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Abstract: The increasing use of geophysical investigations for archaeological purposes is now pro-
vided also by Italian reforms about preventive archaeology. They allow not only the discovery or the
spatial definition of possible buried archaeological evidence, but they are also able to define the state
of preservation of ancient structures. The Bocca delle Menate archaeological site is in Comacchio
village territory, situated in Ferrara provence (Emilia Romagna region, Italy). The archeological site
provides important evidence of the Roman presence in the Po Delta (Italy). The Roman villa was
excavated between 1958 and 1959, during the reclaiming works in the Mezzano Valley (Comacchio,
Ferrara). An archaeological preliminary survey and a geophysical field trip using Geomagnetic
and Frequency Domain Electromagnetic Methods were carried out, following the aim to identify
the planimetry of the villa previously excavated and eventually newly discovered archaeological
remains. The geomagnetic results detected the archaeological buried structures, even if the original
disposition of them is not completely highlighted. The electromagnetic method was able to depict
the geological and geomorphological background surrounding the Roman villa. The obtained results
highlighted that the applied geophysical methods are excellent tools for the preservation, protection,
and monitoring of archaeological heritage previously excavated, adding to their already known
importance as best tools for new archaeological buried remains detections.

Keywords: geomagnetic; electromagnetic; preventive archaeology; landscape archaeology; Roman villa;
Po Delta

1. Introduction

The application of geophysical methodologies in the archaeological field represents
an essential phase for the detection of the archaeological buried structures, during the
preliminary phases of the archaeological activities, as well as for those archaeological sites
excavated in the past for which it has not been possible to develop conservation projects.

The geophysical techniques are useful for the detection of archaeological buried re-
mains, and the archaeologists are grateful to them for the help in detect them and for
pointing out where they should dig. Usually, after this phase, the findings are mapped
and re-buried when a conservation project is not developed. In the past, several buried
archaeological structures were detected during the excavation phase for construction work
(roads, canals, etc.), and the detected remains were highlighted and sketched on a work
paper and later buried again. When an indirect survey was not available, several ar-
chaeological structures continued to be buried around the excavated area. Therefore, the
geophysical methodologies are so crucial for those old archaeological sites, which were
excavated decades ago, both to highlight them again and to detect new buried remains.
A great variety of geophysical methods are currently available for specific archaeological
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demands, and the techniques that are most useful in this field are: geomagnetic (MAG) in-
vestigation, ground penetrating radar (GPR), electrical resistivity (ER), and electromagnetic
(EM) acquisitions [1–10]. The geomagnetic technique is a passive method and, therefore,
it is based on measurements of the Earth’s magnetic field with sensitivity on the order of
nanoTeslas (nTs). The geomagnetic method can detect archaeological remains by analysing
the variations of the Earth’s magnetic field due to the different magnetic susceptibilities of
construction materials and the magnetic characteristics of the shallow subsoil. GPR is based
on the introduction of electromagnetic waves in the medium and the subsequent record-
ing of the reflections suffered by the signal imputable to the electromagnetic impedance
variations. The method uses a fundamental relationship that links the velocity of propa-
gation of the EM waves with the dielectric permittivity of the medium. The ER method
works by injecting current into a pair of current electrodes, and the potential difference
is measured between a pair of potential electrodes. The combination between these two
parameters (Ohm’s law) aims to determine the subsoil spatial electrical resistivity distri-
bution. Electromagnetic induction methods allow the acquisition of in-phase and out of
phase (or quadrature) components, which can be related to the electrical conductivity and
magnetic susceptibility of the subsurface. The use of geophysical methods is suggested in
all cases where information is needed on subsurface features before the excavation. These
methods provide excellent resolution of many types of archaeological features, and they
are capable of high sample density surveys of very large areas and of operating under a
wide range of conditions. Moreover, the use of different methods is good practice in most
geophysical survey applications because each geophysical method responds to different
properties, and multiple data sets are complementary, rather than redundant. Even if the
geophysical instruments are expensive, the cost of geophysical survey is very often offset
by a reduction in the expense of exploratory excavation. On the contrary, the application of
geophysical methods is often limited by ambiguity of the physical parameter in relation to
the interpretation of results.

In most cases, MAG and GPR yield the best results due to the significance of the
corresponding geophysical parameters and the high resolution of the advanced equipment
available today. These methods are able to investigate, at different resolutions, the buried
structures in the first meters of the subsoil, and there are several papers that reported
their success [1–10]. On the contrary, even if the EM and geoelectrical (DC) methods
are applied to detect buried structures, they are most useful to define the geological and
geomorphological surrounding context [6,7,10–12]. Geomagnetometry and GPR offer a fast
and cheaper way to survey the archaeological sites, thanks to the possibility to investigate
large areas [13–15]. Each geophysical method highlights well the anomalies due to buried
archaeological structures, but only an integration of different methods is useful to define
the detailed geometry and the depth of them.

The studied archaeological site is located in Bocca delle Menate area, and it is located in
Emilia Romagna region, close the Comacchio (FE) town. The archaeological site was studied
following two main directions: archaeological and geophysical steps. The geophysical
steps consisted of the use of a MAG walk survey and Frequency Domain Electromagnetic
(FDEM) quad bike dragged investigation. The aim was to depict the main buried remains
and to define the location of the archaeological structures previously excavated in the
1950s (Figure 1). Geophysical and archaeological investigations were conducted at the
site of Bocca delle Menate in collaboration with the municipality of Comacchio, framed
within the project VALUE (Environmental and Cultural Heritage Development), and it was
carried out after the non-invasive research authorization by the ABAP Superintendency
of Bologna [16].
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Figure 1. Ubication of the Bocca delle Menate archaeological area in Comacchio village identified on
a Google Maps image as part of the southern part of the Po Delta.

With this in mind, the new investigations aim to answer several questions that have
remained open, such as knowing the positioning and state of preservation of the structures
found during the excavation in the 1950s and understanding the planimetric articulation of
the facility and the development of the complex beyond the area already investigated, also
in relation to the ancient landscape.

2. Materials and Methods
2.1. Geological and Geomorphological Setting

The anthropic settlement of the Bocca delle Menate area was strongly influenced by
the geological, geomorphological, and hydraulic framework of the Po Delta region. The
investigated area defines the Padana-Apennine Trench transition, which represents the
continuity between the Apennine chain and the Alpine chain. The area is characterized by a
large quaternary sedimentation of transition between continental and marine environment
accumulated in the Early to Middle Pleistocene age and in the Middle Pleistocene–Holocene
age [17]. The stratigraphic architecture of the Po Delta plain was controlled by eustatic
and climatic fluctuations. The stratigraphic architecture of Late Quaternary deposits was
strongly controlled by glacio–eustatic fluctuations and a regular alternation of alluvial
plain deposits, related to major sea level falls, with coastal/shallow marine sediments,
which accumulated during subsequent episodes of sea level rise [18]. The events after the
glaciation period delineated the actual geological setting.

The Roman villa of Bocca delle Menate stood on littoral cord sands, near their contact,
with more recent fluvial deposits of Po River (Figure 2). The Po (or Padus in Latin) valley
has always been characterized as a lagoon landscape with numerous waterways and
extensive area covered by rich and varied vegetation. The valley has undergone continuous
evolutions and changes [19]. Clayey soils are the prevalent geology in the central area of
Comacchio, where depressions and paleorivers are distributed.
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The alternating phases of emersions and flooding of the territory defines the complex
evolutionary history [19]. The lithology of the surface and in the subsoil of the investigated
area shows the alternation and interdigitation of continental lithologies (paleorivers, dune
cordons) with marine lithologies (sands, silts, clays). The lithology of the dune cordons is
predominantly sandy, but, on the contrary, the paleorivers are affected by a clay lithology.
However, the ancient perifluvial route, close the Roman villa site, was elevated, and it
provided a useful connection with the important consular routes near Via Popillia, which
linked the Po Valley and the sea. This important route crossed the Po river, three kilometers
downstream from Bocca delle Menate, developing along the aeolian dunes [20].

2.2. Archaeological Contexts

In the studied archaeological site, the Roman villa (Bocca delle Menate) has been
intercepted in 1958 during the realization of a canal as a temporary water-scooping machine
in Lepri Valley, which was built for the reclamation of the Mezzano Valley. In that period,
the Roman villa was partially excavated in 1959 by Nereo Alfieri [21]. The Bocca delle
Menate complex thus falls within the Po Delta area, whose ancient landscape, covered
with rich and varied vegetation, was dominated by riverbeds and river mouths, littoral
cords, and beaches alternating with valley areas distributed on the paralittoral fringe and
was characterized by widespread phenomena of hydrographic instability related to the
activation of new river branches in a sector that, from the paleoenvironmental point of
view, was deeply involved by the evolution of the Po Delta between the Bronze Age (Po of
Adria) and the Roman period (Po di Volano). In Roman times, and especially between the
1st century BC and the 3rd century AD, connections between cities and smaller towns and
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navigation in the delta area were guaranteed both by the presence of natural waterways
(river and lagoon routes) and by the creation of artificial canals, the fossae, particularly the
fossa Augusta, an engineering work commissioned by Augustus to connect Ravenna to
the Po Delta [22]. An important role for the connections was also played by the overland
routes, as is represented by the via Popillia, opened in 132 BC to connect Bologna to Rimini,
regarding which a second section was then built from Rimini to Altino-Aquileia, passing
through Ravenna and Adria (128 BC). Land and water routes were also fundamental trade
routes that connected the Mediterranean to the Cisalpine area: in their vicinity, numerous
settlements developed, devoted to the exploitation of local resources and the production of
clay for the manufacture of building materials (roof tiles, roofing tiles, bricks, etc.). Taking
into account settlement typology, the archaeological remains allow us to suppose that
starting from the late Republican age, and the Po Delta area was occupied by a scattered
type of settlement: small centers on the river bumps and the vici—such as vicus Habentia
(Voghenza village) and vicus Varianus (Vigarano Mainarda village). Close to them, some
villae, such as villa of Bocca delle Menate, are present, consisting of a residential part
and a productive part formed by buildings functional to the works of exploitation of the
territory [23]. These villas, located along the most important routes of communication,
were linked to land of vast dimensions, the latifundia or saltus, initially belonging to
members of the Roman ruling class, then merged, through confiscation or sale, in the
imperial patrimony.

The great works of land reclamation that have affected the Valleys of Comacchio since
the 1920s have highlighted not only the remains of the famous Graeco-Etruscan settlement
of Spina, but also what remained of these villas. The Roman villa of Bocca delle Menate
was located on the eastern bank of the Po River, on an area of about 1000 mq (Figure 3)
and in a position of large economic interest and neuralgic importance in the sphere of
the navigation routes, close to Spina town and in proximity to the junction of the fossa
Augusta in the Po River and the via Popillia. Nereo Alfieri’s excavations in 1959 allowed to
know the presence of a pars dominica, with refined living rooms and spaces devoted to
productive activities. On the contrary, even if an approximate planimetric sketch of the villa
was made (Figure 3), the excavated structures were not defined on a georeferenced map.
Moreover, to identify the highlighted structure plan of the site, and to consequently give
detailed information about their conservation, a geophysical work approach was required
by geomagnetic and electromagnetic analyses in the site.

2.3. Preliminary Study

The methodologies adopted for carrying out the survey are those of ancient topogra-
phy, with careful analysis and reading of cartography, both historical and modern, archival
records and aerial photos [24]. In the preliminary study of the site, in fact, bibliographic
research was supplemented with analysis of historical cartography, essential for under-
standing the evolution of the landscape in relation to the location of the villa. Archival
research documented the site’s transformations across time: from excavation journals we
learned about the systematic disassembly of some archaeological structures of the Roman
villa (the three canals and a pit kiln in the eastern excavated area), compromised of the
backhoe during the construction of the drainage pump canal in 1959. The archival doc-
umentation also informed us about some anthropic actions correlated with the farming
activities, such as the regularization of the land surface with two farm tractors in June 1974
and various interventions of soil removal, leveling, and excavation in 1987/1989/1995,
which damaged the archaeological layers, not taking into account the constraints to which
the area was subjected [20].
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Figure 3. Plan of the archaeological remains in Bocca delle Menate archaeological site after the
excavations in 1959 [25].

QG is a geodatabase, collecting information from different research fields, which
was created in order to obtain an overall view of the current articulation of the area, to
better plan the surveys analysis, and, finally, to systematize new territorial information to
be acquired [20].

2.4. The Field Work

In the frame of the on-field activity, an orthophoto of the area has been realized from
photogrammetric elaboration of drone captures. This cartographic base was functional
for the documentation and georeferencing of the archaeological and geophysical surveys
aimed at both the analysis of the extent of the Roman villa within the investigated plot
of land and a deeper understanding of the type of buried structures and their state of
preservation. The intensive field survey revealed a series of interesting information and
patterns, starting from the placement of the finds to the type of the numerous materials
collected, brought back to the surface by recent ploughing activities and currently being
studied [26]. The purpose of the geophysical investigations aims to answer some questions
related to the knowledge of the state of preservation of the structures and their presence
or absence and the location of the findings made in the 1950s, including the planimetric
articulation of the area already investigated. Geophysical methodologies are indeed of
great help in the archaeological field, making it possible to locate finds in even large areas,
relatively quickly and with high accuracy, at least in the first few meters of subsurface. This
allows archaeologists to limit excavation at identified anomalies.

The most commonly and reliably used method in archaeological geophysics is geomag-
netic. By means of geomagnetic approach, it is possible to investigate large subsurface areas
in a relatively short time and to identify the most significant archaeological anomalies [4].
At this stage, a detailed geomagnetic survey conducted by foot and a large electromagnetic
investigation conducted by quad were carried out in the archaeological area (Figure 4).



Heritage 2023, 6 1704Heritage 2023, 6, FOR PEER REVIEW  7 
 

 

 

Figure 4. Localization of the geomagnetic field area (red square) and the area investigated with 

electromagnetic method (green shape) on a UAV image. 

2.5. Geomagnetic Investigation 

The geomagnetic survey was carried out in the archaeological area using the Over-

hauser GSM-19 (GEM System) in walk gradiometric setting. The Overhauser instrument 

has two magnetic probes located on the operator’s backpack (Figure 5). The two magnetic 

sensors are locked at a mutual distance of about 1 m, and the distance between the bottom 

magnetic sensor and the topsoil was about 20 cm. The adopted gradiometric configuration 

allowed the automatic removal of the diurnal variations of the natural magnetic field. The 

geomagnetic diurnal variation is known as magnetic daily variation, and it is the oscilla-

tion of the earth’s magnetic field, which has a periodicity of about a day. If a single sensor 

is used, a second sensor must be kept in a stationary position to record diurnal variation 

in the Earth’s magnetic field. Daily variation is removed by subtracting it from the roving 

magnetometer measurements. When a gradiometric instrument is moved together across 

a site, the magnetic field gradient is directly obtained. This is important because if the 

magnetic field strength will change during the day, the gradient measure will be the same. 

The geomagnetic survey was carried along parallel profiles 1 m apart with a sampling rate 

of 5 Hz. This grid setting permitted us to obtain a mean spatial resolution of 1.0 m × 0.125 

m. The data were collected with GPS coordinates. 

 

Figure 5. The GSM-19 Overhauser magnetometer used in the archaeological area. 

Figure 4. Localization of the geomagnetic field area (red square) and the area investigated with
electromagnetic method (green shape) on a UAV image.

2.5. Geomagnetic Investigation

The geomagnetic survey was carried out in the archaeological area using the Over-
hauser GSM-19 (GEM System) in walk gradiometric setting. The Overhauser instrument
has two magnetic probes located on the operator’s backpack (Figure 5). The two magnetic
sensors are locked at a mutual distance of about 1 m, and the distance between the bottom
magnetic sensor and the topsoil was about 20 cm. The adopted gradiometric configuration
allowed the automatic removal of the diurnal variations of the natural magnetic field. The
geomagnetic diurnal variation is known as magnetic daily variation, and it is the oscillation
of the earth’s magnetic field, which has a periodicity of about a day. If a single sensor is
used, a second sensor must be kept in a stationary position to record diurnal variation in
the Earth’s magnetic field. Daily variation is removed by subtracting it from the roving
magnetometer measurements. When a gradiometric instrument is moved together across a
site, the magnetic field gradient is directly obtained. This is important because if the mag-
netic field strength will change during the day, the gradient measure will be the same. The
geomagnetic survey was carried along parallel profiles 1 m apart with a sampling rate of
5 Hz. This grid setting permitted us to obtain a mean spatial resolution of 1.0 m × 0.125 m.
The data were collected with GPS coordinates.
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The investigated area is about 15.000 mq, according to the acquisition grid shown in
Figure 6. The disposition of the gradiometric survey was defined in according with the
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archaeologists after the identification of the potential area where the previous archaeological
excavations were located. This process was defined on the analysis of old aerial photos, the
historical Google Earth images, and a new UAV image (Figure 4). After the image work
process, the geomagnetic survey was gridded on the selected area, which was divided into
six parts. Each one is 2500 mq, with a dimension around 50 m × 50 m (Figure 6).
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magnetometer. The yellow lines highlight the six square areas with 50 m × 50 m dimensions for
each unit.

The geomagnetic survey was acquired in zig-zag mode, according to parallel profiles
spaced one meter apart. The walking speed was assumed to be equal to 1 ms−1 in order
to have a high data resolution along each line (sample frequency of 5 Hz). Further, all the
acquisitions are supported by a topographical survey, allowing a centimetre accuracy for
the geophysical acquisition. Indeed, all the geomagnetic acquisitions have been preceded
by the tracking of regular polygons within which the measurements are carried out. The
preliminary elaboration phase of the acquired data consisted of using GemLink software
to remove the outliers imputable to the operator walking. Then, the 70.000 data were
elaborated with the TerraSurveyor software [27]. In detail, the work flow of the geomagnetic
elaboration consisted in filtering the raw data to increase the signal/noise ratio [28]. The
first elaboration step provided a clip process to remove extreme datapoint value. The
second step was defined by the despike filter, which consisted of removing spikes caused
by small surface iron anomalies. Moreover, each data set was processed with a destagger
filter in order to compensate for data collection errors caused by the operator, which started
recording each line too soon or too late. Finally, a destripe process was applied in order to
equalize underlying differences between grids and to reduce the linear features. All the
filtered data in TerraSurveyor software were transferred into the Surfer software, which
is a powerful contouring, gridding, and surface mapping package (Surfer 13.0 of Golden
Software). The filtered dataset was previously interpolated with a regular grid mapped
using the Kriging process with a linear variogram [29]. The last step of the processing
workflow defines the image map tool. The image map process defined the final image
using specific colormaps able to highlight the main magnetic anomalies.

2.6. Electromagnetic Investigation

The electromagnetic survey was carried out in the archaeological area using the Profiler
AMP-400 (GSSI company) (Figure 7). The system acquires the soil electrical conductivity,
which is affected by the water content in soil, as well as water-soluble salt content, soil
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texture, coarse elements, temperature, clay content, mineralogy, cation exchange capacity,
organic matter content, and bulk density [30–32]. It is able to simultaneously measure up
to three frequencies between 1 kHz and 15 kHz, with an inter-coil spacing of 1.2 m. To gain
information regarding the subsoil layers, whose frequencies were at 2, 9, and 15 kHz, were
used, and instruments were set in vertical dipole mode (VDP), and the sample rate was
0.5 s. The penetration depth of any EM method is dependent upon a variety of subsurface
physical properties, as well as the frequency of the inducing magnetic field produced by
the Tx. The effect of these properties can be quantified using a proxy value known as the
skin depth, δ, which represents the depth in the subsurface at which the field strength has
decayed to 1/e (37%) of the surface value [33]:

∆ = 1/
√
πµσf (1)

where σ is the electrical conductivity, µ is the magnetic permeability, and f is the used
frequency of the instrument. In most geological situations, the magnetic permeability µ can
be assumed to be equal to the magnetic permeability of free space, µ0 = 4π × *10−7 H/m.
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Figure 7. The Profile AMP400 used in the archaeological area with the quad cart.

The frequency–domain EM method creates a primary electromagnetic field, which
induces eddy currents in the subsurface material. These, in turn, induce a secondary
electromagnetic field, which modifies the total field. The difference between these two
fields is a function of the subsurface conductivity [34]. Through the assumption of a low
induction number (LIN), the quadrature components (or out of phase) are used to obtain a
qualitative subsurface conductivity mapping [35]:

σ = (360 × *PPM(Q))/f (2)

σ is the electrical conductivity (S/m), PPM(Q) is the quadrature phase (or out of phase)
reading, and f is the frequency in Hz. The measurements were acquired by quad bike along
the parallel inter-row of about 5 m at a speed of about 10 km h−1 (Figure 7). The electrical
conductivity data were elaborated, deleting the spikes and plotting them with a kriging
interpolation tool of the Surfer software (Golden Software). The in-phase components,
which can be related to the magnetic susceptibility of the subsurface, are not shown because
no correlation with geomagnetic data has been identified.

3. Results

Figure 8 shows the results of the elaborated gradiometric MAG data with a kriging
interpolation grid map. The obtained map highlights several anomalies with different
shapes and dispositions. The gradiometric values are ranged between +40 nT/m and
−45 nT/m, and several anomalies are well detected. The first group of anomalies is located
on the western part, where three long parallel gradiometric anomalies are well delineated
(L1, L2 and L3 on Figure 8). These linear anomalies have a direction, W-E, and a length,
from 50 m to 80 m. One of the main peculiar characteristics is the constant inter-distance
between each of them, with a value of about 20 m.
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Figure 8. Gradiometric maps acquired on the Bocca delle Menate archaeological site. The labels
identified the main geomagnetic anomalies.

Moreover, the three linear anomalies L1, L2, and L3 are truncated to the east, where
they are well delineated with regard to the limit of the previous excavation (dashed line
on Figure 9). These anomalies are well compared with the new Google Maps image of the
investigated area, where crop marks are well superimposed with gradiometric anomalies
(white arrows on Figure 9). These phenomena are well detected only when there are
specific conditions of several factors (water content, sediments, mineralogy, vegetation,
sun position, etc.), and the small changes can be seen as marked differences in color in the
context of the normally surrounding vegetation and soil on the image map.
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Figure 9. Gradiometric maps disposed on the recent Google Maps image (top); saturation color filter
applied on the Google Maps image (bottom) with limits of the previous excavations of the Bocca
delle Menate archaeological site (black dashed line on the bottom). The labels L1, L2, and L3 and the
across lines identified the long linear geomagnetic anomalies.

A second group of gradiometric anomalies are located on the east and middle of the
gradiometric map where some regular shapes of them are well detected (Figure 8). The
gradiometric anomalies have irregular shapes, but the gradiometric intensity is comparable
with the presence of archaeological buried remains.
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Even if the gradiometric map highlights three main anomalies (A1, S1, and C1 in
Figure 8) that could be associated with buried archaeological objects, the sketch drawn
during the previous excavation and shown in Figure 3 is not clearly identified on the
geomagnetic image. Only the circular anomaly (C1 in Figure 8) in the central part of the
magnetic map with a diameter of about 8–10 m could have some similarity with the large
circular structure located on the northwestern part of the archaeological plant (Figure 3).
The reasons could be different, for example, the structures identified do not have the
conditions to be identified by the method used for an absence of materials capable of
producing changes in the local magnetic field, or the area investigated does not completely
cover the area of previous excavation.

Subsequently, after geomagnetic prospection, Frequency Domain Electromagnetic
(FDEM) measurements were also carried out through a purpose-built drag system. Such
investigations allow us to obtain both in-phase and electrical conductivity component data.
The Figure 10 shows the electrical conductivity calculated from the out of phase compo-
nent (Quadrature, Q). This component is more sensitive to the electrical characteristics of
the materials in the subsurface and, therefore, comparable with the different geological
lithologies in the area.
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Figure 10. Electrical conductivity maps at different frequencies (15 kHz, 9 kHz and 2 kHz) at the
Bocca delle Menate archaeological site.

Apparent conductivity maps were obtained by acquiring different frequencies, from
the lowest (2000 Hz) to the highest (15,000 Hz), indicating the different depths of investi-
gation, as identified by the skin depth formula, according to which at the same value of
electrical resistivity of the subsurface the relationship between skin depth and frequency is
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inversely proportional (low frequencies -> high depth of investigation; high frequencies ->
low depth of investigation). Therefore, according to the above relationship, the maximum
investigation depth was about 2–3 m.

The apparent conductivity maps in Figure 10 generally show lateral variability fol-
lowing the EW direction through a series of elongated electrical conductivity shapes in the
NS direction with a curvilinear pattern. In detail, in the eastern part, we have relatively
lower values (<50 mS/m, green-yellow-orange color), which, with increasing depth (or
decreasing frequency), become diffusely less conductive (<30 mS/m, orange-red color). In
the part toward the west, on the other hand, a series of relatively more conductive areas are
observed (>50 mS/m, greenish-blue color). Only in the area to the northwest is a wedge-
shaped area observed with relatively low conductivity values (<20 mS/m, yellow-orange
color). Comparing the results of the magnetic and the electromagnetic maps, it is clear
that the two methods observe the subsoil with a different observation: no areas, where
both magnetic and electromagnetic anomalies are present, were found in the common
part. In fact, the quadrature component gives us more information about the background
characterizing the area of investigation. In fact, it can be observed that the obtained results
could be compared with the geological evolution of the area during the continuous changes
in the morphology of this floodplain area of the Po River delta. On conductivity maps,
several features are well detected compared with the geological/geomorphological map
in Figure 2. Figure 11 delineates the previous interpretation where the conductive map,
obtained from the quadrature component of the 15,000 Hz acquired data, is located on the
Google Maps image. The sand deposit of the Po on the western part is well delineated with
the high conductive zones, and the canal coming from the work of 1959 is well observed,
where the low conductive values are well delineated. Even if the electromagnetic data
were not able to delineate the archaeological buried remains, as the geomagnetic survey
detected, the EM data highlighted geomorphological and anthropic features, which are
very important in this area because the historical evolution of the archaeological site is
connected with them.
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Figure 11. Electrical conductivity maps coming from the quadrature components acquired at
15,000 Hz disposed on one of the available Google Earth images, where the geomorphological
features are well identified.

4. Discussion and Conclusions

The archaeogeophysical work carried out at the archaeological site of Bocca delle
Menate (Comacchio, Ferrara, Italy) shows the great potentialities of the geophysical method-
ology adopted for the reconstruction of buried structures and on their preservation.
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The geomagnetic and electromagnetic measurements highlight several magnetic
anomalies, but only a circular anomaly clearly visible on the geomagnetic map should
be recognized with the monumental circular structure to the NW of the excavated area,
which was associated with a cistern. The incompatibility of overlap between the identified
anomalies and the archaeological sketch could define the possibility that the detected
archaeological structures during the old excavation were removed or stollen during the last
50 years. A second interpretation of these results should be associated with the possibility
that the structures were remodeled during the intense farming activities, as testified by
archival documents. Unfortunately, even if the authorities lie in persuading farmers to join
agricultural stewardship schemes with low impact methods for buried archaeological struc-
tures, after 50 years without control, the human memory forgets the imposed limitations.
Moreover, the used methodologies should define a new ability for the detection of buried
archaeological remains already excavated and which have passed decades beneath the
earth. In fact, for a long time, the old archaeological buried findings, in term of preservation
and conservation, could not be checked in the site. Therefore, from this perspective, the
indirect geophysical methods could be excellent monitoring tools.

The importance of the archaeological site of Villa in Bocca delle Menate for the knowl-
edge of the settlement dynamics during the Roman age in the Comacchio territory is well
testified regarding several geophysical anomalies detected in the investigated area. These
great number of geomagnetic anomalies are often distributed regularly in the site and,
therefore, they could be associated to the presence of buried structures. The three linear
anomalies (L1, L2, and L3 on Figure 8) are still in an archaeological debate between boat
docking structures on a paleo-river close the Villa to water drainage canals. The interpretive
doubt will be removed when excavations will be scheduled.

The Frequency Domain Electromagnetic (FDEM) results return the distribution of
the electrical conductivity at different depths, allowing us to also define the variations of
surface lithology of the site, with direct information both on the paleo environment of the
area, but also on the anthropogenic interventions by which the site has been affected. In fact,
from the obtained electrical conductivity variation map, we had the possibility of locating
a part of the canal of the temporary water-scooping machine in Lepri valley, built for the
reclamation of the Mezzano valley in 1958 and closed in later times. Future geophysical
activities, based on the integration of ground penetrating radar and electrical resistivity
measurements analyses, will give new impetus for the archaeological research, providing
fundamental information about the shape and distribution of the buried structures placed
in the urban plan and admirably detected by the first geomagnetic analyses.
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