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Abstract

Eleven MT soundings and two dipole-dipole electrical soundings were carried out in the area of the Po plain
south of the town of Padua. MT soundings were performed in the frequency band from 100 to 1/64 Hz; DC
soundings were achieved, respectively, with a 2000 and 4000 m length of the array. The electrical interpreta-
tive models show a predominant monoclinalic tectonic behaviour with an evident deepening of the resistive
basement toward NE. The joint use of the two electrical techniques defined the geological and structural set-

ting up to a depth of 2 km in a highly conductive area.
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1. Introduction

In the last 15 years geophysical prospecting
(Norinelli, 1979; Norinelli et al., 1988) has re-
vealed the presence of a faulting system in the
area of the Po plain south-east of Padua
(Veneto region). Zaja et al. (1989) proposed a
ID magnetotelluric interpretation along two
profiles. The two 1D models showed a deepen-
ing of the electrical basement towards NE.

In order to establish the presence of the
faults system, namely to point out the amount
of displacement of these faults, five new MT
soundings were carried out by the operat-
ing unit of University of Padua; moreover, as
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in the previous electrical interpretation some
doubts arose as to the resistivity value of the
electrical basement, dipole-dipole DC sound-
ings were performed by the operating unit of
University of Milan.

Because of the highly conductive environ-
ment and the low signal-to-noise ratio, two
dipole-dipole soundings only were carried out
in a restricted area where MT soundings detected
the resistive basement at shallow depth.

2. Geological outlines

The area under study is shown in fig. 1 and
lies south of Padua between Legnaro and Con-
selve villages and it is bounded by the Colli
Euganei on the western side. Geological infor-
mation derives from field geological surveys
over the prealpine hills, Colli Euganei and
other hill ranges surrounding the study area;
these results are integrated with lithostrati-
graphic data from deep wells and geophysical
data.
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The older portion of the stratigraphic se-
quence is given by the pre-Permian crystalline
basement that outcrops in the near prealpine
areas (Antonelli et al., 1983). Both seismic
prospecting (Finetti, 1972) and drillings
(AA.VV,, 1972) confirmed its presence below
the Po plain in the Veneto region and in the
Northern Adriatic Sea. Above the crystalline
basement the Permo-Triassic sequence is
found, which consists of an alternation of sedi-
mentary rocks with varying lithology (lime-

290

Map of the study area; locations of magnetotelluric and electrical soundings as from the legend.

stone, dolomite, silty-sandstone and clay). The
«Legnaro 1» well (AA.VV., 1972) (see fig. 1)
shows the existence of an evaporitic marl-
sandstone unit, which is not found at the sur-
face. The Jurassic-Cretaceous sequence consists
of carbonatic and carbo-siliceous rocks: they
outcrop at Colli Euganei over a limited
area (Antonelli et al., 1983), showing a strong
dip towards the plain. The Tertiary se-
quence, as revealed by stratigraphic analyses
of the «Legnaro 1» and «S. Angelo 1» wells
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(AA.VV., 1972), shows very thin, if not ab-
sent, Miocene deposits, whereas Pliocene and
Quaternary deposits have greater thickness.
This sequence consists mainly of marls, as in-
dicated from stratigraphic data from the «Le-
gnaro 1» well. The marine Quaternary forma-
tions, transgressive over Pliocene formations,
are represented by clay and sands, whereas
thick continental Quaternary units mainly con-
sist of alluvial materials coming from the ero-
sion of morenic deposits.

From the structural point of view, the
bedrock is characterized by a fast deepening
below the plain, moving from Colli Euganei
towards the east (Leonardi et al., 1973). This
phenomenon is caused both by subsidence of
the present plain region during the_Pliocene
and Quaternary and by disjunctive tectonic ac-
tivity long NW-SE and ENE-WSW directions.
These directions are parallel to the Schio-
Vicenza fault (Molon, 1882, 1883) and to the
pedemountain flexure, respectively. The Schio-
Vicenza fault is the main structural feature of the
region and has been mapped from field geologi-
cal survey north of the study area. Geophysical
data support the hypothesis of a continuation to-
wards the south, where the principal fault appears
associated with a number of minor faults with the
same direction (Zaja et al., 1989): this faulting
system extends towards the east for about 10 km
and determines the deepening of the bedrock in
the plain. Another effect associated with the
Schio-Vicenza fault is a second system of faults,
with NNW-SSE direction.
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3. Geophysical survey

Figure 1 shows the position of the old magne-
totelluric stations, SPV, BAR, PUN, SAP, GIU,
CON (Zaja et al., 1989), the new magnetotelluric
sites COL, RON, 2BO, 2PE, 2VE, along with the
position of the dipole-dipole soundings.

Data from new magnetotelluric soundings
were recorded with MSPM, a real time acquisi-
tion system (Bon et al., 1987), in three differ-
ent overlapping frequency bands: 100-1 Hz,
8-1/8 Hz, 1-1/64 Hz. Apparent resistivity and
phase curves along the measurement directions
and along the strike direction were estimated
with standard processing methods (Swift,
1967). The strike direction and the skewness
parameter were also computed to establish the
dimensionality of the area (Vozoff, 1972).

Two continuous polar dipole-dipole sound-
ings, named «Cagnola» and «Bovolenta» were
recorded with an analog recording system for
the smallest distances and with a digital one
for the potential difference at the potentiomet-
ric dipole for distances greater than 1 km. The
signal to noise ratio was very small so that the
array lengths for the two soundings were 2 and
4 km, respectively for «Cagnola» and «Bovo-
lenta» soundings. Results of the dipole-dipole
soundings have been transformed into apparent
resistivity diagrams for the corresponding half-
Schlumberger arrays, following the methodol-
ogy described in Alfano (1974). Figure 2a,b
shows the apparent resistivity diagrams for the
two soundings.
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Fig. 2a,b. Diagrams of apparent resistivity for dipole-dipole soundings: a) «Cagnola» sounding; b) «Bovo-
lenta» sounding. Crosses and thin line: field dipole-dipole diagram. Thick lines: half-Schlumberger trans-

formed diagrams.
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Fig. 3. Pseudosections of invariant apparent resistivity and corresponding phase for profile POT.
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4. Data analysis and interpretation

MT soundings were used to define two
magnetotelluric profiles, POl and P02, in the
N40E and N120E directions respectively. Direc-
tions of the two profiles are showed in fig. 1.

For each sounding the similarity of the two
orthogonal apparent resistivity and phase
curves along with the low values for the skew-
ness parameter showed, mainly, a 1D electrical
behaviour.

Invariant apparent resistivity (Ranganayaki,
1984) curves and relative phases were used to
build electrical pseudosections along the two pro-
files (see figs. 3 and 4). These figures show one
conductive shallower area along with an electri-
cal resistive basement deepening towards E.

The invariant resistivity and phase curves
were interpreted with a 1D inversion algorithm
(Jupp and Vozoff, 1975). The obtained electri-
cal model confirms the presence of an electri-
cal basement deepening towards E. For a better
definition of the deepening a 2D forward mod-
elling interpretation (Wannamaker et al., 1986)
along profile PO1 was also used. The results
along PO1 (2D modelling) and P02 (1D mod-
elling) profiles are shown in figs. 5 and 6; the
fitting of the response model curves with the
experimental data for the 2D model along pro-
file PO1 are shown in fig. 7. From the models
along the two profiles we can distinguish three
geoelectrical units with different resistivity val-
ues: the shallowest one with resistivity ranging
from 7 to 14 Q- m corresponds to sand-silty
and silty deposits filled with salt water; the
unit with resistivity 2-3 - m is in relation to
silt marls with salt water and the resistive sub-
stratum (> 500 € - m) corresponds to limestone
and dolomitic-limestone Mesozoic deposits.
The presence of these three main geological
formations was also previously confirmed from
the electric log measurements performed by
AGIP in the two deep «Legnaro 1» and «S.
Angelo 1» wells, close to the MT site SAP
(fig. 1).

From the modelling results, the most inter-
esting feature is the sequence of blocks that be-
long to the resistive basement and that are
found at different depths. The effect of four
dislocation lines make possible a deepening of
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the top of the limestone substratum from about
550 m at site SPV down to about 1700 m at
the eastern site SAP.

Figure 8 compares two apparent resistivity
pseudosections along profile PO1: the top was
obtained from experimental field data and the
bottom from the apparent resistivity response
curves of the 2D model in fig. 5. Apart from
an area of major resistivity under the sites
BAR for higher frequencies (see picture on the
top), mainly due to the cultural noise in this
sounding for that frequency band (see the site
in fig. 7), the two pseudosections are very sim-
ilar. Hence we can say that the calculated 2D
model fits well with the experimental data.

The results of the DC soundings confirm
some of the above results. In fact the «Cagnola»
sounding shows that the resistive basement
cannot be found at a depth less than 600 m and
shows shallow layers with resistivity of about
4 Q- m. It was not possible to interpret the re-
sults of the «Bovolenta» sounding with a sim-
ple structure; in fact it clearly shows evidence
of strong lateral heterogeneity (fig. 2b).

5. Conclusions

The MT results are excellent and allow us
to draw interesting conclusions on the geologi-
cal structures down to a depth of about 2 km in
a very conductive area, i.e. a region where at-
tenuation of the electromagnetic waves with
depth is strong and the skin depth is small.

In particular, MT data allowed us to map a
resistive basement along with the geological
structure above it with a good definition.

The joint use of MT and DC methods was
important to confirm some of the interpretative
hypotheses based on MT data: the depth and
the resistivity value of the basement found at
the MT station SPV are consistent with the
estimates from the dipole-dipole «Cagnola»
sounding. On the other hand dipole-dipole
«Bovolenta» sounding does not reach the re-
sistive basement and shows strong lateral vari-
ations, which are consistent with the hypoth-
esis of the existence of the fault F1. MT and
DC data show that this structural element in-
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duces important variations both at shallow and
deep levels.

Finally, the new data acquired in this area,
MT soundings and two dipole-dipole sound-
ings, allowed us to confirm the presence of the
Schio-Vicenza fault (F2) that was imaged by
previous geophysical works, along with two
other faults (F1 and F3) running parallel to the
Schio-Vicenza fault and to map another fault
(F4) with different orientation.
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