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Abstract: In the contemporary era, the exploitation of aquifers in the agricultural sector has become
increasingly important. In response, researchers have directed their efforts towards the formulation of
effective methodologies, with geophysical prospecting emerging as a fundamental tool in locating the
best underground deposits. The magnetic prospecting technique can discriminate between different
categories of rocks, which facilitates the localisation of geological contacts—an essential factor in
determining the strategic location of boreholes, while electromagnetic time-domain prospecting helps
in the definition of sedimentary strata. In particular, this process reveals the important influence
of tertiary and metamorphic formations on the regional hydrogeological framework of the studied
area. The variable yields recorded in the wells in the area that have yielded good results are a clear
indication of the presence of aquifers. However, it is important to note that numerous wells have been
drilled in this region that have yielded negligible or even zero flow rates. Prudent selection of the
location and depth of boreholes is essential to ensure proper management of this resource. The use of
drones equipped with magnetometers is essential to speed up the spatial mapping process. Empirical
results corroborate the accurate classification of lithological units, thus facilitating the selection of
sites for groundwater abstraction. These studies serve to validate initial hypotheses and profoundly
enrich our understanding of the hydrogeological dynamics of the site, thus providing avenues for
optimal and sustainable exploitation and future academic research.

Keywords: aeromagnetics; drone survey; geophysical prospecting; hydrogeology

1. Introduction

In the 21st century, the exploitation of aquifers has become one of the main objectives of
the agricultural sector, both to expand and improve existing farms. This growing trend has
sparked a keen interest among researchers, who are focused on finding different methods
to address this issue in different geological contexts [1-6].

Currently, the techniques used, such as geophysics, require considerable physical
effort and face difficulties of access due to topography or vegetation. Therefore, one of the
main concerns among geophysicists is the need to adopt methods that are more convenient,
faster and able to cover larger areas.

In this paper, we propose an advanced methodology for the effective characterisation
of geological strata. We focus in particular on the application of electromagnetic soundings
in order to deepen the understanding of the Tertiary strata located in the study region.
These soundings are presented as a valuable complement to magnetometry techniques. We
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also integrate the use of unmanned aerial vehicles (drones) as an essential component in the
generation of detailed mapping of the metamorphic materials found in this research area.

In general, metamorphic materials tend to be aquifers with low levels of permeability,
making them difficult to exploit. In many cases, they are hardly viable for use. To obtain
more interesting flow rates, it is necessary to locate fracture zones or contacts between
different materials [7-9]. In this sense, the mapping of the area by means of magnetic
prospecting is of great help in the strategic location of these boreholes.

Indeed, magnetic surveying has the ability to differentiate between different types
of metamorphic rocks, a feature that can be difficult to achieve using other geophysical
variables. This distinguishing ability makes magnetic surveying a valuable tool for the char-
acterisation and detailed study of metamorphic formations, which in turn helps to improve
accuracy in the identification of potential aquifers and areas of interest for exploitation [10].

2. Geological and Hydrogeological Context
2.1. Geological Context

The region between the Sierra Albarrana and Obejo-Valsequillo-Puebla de la Reina do-
mains hosts metamorphic materials with a dynamothermal evolution that differs markedly
from the rest of the area. These rocks are delimited by large-scale longitudinal faults and
include a varied range of formations, including volcanic, detrital and granitic materials of
Carboniferous and Tertiary—Quaternary age.

In this geographical area (Figure 1), two distinct groups of metamorphic rocks have
been identified: The Higuera de Llerena-Hinojosa del Valle Group and the Atalaya Group.
These groups represent a significant geological unit that has been the subject of extensive
research due to their unique evolution and composition. The presence of these metamorphic
rocks, together with the specific tectonic configuration of the area, makes this place an
exciting field of study to deepen the understanding of the geological processes that have
shaped this region [11].
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Figure 1. IGME MAGNA. Usagre sheet (855). Geological Map of Spain (E. 1:50,000). Precambrian
(Formation 1 and 2), Tertiary (Formation 3) and Quaternary (Formation 4 and 5) [11].

The study area is located in the Higuera de Llerena-Hinojosa del Valle Group. Here,
different types of metamorphic rocks can be identified. On the one hand, there are meta-
granites, quartz schists and/or ultramylonites (Formation 1). These metamorphic rocks
have a schistose appearance and are mainly composed of minerals such as quartz, feldspar
and a pelitic matrix.
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On the other hand, in the same area, there are also orthogneisses (Formation 2) that
have their origin in granites, tuffs or acid volcanic rocks. These orthogneisses are rocks that
have undergone a process of metamorphism and are characterised by a distinctive texture
and composition.

The presence of this diversity of metamorphic rocks in the study area offers a valuable
opportunity to investigate and understand the geological processes that have been at work
in this region, as well as to analyse the transformations and evolution that these formations
have undergone over time.

In the upper part of these materials is a Tertiary formation (Formation 3) that is
mainly composed of siltstones and argillites, which originated from the decalcification of
limestone outcrops. Towards the base of this tertiary formation, levels of sandstones and
conglomerates with calcareous cement are observed.

This set of Tertiary formations adds an additional layer of geological interest in the
study area. The process of limestone decalcification and the subsequent deposition of
siltstones and argillites have contributed to the present configuration of the area, while
the presence of sandstones and conglomerates with calcareous cement provides valuable
information on the sedimentary and paleoenvironmental conditions that prevailed during
their formation.

In the vicinity of the municipality of Valencia de las Torres, there is an interesting
alluvial formation (Formation 4). This formation is characterised by thick deposits found in
rivers and flood plains. These deposits are mainly composed of quartzite gravels and sand.

In addition to this, in the areas with steeper relief near Valencia de las Torres, colluvial
deposits and alluvial soils can be observed (Formation 5). These colluvial deposits and
alluvial soils are interpreted as the result of the accumulation of materials from the erosion
of Plio-Quaternary materials in the region. It is important to highlight that, in these
areas, the influence of human activities has played a relevant role in the configuration of
these deposits.

Although bibliographical data exists on the geology of the area, there are still un-
knowns regarding the arrangement of the metamorphic rocks in the areas of Tertiary
and Quaternary cover. These unknowns add a level of intrigue to the understanding
of the geological history of the region, and this is an area where continued research can
provide valuable insights into the geological evolution of Valencia de las Torres and the
surrounding area.

2.2. Hydrogeological Context

In the research area, Precambrian and Palaeozoic terrains are mostly impermeable,
with the exception of Cambrian limestone outcrops, which have the capacity to store
significant amounts of water. Highly competent rocks can also act as good aquifers if they
are highly fractured. However, most other materials present very little potential as aquifers
from a general point of view. Only small water uptakes can be expected, especially in areas
where fracture zones exist or in areas that have undergone high geological alteration.

In summary, the region has limited availability of significant aquifers, with the most
significant being Cambrian limestone outcrops and highly fractured rocks. It is important
to take these geological characteristics into account when approaching any water resource
exploitation project in the area.

Tertiary and/or quaternary deposits are materials that are characterised by their
crumbly nature, i.e., their composition is brittle and easily eroded. These materials are
deposited or formed on an impermeable substrate, resulting in what is known as a hanging
deposit. These deposits, being on an impermeable base, allow water to flow into the
existing streams in the area. This situation is clearly perceptible, and a series of springs can
be identified at the same level, indicating the level of contact between these materials and
the impermeable substrate.

Water abstractions in these reservoirs tend to be quite shallow, generally with depths
ranging from 0 to 20 m. The flows obtained from these catchments tend to be moderate, as



Appl. Sci. 2023,13, 10949

40f16

the permeable nature of the reservoirs does not allow for the accumulation of large volumes
of water.

It is very interesting to know that in the surroundings of the study area, there is a
borehole catalogued by the Guadiana Hydrographic Confederation (CH-1). This borehole
represents a valuable source of information on the availability and quality of water in the
region. The cataloguing by the confederation indicates that these boreholes have been
subject to rigorous monitoring and analysis, which provides a reliable database for the
hydrogeological study and sustainable management of water resources in the area.

We are thankful for the information provided on the borehole present in the study
area. According to the data provided, this borehole has a depth of approximately 50 m,
while the water level is around 10 m. The recorded flow rates are 11 L/s. It is important to
note that the lithology of the borehole is composed of metagranites, quartz schists and/or
ultramylonites, according to the data provided by the data platform [12].

This information is relevant for the hydrogeological analysis of the region, as it in-
dicates the existence of aquifers in the area. The depth of the boreholes suggests that the
groundwater is at an accessible distance, which may favour its use by means of appropriate
extraction techniques.

Variable flows are indicative of the dynamics of groundwater flow, which can be
influenced by various factors such as seasonality and local hydrological characteristics.
These moderate flows represent a significant source of water, which can satisfy various
water requirements, provided they are managed in a responsible and sustainable manner.

The presence of metagranites, quartz schists and/or ultramylonites in the borehole is
relevant, as these metamorphic rocks have the capacity to contain and transport ground-
water. These lithological characteristics offer promising potential as natural aquifers in
the region.

It is relevant to mention that, in addition to the boreholes catalogued by official bodies,
additional research was carried out in boreholes close to the study area carried out by
private individuals. These boreholes are not officially registered, which means that it is not
possible to be absolutely certain about the quality and reliability of their data.

Nevertheless, the information obtained through this research is valuable, as it sheds
light on the existence of SH-1 flows of 2-2.5 L/s, SH-2 of 1-1.5 L/s and SH-3 of 1 L/s. The
variability in flow rates points to the natural dynamics of groundwater flow in the area,
which may be influenced by different hydrological and geological factors. In addition, it
is important to note that numerous boreholes have been drilled in this region that have
yielded negligible or even zero flow rates.

In conclusion, we can see that, in general, the flow rate of the boreholes depends on
the metamorphic formation in which they are located, ignoring the small tertiary cover of
no more than 20 m in some cases. It should be noted that the supply borehole (CH-1) is
located on a Quaternary formation which the rest do not have, in addition to the Tertiary,
which may indicate a thickening of the thickness of this formation and be the factor for this
increase in flow. For our assessment we will not take this borehole into account, as it yields
data that are probably not consistent with the metamorphic rocks.

3. Materials and Methods
3.1. Site Conditions

The data used in this study were collected during the spring of 2020, on a day that was
partly cloudy but mostly sunny. During data collection, the temperature remained at a pleas-
ant average of 19 degrees Celsius, while wind speed remained constant at 5 m per second.
The location is characterised by spring weather, with average temperatures varying be-
tween 20 and 30 degrees Celsius, and wind speeds generally below 5 m per second. These
climatic conditions favoured data acquisition and ensured the accuracy of the results.

The study was carried out over a three-hour period in a large rain-fed agricultural
area. In this area the presence of trees is scarce, except in the plots located to the east,
which contain vineyards and olive groves that were not the subject of our analysis. The
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topography of the region shows minimal variations, with a difference of less than 2 m from
north to south, making it gentle and practically flat. This topography provided optimal
conditions for data collection, greatly simplifying our research.

To mitigate possible risks (although they were not considered particularly relevant in
our study area, such as collisions of the drone with topographic elements or vegetation),
a digital elevation model (DEM) of the area was previously elaborated. In this flight
the most essential geometric criteria for photogrammetric applications [13] were applied,
which guaranteed the obtaining of high-quality cartographic data and a Ground Sampling
Resolution (GSD) of 4 centim per pixel.

DEM generation was carried out using a DJI Mavic 2 Pro drone equipped with a 1-inch
CMOS sensor, flying at an altitude of 150 m above ground level (AGL). This approach
ensured a stable and safe flight, which allowed us to obtain accurate and reliable results for
our research.

In addition, a short electromagnetic sounding campaign was conducted to assess
the possible thickness of the Tertiary strata [14,15]. This campaign consisted of three
electromagnetic soundings arranged in a 75 x 75 m profile.

3.2. Platform and Flight Planning

In the current study, the Dji Matrice 600 Pro multi-rotor hexacopter was used (Figure 2),
which has an A3Pro flight controller and is compatible with UgCS mission planning
software. This device has a total take-off weight of 9.6 kg and a maximum payload capacity
of 6 kg, and is powered by 6 lithium polymer batteries with a capacity of 4500 mAh.

Figure 2. Registration system. (A) Mavic Matrice 600 Pro hexacopter drone; (B) base magne-
tometer for diurnal corrections; (C) static drone position with the magnetometer hanging below;
(D) Terra-Tem equipment.
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The flight speed was set at 5 m per second, with a sampling interval of 200 milliseconds,
allowing measurements to be taken at one-metre intervals along the recorded profile. A
flight altitude of 20 m above ground level (AGL) was selected to maximise sensor resolution
and ensure safety from potential obstacles. In addition, the previously acquired digital
elevation model was incorporated into the flight plan. Finally, a tolerance level of 1 m was
defined for altitude adjustments during the flight.

The design and control of the project was carried out using UgCS flight software.
Seven parallel survey lines of varying lengths were implemented, oriented in a N45E
direction and perpendicular to the regional geological structure. A distance of 25 m was
maintained between each line to achieve high spatial resolution and to capture variations in
the target magnetic field (Figure 3). Given the vastness of the study area, the total flight was
divided into two blocks, choosing a take-off and landing point considering the capabilities
of the batteries.

4,255,200

4,254,800

4,254,400

240,600 241,000 241,400

Figure 3. Flight plan made for magnetometry.

The resulting effect of the separation between the sensor and the surface leads
to a slight reduction in spatial resolution and intensity, in contrast to ground-based
investigations [16,17]. However, this decrease is compensated by a constant and higher
density data acquisition.

3.3. Magnetometry

The drone was equipped with a GEM-Systems GSMP-35U potassium vapour mag-
netometer, which has a sensitivity of 0.0002 nT/1 Hz. This system also has the capability to
simultaneously record the magnetic field and to incorporate a real-time single-frequency
(L1) GPS receiver.

This equipment consists of multiple components, including a sensor connected by
cable to a controller, a data logger, a 5 V battery power supply and a GPS receiver, with a
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total weight not exceeding 2 kg. To ensure the stability and safety of the system, careful
adjustments were made to locate and balance the data logger and batteries inside the
drone’s cargo compartment. In addition, the GPS antenna was placed on top of the drone
to ensure continuous signal reception.

Regarding the accuracy of the magnetic sensor, it is important to note that interference
from vegetation, topography, soil moisture and rock features is negligible. However, it is
crucial to keep in mind that topography plays a decisive and essential role in the generation
of the three-dimensional (3D) model.

Due to the presence of magnetic interference generated by the electromagnetic motors
inside the drone platform, significant measures were implemented to counteract this
effect [18,19]. The magnetic sensor was placed at a distance of 3 m from the base of the
drone and connected to the main system via a cable. This strategic arrangement allowed
the influence of the magnetic field produced by the motors to be minimised, preventing it
from affecting the measurements made by the GSMP-35U magnetometer [20].

To prevent pendulum motion of the sensor, which could cause variations in roll, pitch
and yaw axes, additional 25 m segments were added at each end of the flight lines during
180-degree turns. This approach allowed greater leeway and reduced the likelihood of
sudden or unexpected movements affecting the measurements.

The installation of the magnetic sensor was carried out without rotation restrictions
on any of the axes, which provided greater freedom of movement during operations.
Specific measures were implemented in the project design to ensure the accuracy of the
measurements and minimise any possible interference.

In addition, the flight speed was reduced, which contributed to a more stable and
controlled operation. The lower speed facilitated better control of the drone, which in turn
helped to minimise unwanted sensor oscillations.

Simultaneously, a fixed magnetometer was installed in a nearby location free from
sources of magnetic interference. Its purpose was to calculate the correction for the diurnal
effect, which occurs due to the temporal variation of the magnetic field throughout the
day (Figure 2B).

The fixed magnetometer was set up with a total field recording interval of 1 s.

3.4. TDEM

A series of 75 x 75 m electromagnetic soundings were carried out using a “coincident
loop” type measuring device. Data were acquired using Terra-Tem equipment designed by
Monex GeoScope (Figure 2D).

Time domain electromagnetic surveying (TEDM) is performed by introducing a con-
stant current into a closed circuit or transmitter coil (Tx). This action gives rise to a constant
primary magnetic field. Then, when the current flowing through the transmitter coil (Tx)
is abruptly interrupted, the previously constant primary magnetic field begins to decay
gradually over time.

Following the principles of Faraday’s Law, when a body is exposed to a time-varying
magnetic field, electric currents are generated in the subsurface. These currents follow
closed paths underground, moving both in depth and laterally. Over time, the strength
of these currents decreases, giving rise to a transient secondary magnetic field that also
vanishes at the surface.

This secondary magnetic field induces a temporary variation in the voltage within the
receiver circuit (Rx). The way this voltage decreases provides valuable information about
the resistivity of the subsurface. Both the magnitude and the distribution of the induced
currents are closely related to the resistivity properties of the medium. It is important to note
that this process is depth-migratory, which implies that short duration stresses provide
information about the resistivity of the shallow layers, while longer duration stresses
provide knowledge about the resistivity of the deeper layers of the subsurface [21-23].
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3.5. Data Processing

The magnetometry data were processed using OASIS Montaj 9.8 software, using
conventional methods to calculate anomalies and produce residual anomaly maps through
a variety of filters. In an initial phase, inaccurate values resulting from drone position,
take-off and landing manoeuvres, orientation, excessive roll and temporal discrepancies
between the sensor and the drone were filtered out. Points located at the most extreme
extensions of the survey lines and other outliers were excluded using a one-dimensional
median filter. Finally, a correction using the diurnal variation of the Earth’s magnetic
field values, caused by solar activity, was applied to adjust the data collected during the
study period [24].

Regarding the TDEM data, they were acquired using a “coincident loop” configuration
and square loops (both emitter and receiver) of 75 m length per side. A minimum of
1000 measurement repetitions per channel were performed, and tests were carried out at
different gain levels in order to minimise any influence of electromagnetic noise present
in the environment. The results of the various decay curves obtained in the field were
presented using the Monex GeoScope “TEM Plotting Program v 2.0.0”. In addition, the
same program was used to generate the corresponding geoelectric profile [25].

4. Results
4.1. Total Magnetic Field and Reduction to Pole

The data interpretation process starts with the calculation of the Total Magnetic Field
(TMF) from the filtered records (Figure 4A), followed by the application of the Reduction
to Pole (RP). By combining the magnetic inclination and declination data in the sampling
area, together with the use of the International Geomagnetic Model Reference Magnetic
Field (IGRF), it is possible to obtain a direct representation of the primary magnetic sources
responsible for the generating bodies (Figure 4B) [26,27].

By examining both representations, a variation in the magnetic field that delimits the
study area into two distinct formations stands out. Formation 1 is composed of metagran-
ites, quartz schists and/or ultramylonites (target formation), while Formation 2 corresponds
to orthogneisses (very impermeable formation with low hydrogeological possibilities).

The results reveal a disparity of up to 20 nT in the magnetic field between these two
geological structures. Interpretation of these data suggests that the lower magnetic field
values are linked to the metagranites, quartz schists and /or ultramylonites that make up
Formation 1 due to their lower magnetic propensity, compared to the orthogneisses of
Formation 2. [28,29] This conclusion is strengthened by the location of nearby drill holes,
which indicate a higher permeability in Formation 1.

A critical aspect is the precise identification of the contact point between these two
geological structures. The proximity to this transition zone is crucial, as a decrease in flow
is anticipated due to the limited aquifer capacity of Formation 2.

This analysis provides valuable information to guide decisions in planning the ex-
ploitation of groundwater resources. This enables a more informed choice in the selection of
sites for well drilling and a deeper understanding of the local hydrogeology, thus enriching
the knowledge base for sustainable groundwater resources management.
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Figure 4. Total magnetic field (A) and pole reduction (B).
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4.2. D Inversion Model

The generation of a high-resolution uniform grid using drones has enabled the creation
of three-dimensional models that visualize the magnetic susceptibility by applying an
advanced inversion technique [30]. The resulting model has been built using the VOXI Earth
Modelling software from OASIS Montaj. This tool has greatly simplified the identification
and spatial delimitation of the magnetic bodies of interest.

The results obtained from this modelling process (Figure 5) show the existence of two
geological bodies with contrasting magnetic susceptibilities. These findings are of great
relevance for the discrimination of the different geological formations present in the study
region. It is noteworthy that the lowest magnetic susceptibility corresponds to Formation 1,
while the highest susceptibility is associated with Formation 2. It is noteworthy that the
metagranites, quartz schists and/or ultramylonites exhibit a markedly lower iron content
compared to the orthogneisses, which is essential for the accurate interpretation of our
geological model. Moreover, this distinction manifests itself continuously as one goes
deeper into the subsurface.

Figure 5. 3D model of the study area.
4.3. TDEM

Three electromagnetic soundings (Figure 6) were carried out to acquire information
about the Tertiary stratum in order to gain a more precise understanding of the geological
column present in our investigation. These tests reveal a more conductive portion cor-
responding to the Tertiary stratum, followed by an abrupt transition to a more resistive
material of a rocky nature, although no changes in it are discernible as anticipated [31,32].

These results show a limited thickness in the Tertiary stratum, which lacks sufficient
entity to be considered an aquifer. Moreover, its composition is made up of materials of
little hydrogeological interest.

As for the contact between the Precambrian formations, it is not possible to deter-
mine its position by TEDM or any other geophysical method from which the resistivity
parameter is obtained, given the lack of resistivity contrast between the Precambrian
formations present.
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Figure 6. Situation of electromagnetic soundings and interpreted electrical conductivity profile
formed by the electromagnetic soundings and apparent resistivity curves of the different electro-

magnetic soundings.

4.4. Geological Interpretation, Site Location and Drilling Results

TDEM tests in our study area have yielded results consistent with the presence of a
Tertiary cover, as shown in the geological map of the area. However, the configuration of
the contact between the Precambrian formations remains an unresolved enigma.

Fortunately, thanks to the application of magnetic investigation techniques, we have
been able to identify the point of contact between the formations below the Tertiary layer.
This contact is clearly and distinctly in the northwest direction, as can be seen on the geolog-
ical map. By superimposing our findings on the map, together with a precise extrapolation
of this contact point, we have managed to visualise how it aligns relatively coherently with
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the previously determined trajectory of this particular contact. This interesting result can
be seen in Figure 7.
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Figure 7. Contact path image between Formation 1 and 2. Precambrian (Formation 1 and 2), Tertiary
(Formation 3) and Quaternary (Formation 4 and 5).

This breakthrough represents a significant step forward in our understanding of the
geological layout of the area. By linking the magnetic data with existing geological mapping,
we have been able to infer the location of the contact between strata in the subsurface,
providing valuable information for the characterisation of the region studied.

Using these results and the information gathered from boreholes, we can propose sites
for exploitation of the aquifer of greatest interest (Figure 8).

The selection of drilling sites is based on two main criteria supported by magnetic
scanning data, while electromagnetic (TDEM) data were not useful in this respect. These
criteria focus on the most favourable lithology (S-1) and the point of contact between
geological formations, which could indicate a more fractured zone (S-2).

It is important to note that the location of borehole S-1 is determined on the basis of
the lower magnetic susceptibility recorded in the results, looking for a greater presence of
material of higher permeability. On the other hand, borehole S-2 is located in the contact
zone between both geological formations, but within the formation of greatest interest.

In relation to borehole S-1, the data collected indicate an estimated flow rate of around
2-3 L per second (L/s), which coincides with nearby boreholes and previous boreholes
drilled in the same geological formation. As for borehole S-2, due to its location between
two formations and its greater degree of alteration, the estimate of the flow rate is less
certain, although its proximity to an impermeable edge suggests a lower estimate than in
the previous borehole.

Both boreholes (Figure 9) were drilled to a depth of 100 m in both cases, revealing
an approximate flow rate of 3 L/s in borehole S-1 and 2 L/s in borehole S-2. These data,
although requiring careful consideration due to the absence of regular testing through-
out different seasons of the year, provide valuable context to support our site selection
hypotheses and rationale.
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Figure 8. Location of soundings (S-1 and S-2).

Figure 9. Image of drilling rig at site S-1.
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The higher flow rate recorded in borehole S-1 supports the initial assumption of higher
permeability at this location. On the other hand, the lower flow rate obtained in borehole
S-2 evidences the nature of the contact between both formations. In addition, it is relevant to
note that the material drilled in borehole S-1 was mostly identified as greywackes, whereas
borehole S-2 passed through an alteration zone composed of quartz schists, greywackes
and ultramylonites.

5. Conclusions

The findings of this current study, based on the application of magnetometric technol-
ogy using drones to map metamorphic formations for the purpose of identifying locations
suitable for drilling groundwater extraction wells, constitute an immensely valuable tool
that effectively and rapidly facilitates the mapping of lithological variations in the terrain.
In addition, it should be noted that the application of airborne methods enables us to
explore much larger geographical areas in significantly reduced time intervals. These
methods are particularly effective in the analysis of areas that are difficult to access, either
due to complex topographic conditions or dense vegetation, while minimising the physical
effort compared to traditional geophysical techniques. The synergy of these elements leads
to significant economic savings in the investigation of large areas.

In this specific investigation, it has been possible to distinguish precisely between the
different types of materials present, such as orthogneisses, metagranites, quartz schists
and ultramylonites. This detailed mapping, which shows the spatial arrangement of these
materials, is of considerable importance in the process of selecting and locating extraction
pits. This is achieved by proposing the identification of the materials with the highest water
potential, as well as the location of contact points between the geological strata. In addition,
it is noteworthy that this technology also allows the detection of fractured zones in other
types of geological materials.

It is particularly significant to highlight the results obtained by magnetic investigation
under a tertiary layer, which was an uncertainty from a bibliographical point of view, and
which we have had the opportunity to verify effectively.

It is relevant to underline that the results obtained, presented in their direct form, have
contributed substantially to the confirmation of our previous hypotheses, thus enriching
our understanding of the hydrogeological behaviour of the studied environment. These
findings have not only validated our initial theories, but have also opened new perspectives
to broaden our knowledge in this particular field.
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