorciabuoi
Fault across the Late Quaternary alluvial deposits
of the Sauro Valley (figs. 2 and 3a,b). Seven par-
allel tomographies have been oriented roughly

Fig. 5. The two stratigraphic boreholes used to calibrate the electrical resistivity tomographies. For location see
fig. 3a,b. Fn – alluvial body associated with terrace Tn; Cn – alluvial cone associated with the fluvial body Fn; Pl
– Pliocene marls-clays of the Caliandro Cycle.
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perpendicular to the possible fault trace and car-
ried out using a multi-electrode system with 32
electrodes. Five profiles were characterized by 5
m electrode spacing, the remaining two by a 10 m
inter-electrode distance. The two types of profiles
are 155 and 310 m long, respectively. Obviously,
resolution is higher in the former (Loke, 2001;
Caputo et al., 2003), while the depth of investiga-
tion is greater in the latter. To validate the whole
procedure and the results obtained, one of the to-
mographies (ERT1) was deliberately located out-
side the likely fault trace (fig. 3a). The remaining
six profiles were carried out as three pairs of to-
mographies at 50 m (ERT2-ERT3) and 25 m dis-
tance (ERT4-ERT5 and ERT6-ERT7), for the 10
and 5 m inter-electrode spacing, respectively (fig.
3a). Although the inversion method provides
RMS values, the selected technique to repeat the
profiles at relatively short distance is probably the
best way to test the reliability of the obtained re-
sults (Caputo et al., 2003).

For the geoelectrical survey, we used the
Georesistivimeter Syscal R2 of Iris Instruments,
while we carried out the subsequent data inver-
sion with the RES2DINV software (Loke and
Barker, 1996).

Measured resistivities in all seven tomogra-
phies are within a range of low absolute values
(ca. 5-150 Ωm), therefore in good agreement
with the lithological characteristics of the allu-
vial deposits of the plain. In particular, the low-
est resistivity values correspond to clays or
argillaceous-silty deposits, while the highest
measured resistivity values are associated with
sand-conglomerate alluvial bodies. In this re-
gard, by using the stratigraphic sequence shown
in two boreholes drilled on the two sides of the
fault trace near our tomographies (fig. 3a), it is
possible to calibrate the results of the geophys-
ical survey and to directly correlate resistivity
values with the lithostratigraphic characteris-
tics. The detailed lithostratigraphic column of
the two boreholes, with a brief description of
the drilled deposits, is represented in fig. 5.

5. Discussion

The tomographies acquired with the dipole-
dipole array are potentially more meaningful

for the purpose of the present research devoted
to identifying the recent morphogenic activity
of the Scorciabuoi Fault. The resistivity pat-
terns obtained with the Wenner-Schlumberger
array are generally more flattened and therefore
the resulting tomographies do not facilitate the
subsurface interpretation and the characteriza-
tion of the subvertical discontinuity (viz. fault).
Accordingly, in the following discussion we fo-
cus on the dipole-dipole tomographies and the
consequent geological interpretation is mainly
based on this geophysical method. The seven
tomographies carried out across the Scorcia-
buoi Fault are shown in fig. 6, while the corre-
sponding geological interpretations based on i)
the distribution of the resistivity bodies, ii) the
lithostratigraphic columns obtained from the
boreholes (fig. 5) and iii) the surface geology
(figs. 2 and 3a,b) are represented in fig. 7.

Six out of the seven sections (ERT2 to ERT7;
figs. 6 and 7) clearly show the occurrence of a
lateral discontinuity exactly at the intersection
with the likely trace of the Scorciabuoi Fault. In
these sections, at a depth of 15-20 m from the
surface, a relatively high-conductive body (< ca.
15 Ωm) occurs in the footwall block and it is re-
ferred to the uplifted pelitic unit of the Calian-
dro Cycle (Upper Pliocene; Pl in figs. 6 and 7).
This conductive body does not continue south-
westwards (viz. hanging-wall block) and in the
deeper tomographies (ERT2 and ERT3) its
abrupt termination is quite evident. Both sur-
face data (fig. 3a,b) and the stratigraphic infor-
mation available from the boreholes (fig. 5) un-
ambiguously confirm the occurrence at depth of
the grey-light blue cohesive marly clays be-
longing to the Caliandro Cycle. The subsurface
data also clearly emphasise the difference in
depth of the top erosional surface of this forma-
tion (fig. 5).

In the same six tomographies and overlying
the Pl unit, there is a second horizontal electri-
cal body characterised by resistivity values be-
tween 15 and 50 Ωm. This electrical unit is in-
terpreted as the alluvial body associated with
the fluvial terrace 2 (respectively F2 and T2 in
figs. 3a,b, 6 and 7). Also in this case, it is pos-
sible to observe a sharp lateral thickness varia-
tion, from 10-15 m in the northeastern sector to
30+ m in the southwestern sector. The top of
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this unit (surface T2) is also slightly down-
thrown in the southwestern block (i.e. hanging-
wall).

In the four southeastern tomographies
(ERT4 to ERT7; fig. 6), a third and younger
electrical unit characterised by the locally high-
est resistivity values (>50-60 Ωm) can be also
recognised. Its thickness varies between 10-15
m, to the NE, and 15-20 m, to the SW. Similar
to the underlying unit, though less important,
the thickness variation seems to occur in corre-
spondence with the fault intersection. Based on
surface data, this electrical unit represents the
alluvial body associated with the lowest fluvial
terrace (respectively F1 and T1 in figs. 3a,b, 6
and 7).

Close to the inner-edge of the terraced sur-
face T1 (ERT4 and ERT5; fig. 3a,b), unit F1 is
partly overlain by a relatively more conductive
thin layer (2-3 m) of colluvial-alluvial deposits
probably washed out from the nearby morpho-
logical scarp and/or from the alluvial cones fed
by the northern slope (C1 in fig. 3a,b). Indeed,
higher conductivity values characterising the
alluvial cones are also well documented in the
three westernmost tomographies (ERT1 to
ERT3; figs. 3a,b and 6), where southwest of the
fault trace it is possible to observe a 10-15 m
thick unit (<ca. 15 Ωm). As expected, this unit
progressively thickens northwest (compare
ERT2-3 with ERT1), that is towards the source
area of the alluvial cone. This electrical unit

Fig. 8. Geological profiles parallel to the Scorciabuoi Fault and running immediately SW (A-Al) and NE (B-
Bl) of the fault trace across the Sauro Valley. Profiles location is in fig. 3a,b, while symbols are as in fig. 5. The
two upper profiles have a vertical exaggeration of 3:1, while the below ones are the same shown with no verti-
cal exaggeration.
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was also drilled by borehole A, whose strati-
graphic column clearly documents the occur-
rence of clays and silty clays with pebbles up to
a depth of ca. 10 m (fig. 5). This material like-
ly represents the two superposed alluvial cones
C2 and C1, though the applied geophysical
method does not allow to separate them be-
cause of the similar resistivity behaviour.

As mentioned above, to validate the results,
we carried out one profile entirely located off
the fault trace (ERT1; fig. 3a,b). As expected,
this tomography does not show any significant
lateral discontinuity or any lateral variation in
resistivity. In contrast, a regular horizontal dis-
tribution of the resistivity layering can be ob-
served with the separation of two electrical
units. In particular, the first layer corresponds
to the sediments belonging to the superposed
alluvial cones C2 and C1, characterised by low
resistivity values (< ca. 15 Ωm), while the sec-
ond layer shows a relatively higher resistivity
and this unit likely corresponds to the alluvial
body associated with the fluvial terrace 3 (re-
spectively F3 and T3 in figs. 3a,b, 6 and 7).
This interpretation is confirmed by borehole A
(fig. 5), where at a depth of about 10 m, the
boundary between the conductive and poorly
sorted alluvial cone deposits (C1 and C2) and
the mainly sandy-conglomerate alluvial sedi-
ments (F3) overlying the marly clays of the
Caliandro Cycle can be observed (Upper Plio-
cene; Pl in fig. 5).

As a final comment, the RMS values ob-
tained from the numerical inversion are satis-
factorily low in all seven tomographies, with
values below 5.2, in the shorter ones, and
around 10, in the longer ones characterised by a
greater inter-electrode distance (viz. uncertain-
ty). The overall picture confirms the reliability
of the obtained result.

The alternative hypothesis that the lateral
variation observed in the ERTs, and particular-
ly the disappearance of the Upper Pliocene de-
posits southwest of the fault trace, is due to an
erosional scarp that was filled during Late
Pleistocene is unlikely. This is due to the high
erodibility of the marls-clays of the Caliandro
Cycle, as easily observed in surrounding out-
crops, which could not generate similar ero-
sional scarps standing, with an high-angle slope

and tens of meters high, for tens of ka before
their complete burial under the overlapping flu-
vial sediments. Moreover, the top surface of the
subsequent fluvial bodies that covered this hy-
pothetical erosional feature should have a flat
morphology as a consequence of the alluvial
depositional mechanism. Such morphology is
not observed in our tomographies, at least as
concerns terrace T2 (figs. 6 and 7).

On the other hand, based on the subsurface
(ERTs and boreholes; figs. 5 and 6) and surface
(fig. 3a,b) data, two geological profiles running
close, parallel and on the two sides of the fault
trace (fig. 8) help shed light on the role played
by the Scorciabuoi Fault during the Late Qua-
ternary evolution of the Sauro valley. In the
northeastern profile (i.e. footwall block), the
different terraced surfaces show large altimetric
differences, while in the southwestern profile
(hanging-wall block), the three younger ter-
raced surfaces (T1-T3) have closer altitudes.
Accordingly, the different distribution of the
recognised alluvial bodies and terraces suggests
that the locally induced tectonic subsidence al-
most compensated the regional uplift, therefore
confirming the importance of the fault as a Late
Quaternary morphogenic structure.

6. Concluding remarks

The analysis of the results obtained from the
geoelectrical survey and their geological inter-
pretation clearly documents the Late Quater-
nary activity of the Scorciabuoi Fault for the
first time. In particular, the six tomographies
crossing the fault trace provide evidence of a
linear morphogenic activity, which was synsed-
imentary with the formation of the Upper Pleis-
tocene terraced alluvial deposits observed along
the Sauro valley. Indeed, the younger is the af-
fected sedimentary unit, the smaller is the
amount of observed displacement (figs. 6 and
7). For example, the base of unit F2 underwent
more than 25-30 m of down-dip slip, while this
value drops to less than 10 m for the top of the
same unit (ERT2-ERT3; figs. 6 and 7). Also, the
youngest observed alluvial body F1 shows a
few metres of displacement at the base, while
the top surface seems to be almost unaffected,
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at least within the available resolution of the
geoelectrical investigation method (ERT4 to
ERT7; figs. 6 and 7).

If the trace of the Scorciabuoi Fault across
the Sauro Valley was only hypothetical before
this study, another important outcome of the
present research is the possibility to have exact-
ly located it within the alluvial plain. This infor-
mation will be crucial for palaeoseismological
investigations, the only methodological ap-
proach that could definitely document the oc-
currence of Holocene morphogenic earth-
quakes and possibly verify whether the Scorcia-
buoi Fault was reactivated during the 1857 Val
d’Agri earthquake.

Whatever the case, our results show the oc-
currence of recent (Late Pleistocene at least) re-
activations of the Scorciabuoi Fault. If future
earthquakes will reactivate the entire fault
length (ca. 30 km), the associated magnitude
could range between 6.7 and 6.9 (Pavlides and
Caputo, 2004) and the seismic potential will be
significant. Accordingly, the seismic hazard in-
duced by the Scorciabuoi Fault is not negligible
and further research should be devoted to a
quantitative assessment.
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