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Abstract. In this paper we present the result of a magnetotel-
luric (MT) investigation carried out across the High Agri Val-
ley (HAV), southern Italy. Several MT soundings were car-
ried out in order to obtain a ~ 15 km long 2-D resistivity
model with an investigation depth of ~ 10 km. The main aim
was to provide valuable data on the geological and structural
setting of the HAV. The MT model was compared with pre-
existing geological, geophysical and seismic data. The MT
model can be schematized as a superposition of three stack
lateral varying layers with different thickness and resistiv-
ity values: a surficial low—medium resistivity layer associ-
ated with the Quaternary deposits and to the allochthonous
units; and a deeper high resistivity layer related to the Apulia
Platform, separated by a thin layer connected to the mélange
zone and to the Pliocene terrigenous marine deposits. Sharp
lateral resistivity variations are interpreted as faults that, on
the basis of accurate focal mechanism computations, display
normal-faulting kinematics.

1 Introduction

The High Agri Valley (HAV, Basilicata region, southern
Italy) is an intermontane basin of the southern Apennine
chain characterized by complex geological setting and by
active tectonics, as testified by one of the most destructive
earthquakes in this area, the M7.0 1857 Basilicata earth-
quake (Fig. 1). Furthermore, in the last years it has been
exposed to intense hydrocarbon exploration and extraction,
representing the largest onshore Western European oil field.

Although a huge amount of geophysical data were collected
in the area, a discrepancy has to be reported between the
availability of information related to the shallow geological
structures and to the deeper ones. The surficial geological
and structural setting (up to few hundred metres of depth)
is in fact well described in several geological and geophysi-
cal studies (Giano et al., 2000a; Cello et al., 2003; Colella et
al., 2004; Morandi and Ceragioli, 2002, Rizzo et al., 2004),
while information on the deep structure of the valley, where
the oil reservoirs are located, is generally kept confidential.

Among the few papers dealing with the deep structure of
the HAV, it is worth mentioning Nicolai and Gambini (2007)
and Valoroso et al. (2011). The first paper shows the regional
structural setting as inferred by industry seismic profiles and
oil wells; the second one presents the results of a local earth-
quake tomography related to the 3-D Vp and Vp/Vs distri-
bution of the HAV. Additional information can be retrieved
in Dell’ Aversana (2003). This work, even if it is missing
of crucial information like the exact location of the survey,
shows (even though with low-resolution images) the result
of a magnetotelluric (MT) investigation performed by an oil
company along a profile crossing the HAV.

Generally, MT investigations can play a key role in the
study of geological and structural setting by furnishing com-
plementary results of seismic exploration, especially in such
geologically complex areas where the quality of standard
seismic is often poor. The MT technique permits us to obtain
the distribution of the electrical resistivity from the subsur-
face up to seismogenic depth, avoiding the technical prob-
lems and high cost of generating artificial seismic signals.
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Furthermore, the electrical resistivity is correlated with the
major geological units and, in particular, is dominated by
their porosity and the contained fluids. Such MT method pe-
culiarity has been proven in a broad range of applications
regarding the studies of the Earth’s interior, playing a crucial
role in the characterization of faulted areas both in volcanic
(Di Maio et al., 1998; Siniscalchi et al., 2012) and seismic
environments (Tank et al., 2005; Bedrosian, 2007; Diaferia
et al., 2008; Balasco et al., 2011; Becken and Ritter, 2012;
Gabas et al., 2014).

In this paper we present the result of a MT investigation in
order to give further information helpful to understanding the
geological and structural setting of the HAV. The obtained
MT model was compared with seismic tomographies con-
ducted in the study area (Valoroso et al., 2009, 2011), with
deep geological sections proposed by several authors (Maz-
zoli et al., 2001; Borraccini et al., 2002; Shiner et al., 2004)
and with the seismicity recorded by a local seismic network
from January 2002 to December 2012. The interpretation of
the MT model can resolve some outstanding issues, like the
depth of the bedrock below the Quaternary deposits and the
deep geometrical characterization of the faults.

2 Geological framework

The High Agri Valley is a NW-SE trending intermontane
basin formed during the Quaternary period along the axial
zone of the Southern Apennines thrust belt chain (Fig. 1a).
This basin is ~30km long and 12km wide and is filled
with Quaternary continental deposits which cover down-
thrown pre-Quaternary substratum of the Apennines Chain.
The Quaternary deposits (QD) are essentially Lower-Middle
Pleistocene talus breccia (Brecce di Marsico, Di Niro and
Giano, 1995), Middle-Upper Pleistocene alluvial-lacustrine
sediments (Complesso Val d’Agri, Di Niro et al., 1992)
and Upper Pleistocene—Holocene alluvial deposits. The pre-
Quaternary substratum of the HAV consists of allochthonous
units on the 6-7 km thick Mesozoic—Tertiary carbonate se-
quence of the Apulia Carbonate Platform (AP), which is
stratigraphically overlain by Pliocene terrigenous marine
deposits (TM). The allochthonous units are comprised of
the Mesozoic—-Cenozoic shallow-water and slope carbonates
(Campania-Lucania Platform), mainly outcropping along the
western side of the basin, and of the coeval pelagic suc-
cessions (Lagonegro units, LU; Scandone, 1967) and their
Tertiary siliciclastic sediments (e.g. Gorgoglione Flysch, Al-
bidona Formation). Rocks of the LU crop out mainly along
the eastern flank of the valley and in sparse tectonic win-
dows beneath the Monti della Maddalena thrust sheet on the
western side. Geophysical investigation and deep well logs
show that in HAV the top of the AP is between 2 and 4km
below sea level (Dell’Aversana, 2003) (Fig. 1b). Effective
decoupling between the allochthon and the buried AP is re-
lated to the rheological contrast produced by a mélange zone
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(M), which is generally several hundreds of metres thick and
locally exceeding 1km in thickness (Fig. 1b) (Mazzoli et
al., 2001; Shiner et al., 2004).

Brittle tectonics have strongly controlled the formation
and evolution of the HAV. The deformation is testified by
seismic activity and by loose slope deposits and paleosols in-
volved in faulting in the last 40 kyr (Giano et al., 20003, b;
D’Addezio et al., 2006). The HAV was hit by the M7.0 1857
Basilicata earthquake (Branno et al., 1985), whose macro-
seismic field covered a wide sector of the Southern Apen-
nines chain. So far, conflicting seismogenic models for the
HAV are discussed in the recent literature. In particular, the
seismogenic fault system capable of producing large events is
alternatively associated with (1) the Eastern Agri Fault Sys-
tem (EAFS), a NW-trending, SW-dipping normal-fault sys-
tem bounding the eastern side of the basin and characterized
by a mature geomorphic expression (Benedetti et al., 1998;
Cello and Mazzoli, 1999; Michetti et al., 2000; Cello et
al., 2000, 2003; Giano et al., 2000a, b; Barchi et al., 2007);
and (2) the Monti della Maddalena Fault System (MMFS), a
NW-trending, NE-dipping normal-fault system cross-cutting
the mountain range to the west and characterized by a subtle
geomorphic expression (Pantosti and Valensise, 1990; Mas-
chio et al., 2005; Burrato and Valensise, 2007; Improta et
al., 2010). In addition, Borraccini et al. (2002) propose a
decoupling among most of the surface faults, which appear
rooted within the M, and deeper faults in AP. Thus, they sup-
posed that the most probable deep structure responsible for
the development of the active fault system in HAV is a NW-
striking and SW-dipping fault buried in the AP just below the
central part of the valley floor.

3 Magnetotelluric data

In September 2007 a broad-band MT investigation, consist-
ing of 12 soundings, was collected using 24 bit A/D acqui-
sition systems (MT24LF, EMI-Schlumberger). The sound-
ings were aligned along a 15 km long NE-SW profile, which
extends approximately from Magorno to Viggiano, crossing
whole HAV (Fig. 1). Taking into account the strike of the re-
gional geological brittle structures, the x component of elec-
tric and magnetic fields was collected in the 135° N direction,
whereas the y component was oriented along the 45° N di-
rection. The electrical configuration and electrode lines were
based on the availability of space, preferring a “double L”
configuration in which two electric dipoles were laid end
to end in the SW-NE or NW-SE directions. The presence
of surficial and very small-scale conductivity anomalies (re-
spect of skin depth of the electromagnetic waves) can cause a
shift between the two components of the apparent resistivity
curves. When a very small inhomogeneous body is localized
just below the sounding, the static shift might affect only one
of the two double components. The “double L configuration
of the electric lines allows us to obtain a simultaneous acqui-
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Figure 1. (a) Morphostructural map of the High Agri Valley (HAV) showing the main Quaternary fault systems and the location of the
magnetotelluric soundings (modified from Giocoli et al., 2015). (b) Stratigraphic log of the Costa Molina 2 well (modified from Stabile et

al., 2014b).

sition of two adjoining soundings (two soundings along the
xy or the yx direction, depending on the availability of space
at the several sites). It could be possible to recognize and
partially remove these effects by comparing two adjoining
soundings; in fact, in the same site and along the same com-
ponents, no very large changes on the shape of the curves are
expected (Bedrosian et al., 2004).

The electric field (E) was measured by recording the
voltage variation versus time between a pair of grounded
Pb/PbCI, unpolarizable electrodes, distant maximum 100 m
apart. The magnetic field was collected by induction coils
able to detect the electromagnetic natural field (H) in the
0.0001-1000 Hz frequency range. At each sounding the elec-
tric (E,, Ey) and magnetic components (H,, H,) were
recorded. The data acquired were generally of good quality;

www.nat-hazards-earth-syst-sci.net/15/843/2015/

when necessary after a visual inspection, the bad data were
removed from the time series.

The sampling frequency of data recording was set to
6.25Hz (low frequency, LF) and to 500 Hz (high frequency,
HF). The acquisitions length (at least 24 and 2 h respectively
for LF and HF events) was chosen in order to obtain reli-
able stability of the measures (Balasco et al., 2004). Further-
more, to avoid cultural noise, HF events were launched dur-
ing night-time.

Time series data were analyzed using the robust processing
code of Egbert (1997) to compute the MT transfer function.
From the acquired time series, divided into short time win-
dows and Fourier transformed, the apparent resistivity and
phase were obtained in the period range 0.01-240s.

Considering the relative small spacing among the stations
(~ 1 km), strong variations between neighbourhood sites and
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long-period data are unexpected unless distortion or galvanic
effects take place. Galvanic effects (also known as “static
shift” effects) can be easily recognized, whereas long-period
phase curves do not change significantly from site to site, but
strong and broad period range resistivity variations are ob-
served. Before inverting the MT data, the possible presence
of static shift was discriminated and resolved by comparing
(i) for each site the two sets of MT curves resulting from the
“double L” acquisition configuration and (ii) resistivity and
phase curves related to neighbourhood sites.

As mentioned before, the data presented in this work have
been acquired along a transect crossing the main geological
features of the HAV (~ N120-N150). The choice to record
the magnetic and the electric fields along directions differ-
ent from the common ones (N-S and E-W) was made in
order to limit the data manipulation necessary to perform
the inversion of the data as much as possible. Excluding
the application of a 1-D inversion scheme, it is necessary
(i) to assess whether or not a 2-D inversion scheme is com-
patible with the structure dimensionality indicated by the
data, (ii) to estimate the geoelectrical strike and then (iii) to
undistort/decompose the MT data in a reference frame com-
patible with the retrieved strike direction. To perform these
operations, several methods are nowadays available; among
them it is worth mentioning those proposed by Swift (1967),
Groom and Bailey (1989), Mc Neice and Jones (2001) and
Weaver et al. (2000).

From geological information, it is well known that the
HAV has a complex geological framework where a unique
geological/geoelectrical strike cannot be defined. Ranging
from the surface to the deep at least two main different strike
direction can be found: the first one, N30° W, reflects the ori-
entation of the intermontane basin, while the second one,
N60° W, is related to the regional strike (Apennine chain).
Being interested in the study of the deep structure of the val-
ley, it is clear that the use of a N45° oriented reference frame
represents a compromise between the surficial and deep geo-
logical strike direction with the main advantage of limiting
distortion effects on the data and avoiding rotation opera-
tions.

In the present work the dimensionality analysis has been
performed by means of the WAL procedure (Weaver et
al., 2000) modified after Marti et al. (2004). This procedure
consists of characterizing the MT response as function of
seven invariants from which it is also possible to retrieve in-
formation about the dimensionality of the investigated struc-
tures. The possible dimensionality analysis outputs are 1-D,
2-D, 2-D distorted (in three different ways), 3-D and undeter-
mined; the last case indicates the impossibility of retrieving
the dimensionality from the data.

The retrieved dimensionality for the sounding is shown
in Fig. 2. For short periods, the dimensionality is mainly 2-
D/2-D-distorted. Increasing the period, the presence of 3-D
features is relevant. The undetermined status that can be ob-
served especially from the longest periods may result from
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Figure 2. Dimensionality cases for all soundings at each period.

a combination of factors such as, for example, an insuffi-
ciently long time series used to obtain the MT estimate and
large error bars associated with the estimates. Considering
the overall results of the WAL analysis, a 2-D inversion strat-
egy can be adopted. The geoelectrical strike direction, recov-
ered when the output of WAL analysis is 2-D/2-D-distorted,
is generally not uniform in the period or along the transect;
nevertheless, a dominant N45° orientation was recovered for
the long period.

The apparent resistivity and phase data (TM and TE
modes) of the profile were hence inverted singularly and si-
multaneously by using the non-linear conjugate 2-D inver-
sion algorithm developed by Rodi and Mackie (2001). This
algorithm finds the smoothest resistivity model (Tikhonov
regularization) that fits the data. A regularization parameter
7 controls the trade-off between the quality of the fit and the
smoothness of the model. The optimum t value represents
a compromise between the data fit and the model smooth-
ness (see e.g. Bedrosian et al., 2004). Several inversion tests
were performed using different values for the regularization
parameter t.

In general when inverting only the TE mode, the magnetic
(H,) and the electric (Ey) components, parallel and normal
to geoelectrical strike respectively, are continuous with re-
spect to the interface and related exclusively by inductive ef-
fects; furthermore, TE mode is less affected by static shift
problems. Thin conductor layers parallel to geological strike
can be resolved well by the TE mode, but depth resolution is
limited. Contrarily, inverting only TM mode in the 2-D ap-
proximation can obtain a better sensitivity to lateral conduc-
tivity variation and to the deep. With this in mind and consid-
ering that, as widely reported in literature (i.e. Berdichevsky
and Dmitriev, 2008), TM and TE modes complement each
other, we preferred to invert them simultaneously.
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Figure 3. Normalized RMS versus roughness of the models after
30 iterations for different values of the regularization parameter .

As a starting model, a homogeneous half-space with a re-
sistivity of 25 m was used. The edge effects were avoided
by keeping the mesh large. To choose the optimum 2-D in-
version model, a trade-off curve (i.e. L curve) was estimated
(Fig. 3) by plotting roughness against RMS data misfit for
models with a range of smoothing parameters. The location
of maximum curvature on an L curve balances the oppos-
ing requirements for a spatially smooth model that honours
the measured data by achieving an acceptably low data mis-
fit (Hansen et al., 1992). Inspection of the L curve (Fig. 3)
reveals that the maximum curvature occurs for t = 10. An-
alyzing the different output models for each different tau
and considering the geological complexity of the investi-
gated area and the scarcity of available data on deep geo-
logical structures, we preferred to show, on a purely precau-
tionary measure, a final smoother model with ¢ =30. The
MT model of the area was obtained after 45 iterations with
a RMS data misfit of 6.5%; Fig. 4 shows the comparison
between observed and calculated pseudosections, while the
final model is presented in Fig. 5. Furthermore, additional
information on the fit between raw data (observed data) and
the model responses (calculated data) for electrical resistiv-
ity and phase for both modes are reported in Fig. S1 in the
Supplement. The model resistivity values range from 10 to
about 10 000 2m, and it is possible to recognize the presence
of three main layers in depth (A, B and C), the thickness of
which notably varies from SW to NE.
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4 Seismicity data

We collected the seismicity recorded in HAV by the local
seismic network owned by the company Eni (in operation
since July 2001) from January 2002 to December 2012 (the
data set is available at the Osservatorio Ambientale della
Val d’Agri, Basilicata region, southern Italy). The waveform
data set has been enriched with recordings extracted from the
Italian Seismological Instrumental and Parametric Data-Base
(IS1De, http://iside.rm.ingv.it), available since 16 April 2005.

Absolute locations were performed using a non-linear
global approach (NonLinLoc; Lomax et al., 2000) in the 1-D
velocity model of the area proposed by Valoroso et al. (2009).
Following Stabile et al. (2014a), after a first location we relo-
cated the events using station corrections obtained in the first
step, and we repeated this processing until the difference be-
tween two consecutive iterations was negligible. Most of the
1185 events are located near Pertusillo reservoir and are as-
cribed to the presence of the Pertusillo dam and to the waste-
water injection into the Costa Molina 2 well (Valoroso et al.,
2009; Stabile et al., 2014a, 2014b). Therefore, we selected
those (22 events, see Table 1) within 2.5 km distance from the
MT profile and with vertical and horizontal location errors
less than 1.5 km that are related to natural seismicity in the
HAV. Moreover, we determined the focal mechanisms (FP-
FIT code; Reasenberg and Oppenheimer, 1985) of events for
which eight or more P wave first-motion polarities with at
least two compressions and two dilatations are available, and
we considered only fault plane solutions with an error less
than 10° of the three fault plane angles. In Fig. 7 we show
the projection along the MT model of seismicity and the fo-
cal mechanisms for two events (events 9 and 12, highlighted
in bold in Table 1) represented with red stars. In particular,
they show predominantly normal-faulting kinematics (event
9: strikel (2) = 314° (103°), dipl (2) =56° (38°), rakel (2)
= —72° (—115°); event 12: strikel (2) = 309° (107°), dipl
(2) =54° (38°), rakel (2) = —76° (—108°)), where num-
bers 1 and 2 indicate the two fault plane solutions.

5 Results and interpretation

The interpretation of the MT model presented in this study
is based on a series of surface geology (Fig. 1), published
subsurface data across the HAV (e.g. stratigraphic log of the
Costa Molina 2 well in Fig. 1b), deep geological sections pro-
posed by Mazzoli et al. (2001) and Borraccini et al. (2002)
and the geophysical model shown by Dell’ Aversana (2003),
Valoroso et al. (2011) and Nicolai and Gambini (2007).

The MT model can be schematized as a superposition of
three-piled lateral varying layers with different thickness and
resistivity values (see Fig. 5).

The surficial layer (A in Fig. 5) shows a higher variabil-
ity of resistivity values (10-250 2 m) and thickness between
1.1 and about 3.5 km. It is related to the Quaternary deposits
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Figure 5. MT resistivity model obtained by joint inversion of TE
and TM modes. A, B and C define the variability range of resistivity
of the main features well-rendered in the model.

and to the allochthonous units (Fig. 6). In agreement with
the surface geology (Fig. 1), the higher resistivity values (50—
250 ©2m) of the surficial layer can be attributed to the carbon-
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ates of the Campania Lucanian Platform, whereas the lower
resistivity values (< 50 £2m) can be associated with the QD
and to the pelagic successions of the Lagonegro units. In par-
ticular, the valley floor (between 6.5 and 10 km) is marked by
a ~ 1 km thick low-resistivity zone, which is associated with
the QD.

The intermediate layer (B in Fig. 5) of medium resistiv-
ity values (40-110 2m) is associated prevalently with the
mélange zone and to the Pliocene terrigenous marine de-
posits (Fig. 6). Such association is justified by the lack of
any clear lateral discontinuity that can be attributed to the
chaotic mixing of different sediments and rocks. The B layer
is several hundred metres thick and locally exceeds 1km
in thickness just as reported in the stratigraphic log of the
Costa Molina 2 well (Fig. 1b) and in the literature (Mazzoli
et al., 2001).

The lower layer (C in Fig. 5) of higher resistivity values
(>1102m) is related to the Mesozoic-Tertiary carbonate
sequence of the Apulia Platform (Fig. 6).

The M-TM/AP boundary (dashed line in Fig. 6) is de-
fined with a moderately high level of confidence based on
the high resistivity contrast between M-TM and AP. Some
uncertainty on the geometry of the LU-M boundary (dotted
line in Fig. 6) arises from the fact that LU, especially in the

www.nat-hazards-earth-syst-sci.net/15/843/2015/
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Table 1. Events selected in this study. Focal mechanism has been computed for events highlighted in bold. The magnitude estimation has
been retrieved from INGV catalogues, when available.

Event no. Data event  Origin time X Z EmX EmZz Long Lat Mag
(km) (E) N)
1 31 Jul 2001 14:24:43 9.07 10.31 13 1.0 15.8058  40.3843 -
2 2 Sep 2002 13:08:07 6.07  3.02 0.5 0.7 15.8103  40.3288 -
3 12 Dec 2002 14:47:47 3.69 857 0.9 1.3 15.7985  40.3047 -
4 20Jul 2003  05:22:45 1228  1.37 1.0 0.6 15.8507  40.3793 -
5 18 Dec 2003 ~ 01:39:13 6.29  3.06 0.7 1.0 15.8290  40.3083 -
6 25 Apr 2004 10:17:10 325 286 0.7 0.9 15.8052  40.2888 -
7 250ct 2004  09:30:31 12.89 559 1.2 11 15.8485  40.3923 -
8 18 Nov 2004 16:06:15 351 319 0.8 1.2 15.7750  40.3322 -
9 28 Jun 2005  04:35:53 6.70  9.15 0.7 0.7 15.8250 40.3203 2.5
10 2Jul 2005  02:38:12 6.36  9.90 0.7 0.8 15.8235  40.3165 2
11 2Jul 2005  05:05:38 6.55  9.73 0.7 0.8 15.8278  40.3142 -
12 20Jul 2005  14:27:22 6.75  9.48 0.7 0.8 15.8272  40.3182 2.3
13 30Jul 2005  22:14:30 6.54  9.98 0.7 0.7 15.8272 40.3148 14
14 5Nov 2005  09:48:22 10.64  7.16 0.8 0.8 15.8037 40.4130 1
15 14 Jul 2006 19:31:32 568  2.94 0.5 0.7 15.8293 40.2978 1.1
16 5 Oct 2008 14:34:28 425 551 0.7 13 15.7832  40.3338 2
17 29 Jun 2009 15:58:22 1286  3.02 0.4 0.6 15.8543 40.3843 1.4
18 3Dec2009  08:19:11 386 1221 1.0 1.2 15.7457 40.3760 2.4
19 27Jan 2010  06:20:12 1059  3.02 0.7 1.0 15.8507 40.3513 1.9
20 230ct2010  23:55:42 1225 9.32 0.8 0.9 15.8733 40.3495 1.4
21 19 Dec 2011 20:32:05 148  3.02 0.6 0.7 15.7773  40.2957 -
22 5 Aug 2012 22:37:36 940 12.01 0.8 11 15.8098 40.3847 1.8

sectors where some of its formations (i.e. Galestri Forma-
tion) are located at the bottom, could have resistivity values
compatible with M.

The geometry of the TM-M/AP boundary has been com-
pared with the one recovered by a Vp section (Fig. 4 in
Valoroso et al., 2011) and by a continuous profiling high-
resolution magnetotelluric (HRMT, Fig. 5 in Dell’ Aversana,
2003), the locations of which are shown in Fig. S2. In re-
gard to the latter, it has to be said that a direct comparison
with the model presented in this paper is not possible since
in Dell’ Aversana (2003) the exact location of the HRMT pro-
file is not reported. In any case, on the basis of some indica-
tions found in another reference (Zerilli and Dell’ Aversana,
2002), the trace of the profile has been hypothesized (grey : B 14 15km
band in Fig. S2). Both the HRMT model and the Vp sec- S LNRER
tion are characterized by the presence of two broad anti- oo
clines whose shapes are similar to the one described in the
MT model presented in this paper, although it seems to be
shifted, especially in Dell’Aversana’s model, about 1-2 km
NE. Such discrepancy could be attributed to an imperfect lo-
cation of Dell’ Aversana’s model and/or to the presence of
3-D effects as also suggested by the dimensionality analysis.

From a structural viewpoint, the major features of the MT
model are the sharp lateral resistivity discontinuities that in-

100 300 1000 3000 10000
resistivity (Ohm.m)

Figure 6. Schematic interpretation of the MT model. QD is Quater-
nary deposits; CLP is Campania Lucania Platform; LU is Lagone-
gro units; M-TM is mélange and terrigenous marine deposits; AP is
Apulia Carbonate Platform.

volve the surficial (A) and the lower (C) layers (Fig. 6).
The shallow lateral variations of resistivity intersecting the

www.nat-hazards-earth-syst-sci.net/15/843/2015/

layer A are interpreted as faults. The SW-dipping faults are
associated with the EAFS, whereas the NE-dipping faults are
attributed to the MMFS. Figure 7 shows the good agreement

Nat. Hazards Earth Syst. Sci., 15, 843-852, 2015
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Figure 7. MT model compared with morphostructural map of the
Agri Valley and projection along the MT model of seismicity. The
focal mechanisms of the two events represented with red stars dis-
play normal-faulting kinematics on two possible NW-SE trending
fault plane solutions, which are compatible to either F2 or F3.

between the interpreted faults and the surface geological lin-
eaments.

At depth, in the lower layer C, the major feature of the
MT model is related to F1. Even though the significance of
F1 is not fully confirmed by sensitivity tests (Campanya et
al., 2012), it is spatially coincident and compatible with the
geometry of a thrust shown by Valoroso et al. (2011) after
Nicolai and Gambini (2007). F1 has, thus, been interpreted
as a SW-dipping fault that cuts the top of AP, just below the
southwest part of the valley floor and that does not continue
in the layers above (A and B).

Projection of the hypocentres along the MT model shows
only a few earthquakes along the faults inferred by the MT
model (i.e. F1), while it is possible to observe repeated earth-
quakes just below the central part of the valley floor (~ 7—
8 km along the section) at a depth of about 9.5+ 0.5 km be-
low sea level (Fig. 7). Accurate focal mechanism compu-
tations display normal-faulting kinematics on two possible
NW-SE trending fault plane solutions. Even if the MT model
does not show clear evidences of faults geometrically com-
patible with these events, they could be related to two hypo-
thetical structures related either EAFS or MMFS and named
respectively F2 and F3 in Fig. 7.

Nat. Hazards Earth Syst. Sci., 15, 843-852, 2015

6 Discussion and conclusions

The MT model was interpreted on the basis of the surface
geology (Fig. 1) and published subsurface data across the
HAV (e.g. stratigraphic log of the Costa Molina 2 well in
Fig. 1b and deep geological sections proposed by Mazzoli
et al., 2001; Borraccini et al., 2002; Shiner et al., 2004; Val-
oroso et al., 2011).

The geological setting of the HAV was schematized as a
superposition of three different domains in depth (Fig. 5).
The shallow one shows a higher variability of resistivity
values (10-250 2m) and thickness between 1.1 and about
3.5km. It is related to QD and the allochthonous units.
The intermediate domain of medium resistivity values (40—
110 2m) is associated prevalently with the mélange zone
and to the Pliocene terrigenous marine deposits. The lower
layer of higher resistivity values (> 90 2m) is related to the
Mesozoic—Tertiary carbonate sequence of the Apulia Plat-
form and shows an appreciable lateral resistivity discontinu-
ities (Fig. 6).

From a structural viewpoint, the MT model shows fea-
tures related to the MMFS and EAFS in the surficial layer.
At depth, in the lower layer, the major feature is related to
F1, which is interpreted as a SW-dipping fault that cuts the
top of AP just below the southwest part of the valley floor
and does not continue in the layers above. In addition, the
surface projection of this structure does not fit with the faults
in the overlying allochthon. The F1 fault is also displayed in
the 3-D structural model of Borraccini et al. (2002).

By a local seismic network (Eni Company), enriched with
recordings extracted from the ISIDE database, we have col-
lected 1185 located events. These events were reduced to 22
by selecting only those within 2.5 km distance from the MT
profile and with vertical and horizontal location errors less
than 1.5km. We show the projection along the MT model
of all selected events (the focal mechanisms are available for
only two events). We can observe from the Fig. 7 and Table 1
that, considering the large period of observation, the events
are low magnitude (M) < 2.5) and few because of sparse seis-
mic stations in the considered area. Nevertheless, it is pos-
sible to observe repeated earthquakes just below the cen-
tral part of the valley floor (~ 7-8 km along the section) at
a depth of about 9.5+ 0.5 km below sea level. Accurate fo-
cal mechanism computations of two different events display
normal-faulting kinematics on two possible NW-SE trending
fault plane solutions, which are compatible to either EAFS or
MMFS (F2 and F3 in Fig. 7 respectively). Whereas the MT
model does not support F3 presence, F2 could be a younger
structure compared to F1, where previous intense fracturi-
sation could permit the bearing of fluids. We conclude by
pointing out the effectiveness of the inductive effects of mag-
netotelluric method. Results similar to the ones of the HRMT
have been obtained by using less than 10 % of the soundings
performed for the HRMT.
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