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Abstract: Relationships between geoheritage and cultural heritage are increasingly becoming a topic of study,
especially in urban contexts. Their integrated reading adds value for educational and urban geotourism
purpose, being the latter an emerging sector of sustainable tourism. The case study of the monumental complex
of San Francesco le Moniche, built in the ancient Norman county Aversa, in the northern Campania (Italy), is
analyzed here. The cultural heritage of the monumental complex and the additional value associated with the
natural heritage (geological and geomorphological context, building stones) have been linked. The building
stratification of the complex has been read not only from documentary sources, but also from the distribution
and architecture of the existing underground cavities, the building stones, from ancient images and even
postcards, integrating disciplines such as geosciences, architecture, archaeology, speleology, engineering. The
results provide a clear example of a geoheritage-cultural heritage interface and the importance of an integrated
approach in the valorization of the cultural and natural heritage of urban areas. The results allowed us to
improve the knowledge of the study site and provide useful tools for the planning of future targeted
investigations.

Keywords: Campania Plain; Italy; Campania Grey Tuff; underground cavities; building-stone;
architecture; historical heritage; geoheritage; historical cartography; multidisciplinary
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1. Introduction

In recent years, multiple linkages between cultural heritage and geoheritage were identified and
highlighted [1,2], although the term "geoheritage" is more often related to rock, fossil and landform
records [3]. The themes underlying geoconservation contribute to cultural heritage especially in an
urban context, for example where the preservation of buildings of cultural interest also involves
adequate consideration of building-stone heritage. Therefore, the heritage stone represents a theme
of interest with numerous examples from European cities and the World Heritage Committee of
UNESCO stated in 1972 that it is not possible to separate natural from built heritage [4].

The geological background of these cities can be read not only in famous historical buildings
erected from characteristic stones and from the way in which these rocks are assembled and worked,
but also from the sites of stone extraction, that is ancient quarries, often located within the cities or in
the subsaoil [5].

The use of natural mineral resources is also considered a topic at the interface between
geoheritage and cultural heritage, aspects that are readable in the various sites and methods of
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extraction, up to the use of rock blocks and their transport to destination sites. From this perspective
quarrying can be considered part of cultural heritage, including excavation techniques; the
architecture of the underground cavities, up to their subsequent reuse, is sometimes also converted
into burial areas (under places of worship) and is in turn included in “cemeterial geotourism” [6,7].
These artificial cavities are considered the witness of the historical relationship between man and
territory and have become the object of study as an "underground heritage", also emphasizing the
use of stone resources in buildings, including dwelling houses and conversion to other uses [8].

Therefore, for this reason the enhancement of the architectural, artistic and landscape heritage
cannot be separated from a detailed knowledge of the underground environments of anthropic
origin. The growth of cities has not only obliterated previous landforms, but has also eliminated
trace/evidence of the sites of origin of building stones, to the point of representing a risk for their
susceptibility to sinkholes where these sites are in the subsoil [9-13]. This is even more dramatic when
it happens underneath buildings of historical and cultural interest. From this perspective, the Italian
Speleological Society provided a recognition and a Classification of Artificial Cavities, later adopted
by the International Union of Speleology [14,15], thus attributing a cultural dimension to mining and
quarrying that has received increasing recognition from the World Heritage Committee of UNESCO
[2].

Geoheritage aspects also benefit from the support of artistic and literary documentation. Art
presentations of sites that have been destroyed or altered can help to decipher the landform changes
that occurred through time and to read any signal of the past characteristics [16]. In this sense,
analysis of paintings, postcards and historical maps would help understanding the above changes
and to valorize what remains as evidence of them. It is well known, in fact, that bibliographic and
archival sources are essential for tracing and understanding the different socio-cultural contexts that
have occurred during the various eras [17] and which have determined important urban and
landscape transformations [18-20]. Historical cartography offers a unique perspective on the
geospatial development of an area [21]: historical maps not only represent territories, but also reflect
the perception and knowledge of the world in different eras [22], and therefore allow to trace urban
expansion and landscape transformations, offering insights into urban planning and infrastructure
development [23], and, with the support of historical sources, valuable information for the
conservation and valorization of the historical-architectural heritage [24]. Ancient illustrations
(author's drafts, drawings and photographs) are a window on the past as well, offering a visual
confirmation of places and a detailed picture of their transformations over time, contributing to the
understanding of evolution [25-28].

Finally, it should be underlined that many sites, which are recognized as having a high cultural
value, also as UNESCO World Heritage sites, can contain interesting information both in terms of
landforms and rock outcrops [29] which, in turn, significantly help in the interpretation of the history
and evolution of these cultural heritage sites [30].

In northern Campania (Southern Italy), the historic center of many towns is characterized by the
widespread presence of underground cavities excavated in the pyroclastic deposits widely
distributed in the subsoil of the plain areas [31-41]. These environments testify to the multi-centennial
exploitation of local geo-resources through the extraction of tuff rock, widely used in constructions,
from ancient age structures to the seventeenth-century churches and palaces, passing through
medieval convents and basilicas, up to modern-age constructions [42]. The resulting underground
environments responded then to various social needs, such as the conservation of agricultural
products, the burial of the dead, the cult of saints, and the general hydraulic needs of inhabited areas
such as transport and storage of water, both rain and spring. Therefore, these underground
environments, in addition to guarding any archaeological finds, are themselves architectural assets
of considerable cultural and scientific value.

On this basis and considering the importance of such elements as attractors for tourism, a
multidisciplinary study was conducted on a worship in the Caserta area: the Monumental Complex
of San Francesco le Moniche, in Aversa (XIII century CE). The stratification of the complex can be
read not only from documentary sources, but also from the distribution and architecture of the
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existing cavities and from ancient images, even postcards. The recovery can certainly be included in
a geotourism itinerary also based on virtual travel.

2. Study Area

The study area, in north-western part of Campania Region (Italy; Figure 1a) corresponds to the
northern and north-eastern part of the Campania Plain, a broad, complex graben closely controlled
by NE-SW, NW-SE and E-W normal fault activity, along the Tyrrhenian side of the Apennine
Mountains. The sedimentary evolution of this graben was conditioned by the fluvial and marine
processes and the volcanic activity of the Campi Flegrei, Somma-Vesuvious and Roccamonfina
volcanoes [43-47].
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Figure 1. Location map of the study area and the Monumental Complex of San Francesco le Moniche.
a) Geographical and geological framework of the Campanian Plain and location of the city of Aversa;
b) urban evolution of the city in various historical periods; c) aerial view of the current San Francesco
Complex (14.206673°E, 40.973515° N) and surrounding areas.

The considered sector of the plain is characterized by a flat morphology between 95 and 20 m
a.s.]. In this area the subsoil is formed by the succession of different units composed of volcanoclastic
deposits, in particular related to the Campania Grey Tuff (CGT; 39 ky B.P) [48] and Neapolitan Yellow
Tuff (NYT; 15 ky B.P.) [49] piroclastic eruptions from the Campi Flegrei volcanic district [50].

The CGT deposits, in particular, were settled on the whole Campania Plain, giving rise to a thick
(up to 40 m thick), laterally continuous, volcanoclastic unit, characterized by different lithofacies
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mostly derived from the different mineralogic composition [51-53]. The good mechanical
characteristics of the tuff lithofacies justify the presence of numerous quarries and/or cavities,
according to the availability of adequate thicknesses of coherent lithofacies [40,41].

The city of Aversa is located in the Campanian Plain north of Naples and was built on a flat
surface characterized by a predominantly volcaniclastic substrate originating from the eruptive
activities of the Campi Flegrei volcanic complex. The CGT, in particular, present a few meters from
the surface, is predominantly in its yellow and gray lithofacies, with good mechanical characteristics
and therefore the object, in the history of the city, of numerous underground mining activities.

2.1. The History of Aversa

The city of Aversa has had a rich and complex history that has determined various architectural
and urban transformations over the centuries (Figure 1b) [54,55]. The historic center still preserves
significant traces of the Norman, Angevin and Aragonese eras, with religious and civil buildings of
great historical and artistic value. From an urban planning point of view, Aversa has a compact fabric
in the historic center, with narrow and winding streets typical of medieval cities, while the more
modern areas develop with a more regular and wide road system.

According to proven historical evidence, Aversa developed in the territory where the hamlet of
Sancti Pauli at Averze existed [56]; however, it was the Normans who founded it in 1030 [57]. During
the Norman period, the city became an important political and military center, with the construction
of the castle, which served as a residence and fortification. The territory was characterized by the
presence of hedges and ditches. However, it was the increased military strength, the increase in
population and the decision to close a section of the ancient road between Capua and Naples (today's
Via Roma) that determined, from an urban planning point of view, the transformation of the Angevin
city from a radiocentric system to a linear scheme with a substantial expansion of the perimeter walls
[57].

Aversa maintained its strategic importance with the arrival of the Swabians and then the
Angevins; the latter marked a period of intense development for the city. The multiplication of
religious foundations should also be considered in this sense, which, following alliances concluded
with the ecclesiastical apparatus, gave the city a sacred character. Above all, following a weakened
predominance of the communities inspired by the rule of Saint Benedict, the city recorded the spread
of numerous male and female monasteries, including the complex of San Francesco le Moniche,
which was incorporated into the walls after the Angevin expansion of 1382 (Figure 1c).

The Spanish domination of the Aragonese marks a further urban and architectural renewal of
the city. Starting from the end of the sixteenth century, numerous noble palaces and churches were
built in the central nucleus of the urban layout, which had the effect of decentralizing the population
towards the peripheral areas.

The creation of the “Lemitone” district can be dated back to the early 17th century. It arose on
the extreme south-eastern edge of the city, with a plan that follows the pattern of the Spanish quarters
of Naples [58]. The construction of the new district marked the definitive abandonment of the
medieval radiocentric plan, giving rise to a quadrilateral-shaped plan within which the area was
divided by the orthogonal axes of the communication arteries and cut, in an oblique direction, by a
main road [59].

In the Baroque era, the city was further enriched with elaborate decorations on pre-existing
monumental structures. In the 19th century, Aversa experienced further urban expansion with the
construction of new streets and squares. The city modernized, while maintaining its historical
heritage. In the 20th century, the historic center of Aversa was gradually abandoned, while new
residential and commercial areas developed in the surrounding area, as evidenced by the
neighborhoods, born in a wild manner, starting from the 1960s in the southern area, to the detriment
of a failed recovery of the historic center which, with the exception of some interventions, is in a state
of pitiful abandonment.
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2.2. The Monumental Complex of San Francesco le Moniche

The Monumental Complex of San Francesco le Moniche originated between 1219 and 1234 [54].
It was a true monastic citadel measuring approximately 1 hectare. It is the result of building
stratifications that began from the date of its foundation, which occurred in the 13t century, and
continued until the 20% century. The entire citadel was dismembered especially during the Fascist
period. In particular, what was originally the garden of the ecclesial complex was transformed into a
square and connected directly to the railway station, cutting through the Franciscan insula [60].

Currently, the monumental complex of San Francesco le Moniche is identified (Figure 2a,b):

1) in the church, in Baroque style, with a single nave covered by a barrel vault, on the sides of
which there are chapels and the sacristy (Figure 2c); the presbytery is covered by a dome externally
covered with colored tiles (Figure 2d) [60];

2) in the cloister, which lost its typical medieval rectangular shape (d in Figure 2b), with the
construction of the octagonal staircase in the north-western corner in the 18th century;

3) in the belvedere (Figure 2f and e in Figure 2b), a building with a complex structural
articulation, composed of three climbing structures and a long corridor-gallery. This path culminates
in a suspended pathway that leads to the heart of the belvedere, an environment divided into two
levels connected by a staircase. This architectural jewel of extraordinary interest, unique in its kind,
allowed the nuns a privileged view and participation in the sacred processional rites that took place
along the Reggia Strada (now Via Roma) [61];

4) in the octagonal staircase (f in Figure 2b) conceived as an open staircase with a single ramp
with an independent static structure. In fact, each change of direction and each portion of the ramp,
on a flying buttress, is supported by quadrangular pillars.
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Figure 2. Plan of the Monumental Complex, both of the original insula (a) (from [61] modified) and
of the current configuration (b) (from [58] modified). The labelling in the plans highlights some details
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described in the text (to which refer for further explanations): c) church (also in picture c), d) cloister
with view of the dome and bell tower and portico (also in picture d); e) belvedere; f) octagonal
staircase; g) western perimeter wall (in yellow); h) Palazzo San Francesco (in blue); i) garden (in
green).

On the western side a very high wall enclosed the complex on Via Giolitti (g in Figure 2a). The
Complex included: Palazzo San Francesco, where the public schools were located (/1 in Figure 2a), the
current seat of the City Hall, and a large garden, currently Piazza Municipio (i in Figure 2a).

Below the current complex there are several voids: one used as a burial area, one as a cellar and
finally a water cistern. Other voids are known on the southern edge of the original garden, while
there is no information on the subsoil of the current Piazza Municipio, characterized by frequent
deformations of the road pavement.

3. Materials and Methods
3.1. Historical Documents

To describe the evolution of the San Francesco le Moniche Complex, the use of bibliographic
data, archival sources, historical cartography and ancient illustrations has proven to be a fundamental
pillar for historical, architectural and urban research of the site.

The Topographic Map of Italy, 184 I-NO (AVERSA), in scale 1:25,000, in the editions of 1906,
1936, 1957, was used to highlight the urban transformations that occurred in the first half of the 20th
century. The different maps were georeferenced, using the Ground Control Points (GCP) technique
as a georeferencing method. This allowed to overlap the maps and therefore to highlight the urban
changes.

The combination of bibliographic data with historical cartography was validated in some cases
through the use of old illustrations, especially vintage postcards, from the first half of the 20th
century.

3.2. Subsoil Characterization

Available boreholes data and geophysical investigations (Multichannel Analysis of Surface
Waves, MASW) were used to reconstruct the stratigraphic framework of the subsoils. In particular,
the depth of the CGT formation and the thickness of the overlying cohesionless pyroclastic soils were
evaluated. This reconstruction constitutes a reference basis for the interpretation of the Electrical
Resistivity Tomographic (ERT) survey.

3.2.1. Electrical Resistivity Tomography

The characterization of the subsoil in the study area was achieved by implementing Electrical
Resistivity Tomography in the areas surrounding the complex. Given the complexity of the
monumental complex, it was suspected that there were other voids in the area. For this reason, to
understand the possible presence and the true extent of the cavities, electrical tomography
investigations in the areas surrounding the complex have been carried out. Geoelectric surveys
represent a modern methodology of non-invasive geophysical investigation and are based on the
detection of electrical resistivity of the various types of land investigated. This type of prospecting is
the most suitable to localized the presence of cavities.

The survey is conducted by placing on the ground a large number of electrodes connected to an
instrument called a Georesistivimeter, system where the soil is fed with a known amount of electrical
current. The measurements acquired are processed made by means of special processing software
(Res2DINV) allow to obtain a pseudo-section 2D, qualitative representation of the electrostratigraphy
of the subsoil. The measurement of changes in these geophysical parameters and their subsequent
processing has allowed the geometry and characteristics of geological bodies to be defined, as well
as indications on the presence of voids in the subsoil.
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3.3. Detection of Underground Cavities Using Laser Scanner

The use of a laser scanner survey in the characterization of an underground cavity has numerous
advantages. Laser scanners provide highly precise and accurate measurements of the size and shape
of the cavity, allowing the output of three-dimensional models with high spatial resolution and
precision in measurements, essential for the detailed characterization of complex underground
structures, in a short time, reducing the margin of human error present in traditional topographic
survey methods [62-64]. The digital models obtained can be used to perform structural analysis,
stability of geological structures and risk assessment, improving the planning of interventions and
safety measures [65]; but above all, when the laser scanner survey is georeferenced, it allows an
integrated view of the hypogea in relation to the buildings above.

A laser scanner survey of the cavity networks extending beneath the Municipio square on the
opposite side of the Monumental Complex of S. Francesco le Moniche in Aversa and below the
cloister was performed, using a Leica BLK360 laser scanner.

Leica BLK 360 laser scanner is a particularly suitable instrument for scanning underground
premises due to its small size and portability, high scanning speed, 360 degree data acquisition
capability and availability of software produced by the same parent company, able of managing large
amounts of data with great precision, even when the data comes from different scanning campaigns.

In this work, in fact, the acquisition of point clouds was carried out in different phases, due to
the different logistical conditions faced in the underground environments, one of which consisting of
a water collection cistern. In all acquisitions it was possible to carry out the survey without target
positioning, thanks to the redundant number of performed scans and the high precision of the used
instrumentation.

In the processing phase, were assembled 19 scans in the case of the cavities beneath the San
Francesco le Moniche Complex and 18 scans in the case of the cavity beneath Municipio square; in
both cases some scans were performed up to the surface, to connect the structures present in the
subsoil to the historical buildings on the surface, obtaining single three-dimensional models.

4. Results and Discussion
4.1. Subsoil and Cavities

The stratigraphic framework of the subsoil has been reconstructed using literature data and
borehole stratigraphies from neighboring areas. The first 4-5 m from the ground level are
characterized by loose pyroclastic deposits, deriving from eruptions subsequent to the emplacement
of the CGT, which instead characterizes the underlying levels with the zeolitized yellow facies. The
contact between the two units is marked by a thin layer of “cappellaccio”, representing the upper
portion of the lithoid tuff formation (CGT) altered in subaerial environment.

This marked distinction in lithologies allows for easy reading of the indirect geophysical
investigations (ERT) carried out to identify any other voids in the subsoil of the monumental
complex.

The data acquired during the ERT survey have been processed and the result obtained is a
section (Figure 3) that shows the 2D distribution of the electrical resistivity of the soil investigated.
From the analysis and interpretation of the above section it was possible to detect the presence of two
main electrostrates:

e a more conductive surface layer varying in thickness between 3.00 m and about 3.50 m,
associated with sandy soils, sandy-loam humidified and very aerated, little thickened.

e amore resistive underlying layer associated with sandy and sandy loamy soils in the upper part
of the section, while in the lower part associated with the tuffaceous formation.

In the section, in particular, there is an area colored in blue at about 3 m of depth characterized
by an anomaly of electrical resistivity, with low values of resistivity, presumably attributable to a
ductwork used as a sewer duct, judging by the size and shape. While in the section overlooking the
town hall, there is a large depressed area, filled with material clearly reworked as derived from the
values of resistivity obtained. Moreover, what has aroused the greatest perplexity is the considerable
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increase in the electrical resistivity of the values in the lower left portion of the section (adjacent to
the perimeter wall of the cloister), attributable to the presence of an underground void.
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Figure 3. (a) Aereal view of the Monumental Complex of San Francesco le Moniche and Piazza
Municipio and the location of ERT profile trace (in red); (b) ERT resistivity profile; dotted lines
indicate the beginning of each segment.

4.2. The Monumental Complex of San Francesco le Moniche

The monastic complex and the surrounding area are the result of continuous transformations
that occurred following numerous architectural, structural and urban interventions over the
centuries, with modifications that continued until the first half of the twentieth century.

From an architectural point of view, the first significant alterations to the original Romanesque-
Gothic structure occurred at the end of the 17th century. During this period, in response to the
indications of the Counter-Reformation, the convent was adapted and expanded. One of the most
important interventions was the construction of the large cloister, which represented not only a
spatial expansion but also a functional transformation of the entire complex.

The construction of the cloister began in the Late Romanesque period and was completed in the
13th century (Figure 4).
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Figure 4. Chronological evolution of the construction of some parts of the San Francesco Complex: a)
13th century (construction of the church); b) 13th century (construction of the northern ambulatory of
the cloister); c) Late 13th century (completion of the church); d) 14th century (construction of the
eastern ambulatory); e) 14th century (construction of the northern and western ambulatory of the
cloister); f) sector of the southern ambulatory which collapsed in 1997 and was rebuilt in the same
year. Plan from [58] modified.

The northern ambulatory was initially composed of seven spans, of which the first three, to the
west, were demolished to make way for the octagonal staircase (Figure 4). The four surviving spans
are covered by round cross vaults, punctuated by transverse arches and pilasters leaning against the
wall. On the external side, towards the ancient garden, there are three arched mullioned windows
with double architraves, with twin columns.

The eastern arm of the cloister was built in two phases. The first two modules to the north date
back to the late thirteenth century, covered by cross vaults without separating arches. These spans
open onto the cloister via round arches with double architraves. The remaining part of the eastern
arm is composed of four fourteenth-century spans, covered by pointed cross vaults, interspersed with
eighteenth-century tuff reinforcement arches.

The two arms to the south and west have different modules and rhythms, connecting "badly" to
each other and to the northern ambulatory. The external arches and the cross vaults are pointed, with
"T" shaped pillars and contrasting pilasters. In 1997, the five western bays collapsed due to
abandonment and neglect, causing the loss of frescoes and Romanesque decorations, and were rebuilt
according to the principle of stylistic restoration.

The 18th century saw the beginning of the construction of the octagonal staircase which was to
serve as access to the summer choir (an area where the Poor Clares, during the summer months,
attended religious services without a view). However, this construction remained incomplete. In the
19th century, further modifications were made with the creation of the belvedere. These interventions
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further modified the original configuration which culminated with the promulgation of the laws on
the suppression of monasteries which led to significant transformations in the architecture and use
of the spaces of the complex. These changes culminated in the twentieth century with interventions
that profoundly altered the original layout of the monastic citadel.

Since 1914, the area of the Complex and its surroundings have been the subject of study for an
urban planning intervention that included a large program of road development. In particular, one
intervention contemplated the connection between Strada Garibaldi with Viale Giolitti by means of
the demolition of the Franciscan insula, consisting in the demolition of convent structures and private
buildings, and the crossing of the monastery (Figure 5a,b; Figure 6). In this way, the railway station,
located to the east of the municipal territory, was connected to the city center where the new
municipal headquarters was planned and an area suitable for hosting the monument to the fallen of
the Great War (Figure 5e-h), financed with a public subscription [66], in one of the cloisters of the
ancient convent that was once attached to the monastery. During the same period the perimeter wall
on the western side was demolished (g in Figure 2a, Figure 5 c-d). All this represented the first major
urban planning intervention since the post-unification era that was completed only in 1940 [61].

Aversa - Corso Uniberto |
Visto dal Banco di Roma

Figure 5. Photographic evidence of the main urban transformations in the Monumental Complex: a,
¢, e, g 20s-40s shots; b, d, f, h May 2024 shots; shooting points in Figure 6. In a) the red arrow indicates
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the building that will be demolished to open the passage to Piazza Municipio (see details on maps in
Figure 6); in c) the red arrow indicates the perimeter wall (g in Figure 2a) that will be demolished to
allow the connection between Piazza Municipio and Via Giolitti; €) monument to the fallen of the
Great War: note the undergrowth and how the San Francesco building is reduced to ruins, signs of
neglect in the area; it was restored to be used as a town hall; g) Piazza Municipio now completed: note
the large opening to create the connection with Via Roma.

\j/;\.\':' Virgitio

'f.tzu.’did{iﬂ‘.m &

Figure 6. Historical cartography comparison, using topographical maps from the beginning of XX

century: it shows urban evolution of the area (in red box) based on the Topographic Map of Italy at
scale 1:25.000 published by Military Geographical Institute of Italy: a): Sheet 184 I-NO (Aversa) edited
in 1906; b) close up of the map in which note the closure of the complex on Via Roma and the shooting
points of Figure 5 are indicated; c) Sheet 184 IV-NE (Trentola - Ducenta) and Sheet 184 I-NO (Aversa)
Series 25V published in 1957; d) close up of the map in which green line it shows the connecting road
between the train station and Via Roma. The green lines shows the connecting between Via Roma and
the railway station. The green circles show the railway station.

4.3. The Cavities below the Monumental Complex

The underground cavities, developed for many centuries in the subsoil of the Neapolitan area
and the northern Campania, represent above all original sites of extraction of tuff and loose
pyroclastic materials, and were subsequently used for other purposes. The methods of extraction and
use of the extracted materials can provide important information on the history of a building or a
residential settlement.

The qualification of the building heritage, over time, has in fact been directed towards the
recognition of the building stratifications [67]. For each building, the complexities of the construction
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phases are recognized, with analytical methods specific to the natural sciences. A particular research
has deepened the study of the construction techniques of the masonry works made in tuff from the
post-Middle Ages onwards in the territory of Naples and northern Campania. The possibility of
dating the building stratifications contributes to the qualification of a particular building civilization,
otherwise historically indistinct, thus giving it a specific historical individuality and, consequently, a
cultural qualification.

In the specific case of tuff walls, of particular interest is the observation of the techniques used
to create the internal blocks [67-69], extracted from the subsoil through the creation of underground
excavations carried out in correspondence with the courtyards or gardens. In the most superficial
incoherent layers, the aggregates necessary for making the mortars were found (sands, pumice,
lapilli, "pozzolane" - pulvis puteolanus; [70,71].

Initially,the walls were built using the “a cantieri” technique, that is, with extracted, split
material of heterogeneous size and stacked without paying excessive attention to the horizontal
position, bound with mortar. Since the 18th century, instead, recourse was made to rows of
“bozzette”, that is, rough-hewn stones with differentiated size and arranged in horizontal rows. From
the first decades of the 19th century, the masonry work with rows of “blocchetti”, squared and
flattened blocks, with dry masonry mass, became popular, adopted until about the middle of the 20th
century [68,72-74].

In the absence of certain historical evidence, we can propose a chronological reading of some
structures based merely on the masonry works and of construction techniques of the San Francesco
complex. This allows to recognize the stratification through the shape and arrangement of the tuff
blocks. The masonry in “a cantieri” technique (Figure 7a), in which the resources and techniques were
less sophisticated than in subsequent periods, dates back to the first phase of construction of the
church (late 12th century). It is recognizable in the use of irregularly shaped tuff stones, arranged
randomly and bound with mortar, creating an irregular but resistant structure. Inside the Complex,
masonry of the “bozzette” type is also recognizable (Figure 7b) which shows the use of squared and
regular blocks, arranged in horizontal courses, which gave solidity and durability to the structure;
one can notice the use of stones of different sizes for the construction of the church and the
ambulatory adjacent to it and this indicates a different periodization of the construction phases.

The material constituting the masonry works observable in the complex probably comes from
the cavities present in the subsoil of the entire structure, even in those portions now inserted into the
urban fabric with the modifications of the early 1900s. The shape and size of the cavities and their
spatial distribution can then help to hypothesize a possible temporal interpretation as well.

Given the extension and complexity of the entire monumental complex, the search for other
underground hypogea is very complicated. From information handed down for generations, the
presence of hypogea under the buildings surrounding Piazza Municipio is known, even if, in recent
times, many have been covered over and their extension and position are no longer identifiable. Only
one cavity located under a building adjacent to the town hall is accessible. The results of the ERT
investigations suggest the presence of a void under the rooms outside the cloister. Finally, inside the
latter, three different cavities are known, accessible and explorable.
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Figure 7. Examples of walls built with (a) technique “a cantieri” and (b) with technique “a bozzette”.

The survey carried out in the few accessible cavities, however, has provided interesting hints for
thought and reading of all the elements exposed so far. The following paragraphs will provide details
of the surveys carried out.

Figure 8. Aereal view of the Monumental Complex of San Francesco delle Monache and Piazza

Municipio and the location of the studied cavities.

4.3.1. Piazza Municipio

The cavity is accessed via a long staircase dug into the tuff, from inside a bar located along the
southern side of Piazza Municipio (Figure 9a) and extends below the building that represented the
edge of the original garden. Over time, the cavity has been used for the production and conservation
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of wine and was probably connected to a more complex underground system which extended
towards the historic center of the city of Aversa.

The staircase initially proceeds towards the west and then bends at approximately 90° towards
the south to enter the cavity at its short western side. The cavity is polygonal shaped, roughly
rectilinear in plan in the E-W direction (Figure 9b), The overall length is 21.9 m, the average width is
6.6 m. It can be divided into two sectors (Figure 9¢,d): the first, 12.7 long is separated by a more
restricted space (about 6 m long) from another smaller room, more irregular in shape. The height of
the cavity is approximately 6 m, with the exception of the sector opposite the access staircase, where
it reaches 9.4 m. The vault has a low arch profile; 2 square section wells (1 = 1 m) start from the vault
and are closed by an iron grate and overlook the external wall of the building on via V. Emanuele III;
another 2 wells, one of which is approximately 2 m large, are closed at the top end by a grate and
masonry works.

The architecture of this cavity, very similar to those present in a large part of the city's subsoil,
suggests an original quarry for extracting material to be used for construction. Subsequently, the
cavity, developed beneath structures that surrounded the original garden of the complex, was reused
as cellar for storing foodstuffs and wine [40]. The latter use is still very common as the physical
characteristics of the tuff favor the fermentation of the musts ensuring temperature values and
humidity constant in underground environments. Of particular interest is the production of a vine
typical only of this area, the “asprinio”, of millenary origins and whose production has become so
important in the last decade as to require to recognition as a UNESCO heritage.

access j
staircase

Figure 9. Representation of the cavity at the south-west edge of Piazza Municipio (a), through
processing of the laser scanner survey. Note the position of the cavity with respect to the above
buildings; b) longitudinal section of the cavity; details of sector 1 (c) and sectors 2 and 3 (d) described
in the text.

4.3.2. Cloister

On the eastern side of the courtyard, from the cloister floor level, a rectangular door oriented
east-west opens (Figure 10, R); from this a tuff staircase extends for approximately 11 m until reaching
a hypogeal room (Figure 11).


https://doi.org/10.20944/preprints202409.1257.v1

Preprints.org (www.preprints.org) | NOT PEER-REVIEWED | Posted: 16 September 2024 doi:10.20944/preprints202409.1257.v1

Figure 10. View of the cloister courtyard with location of the accesses to the underlying hypogea: R-
ramp, A-E well.

This has a rectangular plan, 7.5 m x 3 m, 2.7 m high, with a vault at -5.9 m from the ground level
(Figure 11a). Both the ramp and the underground room, dug into the tuff rock, are characterised by
the presence of brick shelves which, like shelves, are hypothetically functional for the conservation
of food supplies. This room has been recognised as a cellar serving the convent structure (Figure 11b).
The presence of traces of modern cement, poorly preserved and used to reinforce old shelves, would
testify to the use of the room at least until the first half of the 20th century, but the chronological
identification of its original layout remains controversial.

The second section of the access ramp to the cellar, oriented north-south, intercepts a circular
well recognisable from the floor of the internal courtyard (Figure 10, well A); another well is finally
clearly identifiable in the centre of the vault of the cellar and is evidenced, on the surface, by the
presence of a "decorative" well in the northern part of the courtyard (Figure 10, well B).

An important structural element, which could help highlighting the temporal and functional
relationships between the underground rooms and the surface system, is the presence of a break
through the western wall of the cellar, made at a later time, which leads directly into a large
underground room whose floor is located at a level approximately 3-4 m lower than that of the cellar
(Figure 11b, 11c). This large room has approximately 1.5 m of rainwater at the bottom which, together
with the hydraulic plaster recognisable on all the walls, allows the hypogeum to be identified as a
large cistern; the hydraulic plaster, in fact, is well preserved for approximately 4 m of the vertical
development of the walls, i.e. almost up to the impost abutment of the ceiling which, on the contrary,
is left as rough rock without any wall facing. Furthermore, during the exploration of the bottom, the
walls appeared particularly overhanging and this characteristic was well confirmed by the
development of the topographic survey which returned trapezoidal-shaped cross-sections.

The cistern is approximately 20 m long and 5.5 m wide, and has a very low arched ceiling,
approximately 5.5 m high from the bottom (Figure 11d). Of particular interest is the sigmoid-shaped
plan of the cistern, which extends in the centre of the cloister courtyard with a NW-SE orientation
(Figure 11a). The northern side of the cistern is characterised by the presence of a large rectangular
basin (Figure 11e), delimited by a wall partition approximately 1.5 m high, presumably used for the
sedimentation of silt suspended in the water. The cistern, like the cellar and the access ramp, is
equipped with three rectangular light wells, closed on the surface by an iron grate. The northernmost


https://doi.org/10.20944/preprints202409.1257.v1

Preprints.org (www.preprints.org) | NOT PEER-REVIEWED | Posted: 16 September 2024 d0i:10.20944/preprints202409.1257.v1

16

of these, located right on the aforementioned internal basin, connects to the octagonal staircase
pertaining to the eighteenth-century phase of the quadriportico (Figure 10, well C), and is
characterised here by the presence of a low parapet. The other two emerge into the internal courtyard
right along the development line of the cistern; in the central well (Figure 10, well D) the grappiate
can be recognised along the entire vertical development of two walls: they are holes dug into the tuff,
which allowed people to go up and down into these underground environments, evidence of an
original service access to the cistern (Figure 11f). Finally, there is the last well (Figure 10, well E),
positioned to the south-east at the edge of the perimeter of the cistern, this does not have grappiate
and seems to have the sole function of a light well.

Figure 11. The hypogea beneath the courtyard of the Cloister. a) plan obtained from laser scanner
survey: R -ramp, A-E well of Figure 10, b (in yellow) shows the break through the wall that interrupts

the continuity of the hydraulic plaster; b) view of the cellar and the shelves dug into the tuff, as well
as the opening towards the cistern; c) northern portion of the cistern; d-e-f) view of the 3 wells visible
from inside the cistern. The “grappiate” are visible in picture f).

Inside wells C and E, at a depth of about 50 cm, some columns can be seen protruding
perpendicularly to the well (Figure 12), one of which is twisted (helical columns; well E, Figure 12b):
they are not only a decorative element but, perforated along their entire length, they were used as
water pipes, in order to channel rainwater towards the underground cistern, thus ensuring a constant
water supply for the religious community. The age of the columns, probably from the Roman era, is
certainly much older than the convent itself: starting with the Normans in the 11th century, but also
during the Middle Ages and the Renaissance, many materials and structures from the Roman era
were reused for new buildings. In Aversa, numerous examples of spoliation can be found: columns,
capitals, and other architectural elements of Roman origin are integrated into later buildings, both
religious and civil.
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Figure 12. (a) From the wellhead of well C it is possible to observe the end of a column reused as a
water pipe; in well E the shaft of the column appears elicoidal.

The convent also has a third hypogeum (Figure 13): a burial place, putridarium (also known as
the draining room — “scolatoio” - of the dead). From the floor of the eastern cloister, a ramp with low
steps leads to a large underground room with a rectangular plan. This room, covered by a barrel
vault, is characterised by the presence of ten mortuary seats on both long sides and has dimensions
of 10 m x 6 m and is approximately between 3.8 and 4.3 m high. All the walls and the ceiling of the
burial place are smoothed by the presence of a layer of light plaster; on the back wall in front of the
entrance a faint frescoed crucifix survives.

i

Figure 13. a) Plain view obtained from the laser scanner survey; b) putridarium: the seats on the sides

and the altar in the background.

The three hypogea described so far seem to document different chronological interventions
pertaining to at least two different architectural phases. The cistern, located at a greater height/depth
(Figure 14), could correspond to the first settlement phases and be functional for collecting water for
the monastic community. The cellar, on the other hand, would appear to be later than the cistern; the
discriminating element for this relative chronology is the opening of a passage from the west wall of
the cellar on the northern side of the cistern; this passage clearly destroys part of the waterproofing
plaster of the cistern (Figure 11c). The putridarium, or draining room, has no architectural relation
with the two cavities described above; although it is difficult to date, the chronological context could
be identified between the 13th and 15th centuries, that is, between the oldest phase of the convent
structure, to which the cloister and bell tower are dated [60], and the first Renaissance phase.
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burial place

cistern ¢

Figure 14. Perspective view from south: location of cistern, cellar and burial place with respect to the
above S. Francesco le Moniche Cloister.

5. Summary and Conclusions

In this study, the cultural heritage of the monumental complex of San Francesco le Moniche and
the additional value associated with the natural heritage (i.e. geological and geomorphological
context, building stones) have been linked. The history of the monumental area is very complex and
is represented by a temporal stratification of interventions over the centuries, known from
bibliographic sources and documented by one of the Authors in a study on the paintings present
inside it [60]. This history is intertwined with the construction materials and the techniques of both
extraction and working and use of the same. Therefore, the techniques of construction of the tuff
walls, recognizable in various parts of the monument, and the cavities in the subsoil, presumably
originally extraction quarries and subsequently reused for the life of the nuns, assume documentary
value.

The monumental complex is not included in a UNESCO World Heritage list but represents one
of the cornerstones of the history of an ancient Norman county (i.e. Aversa) that narrates a thousand-
year-old history that is also based on the geomorphological and geological context on which it arose.
Many sites in the world, included in the above list, are known above all for their cultural value, even
if they contain interesting landforms and rock outcrops [75], whose consideration could significantly
improve the knowledge of the history of these sites.

The example reported herein, far from being exhaustive, offers evidence of a geoheritage-
cultural heritage interface whose reading adds value for educational and urban geotourism purpose,
being the latter an emerging sector of sustainable tourism [76,77]. The results allowed us to improve
the knowledge of the study site and provide useful tools for the planning of future targeted
investigations.
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