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ABSTRACT. In order to investigate the possible extension of a cave of great archaeological
interest, integrated geophysical measurements have been undertaken. Electrical resistivity
tomography (ERT) and ground-penetrating radar (GPR) have been used. The cave, called
“Grotta delle Veneri” (Cave of the Venus), is located in the archaeological site of Parabita
(Apulia, southern Italy). It is one of the most important archaeological constructions of the
Salento peninsula since its discovery confirmed the presence of the Neanderthal man in the
Mediterranean Basin. The results are surprising and show different areas with the presence
of cavities in the vicinity of the same cave.

1. Introduction

The Grotta delle Veneri is located in a karstic area 40 Km south of Lecce, near the village
of Parabita (Fig. 1). It lies on a ridge, elongated in the NNO-SSE direction, locally known
as the Serra di S. Eleuterio, which is characterized by limestones and dolomitic limestones
with thicknesses ranging from a few centimetres to about 1 m. To the east of the Serra, more
recent sediments crop out on a flat surface widely covered by terra rossa deposits. They can
be divided into: Calcareniti of Salento, consisting of coarse calcarenites from the Lower
Pleistocene; Sub-Apennine Clays, made of clay deposits from the Lower Pleistocene and
terraced marine beach and flat coastal deposits from the Middle-Upper Pleistocene.

The presence of humans in the territory of Parabita dates back to 80.000 B.C. In fact,
an artefact of Homo Sapiens Neanderthalensis (Neanderthal) and one of Homo Sapiens-
Sapiens (Cro-Magnon) (35,000-10,000 B.C.) have been recovered in the cave Grotta delle
Veneri in 1966. Two statuettes (2.000-10.000 B.C.) representing two pregnant women have
been found in the same year.

The Grotta delle Veneri (Cave of the Venus) is one of the most important archaeological
installations of the Salento peninsula, since its discovery confirmed the presence of the
Neanderthal man in the Mediterranean Basin. Karst areas are the subject of several studies in
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FIGURE 1. Investigated areas

the fields of archaeology, environment, hydrogeology, geology and geomorphology (Smith,
1986; Leucci and De Giorgi, 2005; Nuzzo et al., 2007; Carrozzo et al., 2008; Leucci and
De Giorgi, 2010; Delle Rose and Leucci, 2010; Chalikakis et al., 2011; Abbas et al., 2012;
Martinez-Moreno et al., 2013; De Giorgi and Leucci, 2014; Leucci and De Giorgi, 2015;
Leucci et al., 2015; Leucci et al., 2016; Lapenna et al., 2017; Abidi et al., 2018; Pazzi et al.,
2018; Hussain et al., 2020).

Non-invasive and high-resolution geophysical methods are appropriate for identifying
and mapping the subsurface karst features (Leucci and De Giorgi, 2010; Hussian et al., 2020).
The contrast created in the physical properties in comparison to the surrounding rocks, when
the natural cavities are filled with water, air or collapsed materials, can be detected with the
application of geophysical methods (Leucci and De Giorgi, 2010; Leucci and De Giorgi,
2015). A variety of geophysical methods are commonly employed to delineate buried karst
features, including Ground Penetrating Radar (GPR), Electrical Resistivity Tomography
(ERT), and gravimetry. (Leucci and De Giorgi, 2010; Leucci and De Giorgi, 2015).

The Grotta delle Veneri has been studied by Leucci and De Giorgi (2005 and 2015),
who investigated its stability conditions using ERT, GPR and 3D seismic methods. The
present study aims to detect potential cavities potentially related to an extension of the
Grotta della Veneri. Two geophysical techniques, Electrical Resistivity Tomography (ERT)
and Ground Penetrating Radar (GPR), have been used. Geophysical investigations have
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been conducted in three distinct areas, designated as Areas A, B and C (Fig. 1). The terrain
configuration, characterized by obstacles and slopes, restricted the investigation to these
locations. 3D GPR measurements have been carried out across all three areas, while only
three 2D ERT profiles could be acquired. This non-invasive characterization of the site is
crucial for archaeologists to identify cavities for further excavations. The results provide a
solid basis and recommendations for future investigation aimed at enhancing our knowledge
about the frequentation of primitive man in the area.

2. Materials and Methods

2.1. Electrical Resistivity Tomography. The ERT method consists of injecting current
(D into the subsoil through two electrodes (called A and B) located on the surface. The
potential difference (V) is measured by two others electrodes (called M and N). The apparent
resistivity p, obtained from Ohm’s law, is given by

Vv

where K, called geometric factor, depends on the geometric arrangement of the electrodes;
in general, it is expressed by the equation

K=op| L L L L @
AM AN BM BN
which can take more simplified forms depending on the geometric arrangement of the
electrodes used in the geoelectrical survey. The various configurations differ only in the
position of the electrodes (Loke, 2001; Leucci, 2019; Leucci, 2020).
ERT data have been acquired using the Syscal R1 Geo Resistivity Meter (Iris Instruments).
A total of 48 electrodes have been employed with an interelectrode distance of 1 m for
profiles G1 and G4, and of 2 m for profile G3 (Fig. 1). Profiles G1 and G4 are spatially
superimposed on GPR profiles Al and C4 respectively (Fig. 1). The dipole-dipole array
has been used in order to obtain a much more detailed image of the subsurface, which is
essentially composed of a highly inhomogeneous overburden and a bedrock (Loke 2001).
All the field data have been processed using the RES2DINYV software which allowed the
last squares type inversion to be performed (Loke and Barker, 1996).

2.2. GPR survey. The Ground Penetrating Radar (GPR), also known as Georadar, is
one of the most widely accepted and used geophysical methods for shallow subsurface
exploration (Giannino and Leucci 2022). The GPR technique consists of transmitting an
electromagnetic wave of an assigned frequency, via a transmitting antenna, and receiving
the electromagnetic wave that has been reflected to the surface, via a receiving antenna. The
reflection of the electromagnetic wave is only possible of bodies with different dielectric
properties (Davis et al., 1989).

The time elapsing between the input of the electromagnetic pulse into the ground and the
reception of the reflected one makes it possible to derive the depth of the reflecting surface
if the electromagnetic waves propagation velocity in the medium is known. It is worth
noting that electromagnetic waves propagate very well in the vacuum and less well in the
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matter. They are sometimes absorbed even by very thin layers: the GPR method therefore
only allows the subsurface to be investigated over small thicknesses (of the order of a few
tens of metres).

Other factors that must be considered in the study of the electromagnetic wave propaga-
tion are the penetration depth and the resolution. The penetration depth decreases as the
frequency increases, while radar resolution increases with higher frequencies (Giannino
and Leucci, 2022). Both of them are influenced by the mineralogical characteristics of
the medium investigated, mainly by its clay and water content, as well as by the surface
vegetation and soil morphology.

The frequencies of the electromagnetic pulses used vary from a few MHz to a few GHz.
The wavelength (1), frequency (f) and propagation velocity (v) of electromagnetic pulse
are linked by the following equation

A 7 3)

Once the frequency to be used in the geophysical survey has been chosen and the velocity
of propagation in the medium is known, the equation (3) allows the wavelength to be derived
and thus the resolving power of the electromagnetic survey to be estimated.

It is obvious that, for the same v, as the frequency increases, the resolving power
increases. It is also known that as the frequency increases, the absorption power of the
medium increases and thus the penetration depth decreases. This absorption also depends
on the conductivity of the dielectric medium, which is mainly regulated by the content of
water and salts in solution.

In the two-dimensional radar sections, the positions of the antennas along the investigated
profile are shown on the abscissa, while the two-way travel times—i.e., the time between
the emission of the impulse and the reception of the reflected signal at the surface—are
shown on the ordinate. These reflections correspond to subsurface discontinuity surfaces.

A GPR investigation has been carried out using the Sir System 2 georadar (GSSI) and
the 200 MHz antenna. In Area A (36 m x 50 m), 37 parallel profiles spaced 1 m apart
were acquired along the x-direction, and 3 parallel profiles spaced 1 m apart were acquired
along the y-direction. In Area B (10 m x 40 m), 11 parallel profiles spaced 1 m apart were
collected along the x-direction. In Area C (3 m x 20 m), 4 parallel profiles spaced 1 m
apart were acquired along the x-direction. The acquisition parameters were: 512 samples
per scan, a time window of 150 ns and manual gain. Data have been processed using a
GPR-SLICE software. processing steps included:

Time-zero drift correction;

Background removal algorithm with a mean of traces without strong targets;
Amplitude analysis and gain function;

Band-pass filter;

f-k migration;

Time slices generation;

Amplitude isosurfaces cube generation.

In order to estimate the average electromagnetic wave velocity of the investigated site,
the hyperbolic diffraction method has been used. The average velocity was found 0.09 m/ns.
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3. Data analysis and Results
3.1. GPR survey.

3.1.1. Area A
From an analysis of the radar sections, an example of which is shown in Fig. 2, it was
observed:
a. the presence of a series of hyperbolic-shaped anomalies (labelled A) of great
extension, the upper portion of which lies between 20 ns and 60 ns (0.9 m - 2.7
m depth), characterised by a very high signal amplitude. Their dimensions are of
the order of 8-10 m and are spatially organised; for this reason, they have been
interpreted as part of the Cave of Venus.
b. aseries of hyperbolic-shaped anomalies (labelled B) of limited extension, the upper
portion of which is in a range between 50 ns and 80 ns (2.25 m - 3.6 m depth).
Their dimensions are of the order of 0.5 - 1 m. They have therefore been interpreted
as characterising a highly fractured rocky basement below the cave.
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FIGURE 2. Area A: radar section relating to profile Al

The planimetric position of the profiles made it possible to spatially correlate the anom-
alies present on each georadar profile using the amplitude analysis of the reflected events
within assigned time intervals (time slice) (Fig. 3) (Giannino and Leucci, 2022).

I~

1.5-1.7m 2.3-2.5m 2.7-2.9m

FIGURE 3. Area A: time slices

As it is well known, the amplitude of reflected events is directly correlated with the
contrast between the electrical characteristics of the media in the subsurface. Therefore,
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the three-dimensional visualisation, by amplitude intervals, of the distribution of reflected
events allows the spatial localisation of the structures that determine the reflections. Each
time slice corresponds to a layer of soil whose depth and thickness depend not only on the
values assumed for time but also on the propagation velocity of the electromagnetic waves
in the subsoil. Time slices have been calculated at soil thickness intervals of 0.2 m.

Fig. 3 shows the most significant time slices. The representation in time slices has
better defined the most intense anomalies (A in Fig. 2). A clear main alignment of the
reflection indicated with A is indicative of the presence of cavities between at least 0.9 -
2.7 m depth. The presence of scattered high amplitude anomalies throughout the rest of
the slice, indicated with B, confirms the hypothesis of a strongly fractured basement. The
amplitude isosurfaces (Fig. 4) help to better understand the position of the cavity in a 3D
way.
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FIGURE 4. Area A: amplitude isosurfaces

3.1.2. Area B

From the analysis of the radar sections, an example of which is shown in Fig. 5, the
following was observed: the presence of an area (E), between the abscissae 0 - 6 m, in which
the radar signal is strongly absorbed, indicating a highly conductive material; hyperbolic-
shaped anomalies (indicated by C), between the abscissae 8 - 35 m, whose upper part is
between 40 ns and 80 ns (1.8 m - 3.6 m depth), characterised by a very high signal amplitude,
indicating a probable presence of a cavity that is not completely empty or a very heavily
fractured area.

Time slices (Fig. 6) show the presence of a zone with a strong absorption of the radar
signal (E) and the presence of a probable cavity (C).

The amplitude isosurfaces (Fig. 7) help to better understand the position of the cavity in
a 3D way.

3.1.3. Area C The analysis of the processed radar sections, an example of which is shown
in Fig. 8, revealed: the presence of a series of hyperbolic anomalies (D), the upper part
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FIGURE 6. Area B: time slices

FIGURE 7. Area B: amplitude isosurfaces

of which lies between 20 ns and 80 ns (0.9 m - 3.6 m depth), characterised by a very high

Atti Accad. Pelorit. Pericol. Cl. Sci. Fis. Mat. Nat., Vol. 103, No. S2, A1 (2025) [13 pages]



Al-8 C. TORRE ET AL.

signal amplitude. They are of the order of 4.0-5.0 m in size and are spatially organised,
which is why they have been interpreted as probable cavities.
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FIGURE 8. Radar section of the data acquired in area C
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Time slices (Fig 9) show the presence of an area related to the probable presence of
cavity (D).
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FIGURE 9. Area C: time slices

The amplitude isosurfaces (Fig. 10) help to better understand the position of the cavity
in a 3D way.

FIGURE 10. Area C: amplitude isosurfaces
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3.2. Electrical resistivity tomography (ERT) survey. The 2D resistivity distribution in
the subsurface is shown in figs. 11, 12 and 13.
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FIGURE 11. Geoelectrical profile G1

Fig. 11 shows a series of anomalies (indicated with A) whose roof is located at a depth of
approximately 1 m, with a resistivity more than 10000 Q - m associated with the presence of
cavities. Various anomalies (indicated with B), whose roof is located at a depth of between
1 m and 3 m, have a resistivity of between 2000 and 3000 Q - m, confirming the presence of
voids and strongly fractured material.
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FIGURE 12. Geoelectrical profile G3

The profile G3 (Fig. 12) revealed a series of anomalies (indicated with A) whose roof is
located at a depth of approximately 1.5 m and whose resistivity exceeds 22000 Q - m, which
can also be associated with cavities. In particular, the most extensive anomaly, between the
abscissae 28 - 46 m, could be associated with a north - east extension of the cave itself.

The profile G4 (Fig. 13) shows an area, between the abscissae 0 - 20 m (denoted by
F), of strongly conductive material with resistivities between 20 and 50 Q - m; a series of
anomalies (indicated with E) whose roof is located at a depth of approximately 2 m, of
variable extension, and resistivities between 2000 and 4000 Q - m indicating the presence of
probably voids; an anomaly (indicated with C), whose roof of which is located at a depth of
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FIGURE 13. Geoelectric profile G4

Grotta delle Veneri N
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FIGURE 14. Summary map of results obtained with the georadar survey

approximately 4 m, with resistivity greater than 9000 Q - m indicating the probable presence
of a cavity.

4. Conclusions

The geophysical investigations partially covered the area of the Grotta delle Veneri. The
summary results of the campaign data are shown in Figs. 14 and 15.

Atti Accad. Pelorit. Pericol. Cl. Sci. Fis. Mat. Nat., Vol. 103, No. S2, A1 (2025) [13 pages]



NEW DATA ABOUT GEOPHYSICAL SURVEY AT ... Al-11

————— Probable cave extension

0 5 10 15 20m
e ™

FIGURE 15. Summary map of results obtained from the geoelectric
survey. The G3, G1 and G4 profiles have to be considered in the X-Z
plane, while the map of the Grotta delle Veneri and areas investigated are
shown in the X-Y plane

It can be assumed that all or most of the anomalies can be related to the probable presence
of caves. In the surveyed areas, the anomalies present in the two-dimensional radar sections
that appear aligned in time slices are probably related to a part of the cave and seem to have
a cave extension. The result of the geoelectrical survey seems to confirm these findings.

The non-invasive aspects of these investigations and the results obtained are crucial for
archaeologists to plan future investigations in order to enhance knowledge of early human
habitation in the area.
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