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IN RICORDO DI LEA FROSINI ARIANI,
UN EDITORE LUNGIMIRANTE

La notizia della scomparsa di Lea Frosini Ariani il 23 dicembre 2022,
alla vigilia di Natale dello scorso anno, ci ha colti di sorpresa e ci ha lasciati
smarriti di fronte alla perdita di una delle protagoniste della nascita e dello
sviluppo editoriale di «Archeologia e Calcolatori».

La “Signora Lea”, con la sua presenza costante, silenziosa ma rassicu-
rante, ¢ entrata nella storia della nostra rivista nel 1989, circa un decennio
dopo il suo incontro con Riccardo Francovich e ’avvio di «Archeologia Me-
dievale». La riunione per definire gli aspetti del nuovo progetto editoriale di
una rivista internazionale dedicata all’informatica applicata all’archeologia
riporta alla mente un’atmosfera di generale entusiasmo: le personalita voliti-
ve e dinamiche di Mauro Cristofani e di Riccardo Francovich, un gruppo di
giovani studiosi a cui affidare la direzione e la redazione, un editore dotato
al tempo stesso di professionalita e di umanita, pronto ad aprirsi ad ambiti
meno noti ed esplorati del sapere, e un’ansia costruttiva di raccogliere presto
i frutti di quanto si sarebbe seminato.

Ricordando Riccardo Francovich, Lea Frosini Ariani aveva voluto in-
titolare il suo saggio “A come Archeologia, A come Avventura”, tenendo a
precisare che il termine avventura non era genericamente legato alla professio-
ne dell’archeologo, quanto piuttosto al «partire alla ventura» di Francovich
nell’«affidare la gestione di Archeologia Medievale ad una casa editrice nata
da poco, quasi per gioco». Nel nostro caso, dopo solo un decennio, la situa-
zione si era capovolta, perché le Edizioni All’Insegna del Giglio erano ormai
una casa editrice affermata nel settore dell’archeologia, mentre la tematica
da noi proposta costituiva per i Paesi europei gravitanti intorno al bacino del
Mediterraneo, e in particolare per I’archeologia di epoca storica, un aspetto
della ricerca ancora in fase embrionale. Se oggi volessimo ricalcare quel tito-
lo, lo potremmo cosi concepire: “I come Informatica, I come Innovazione”,
dando a quest’ultimo termine anche una connotazione di Interdisciplinarita.

C’¢ un’altra delle tante tappe del percorso ultratrentennale di «Archeo-
logia e Calcolatori» che giova ricordare a testimonianza della generale at-
tenzione verso I’innovazione da parte di Lea Frosini Ariani e della sua solida
convinzione che per lo sviluppo della scienza fosse necessaria una continua
mediazione editoriale. Nel 2005, a soli due anni dalla Dichiarazione di Berlino
sull’accesso aperto alla letteratura scientifica, la rivista, sempre pronta a speri-
mentare nuove vie di diffusione delle conoscenze, decise di aderire all’iniziativa
proponendo un modello editoriale oggi noto con il nome di “diamond open
access”. Se tuttora si discute sulla fattibilita o meno di tale modello anche a
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livello europeo, dove proliferano infrastrutture e progetti dedicati a questa
problematica, & eccezionale la lungimiranza che ha contraddistinto le Edi-
zioni All’Insegna del Giglio. E cio anche grazie al ruolo del figlio Tommaso,
che Lea Frosini Ariani aveva chiamato ad affiancarla fin dalla fine degli anni
Novanta, assai sensibile alle innovazioni del digitale e della comunicazione
multimediale. Pare ancora incredibile aver trovato vent’anni fa una sponda
proprio in un editore indipendente.

Per questo e per tanti altri ricordi di un lungo sodalizio scientifico e
umano, la rivista «Archeologia e Calcolatori» si stringe con gratitudine e
affetto nel ricordo della “Signora Lea”, che € stata per tutti noi un esempio
trainante di intelligente operosita e rigore.
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LEGACY IMAGERY, CONTINUOUS SATELLITE MONITORING
AND TARGETED DRONE SURVEYS FOR THE STUDY
OF DESERTED MEDIEVAL FORTIFIED SETTLEMENTS
IN THE HINTERLAND OF RAVENNA, ITALY

1. INTRODUCTION

A general phenomenon of nucleation of the rural population has been
recorded in many regions of Western Europe during the Middle Ages, espe-
cially between the 8% and 13® centuries (HAMEROW 2002, 121-124; CURTIS
2013). However, many of these settlements have undergone a contemporary
selection process, resulting in many becoming ‘deserted’ (CurTis 2014). The
‘deserted medieval villages’ historiographical theme developed significantly in
the 1950s and 1960s, thanks to the interest generated across several disciplines,
including history, geography, and historical demography (Rao 2011). Soon
after, Italian medieval archaeology developed a strong interest in abandoned
rural settlements, especially between the second half of the 1960s and early
1970s (AUGENTI 2016, 16-26). At first, this experience remained essentially
limited to a few regions, namely Liguria, Tuscany, Sicily and Sardinia (GAL-
ETTI 2012, 205), while for Emilia-Romagna and more generally for the Po
Valley, a genuine interest in abandoned villages developed only in the 1980s
with the work of Aldo SETTIA (1984). After him, the phenomenon of deserted
villages in the Po Valley remained strictly connected to castles, namely sites
with elements of fortification and the ‘decastellamento process’ causing their
abandonment (e.g. SAGGIORO 2011; GELICHI, LIBRENTI, MARCHESINT 2014).

Even with the increasing archaeological knowledge acquired in the area
over the last two decades, most of the abandoned villages in the Po Valley
that we know of are still classifiable as castles for their fortified nature. These
are, in fact, often characterised by the presence of a motte surrounded by
a combination of defensive elements like embankments, ditches, palisades
and/or walls (AUGeNTI 2016, 159). Many more examples of these types of
fortified settlements have been discovered in various areas of the Po Valley,
primarily through aerial archaeology (WiLson 2000; Raczkowskr 2014),
which has exponentially increased our ability to map and understand this
site typology. Identifying anomalies in vegetation growth (= crop marks) or
simply in the colour of the exposed bare soil (= soil marks) can allow us to
quickly recognise prominent features like mottes and moats. At the same time,
while LiDAR data helped reveal deserted medieval settlements in hilly and
mountainous areas, like in the Basilicata region in Southern Italy (MASINT e?
al. 2018; Masini, LasaPoNARA 2021), they are not always valuable for flat
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areas with widespread mechanised farming, which may have led to the de-
struction of any original micro-relief. A recent and well-documented example
is the levelling of the motte of Trifolce in Castel Guelfo (BO) that occurred
only in 2003 (L1BRENTI, MICHELINI, MOLINARI 2004, 29-30).

Despite some possible limitations, remote sensing helped us partially
overcome one of the significant difficulties in locating early and high medieval
sites, namely the diffuse use of perishable construction materials that hinder
their general visibility (SETT1IA, MARASCO, SAGGIORO 2013), allowing us to
map many deserted settlements across the Po Valley. Up to now, most of the
known sites are located in the provinces of Verona (SAcGioro 2010; SAG-
GIORO, VARANINI 2013), Treviso (GRANDI, LAUDATO, MASIER 2013), Reggio
Emilia (MaNcassoLA 2006), Modena (GELICHI, LIBRENTI 2008; LIBRENTI
2018), and Bologna (L1BRENTI, MICHELINI, MOLINARI 2004; GRANDI 2010;
GELICHI, LIBRENTI, MARCHESINI 2014, 407-408; LiBRENTI 2019).

The provinces of Romagna, a historical region that now constitutes the
SE part of Emilia-Romagna, are missing from this list. Since a few decades
ago, the lack of deserted medieval villages could have been explained by 20®
century historiography that considered this region exceptional in the Italian
peninsula due to a stronger Byzantine heritage. According to this assump-
tion, this Byzantine tradition had supposedly prevented the development of
the manor system based on curtes and the subsequent incastellamento (for
a review, SETTIA 2018). However, both historical (MaNcassoLA 2008a;
ParroTtt 2018) and archaeological (MANcAssoLA 2008b; NEGRELLI 2008)
studies have questioned this previous reconstruction in the last two decades,
proving that both phenomena also spread in Romagna, albeit with their
peculiar characteristics.

In addition, previous studies have successfully listed an impressive num-
ber of castles in the Romagna region, trying to locate them through place
names and historical cartography and reconstruct both their birth and aban-
donment (MANcINI, VicHI 1959; MONTEVECCHI 1970; AUGENTI, FICARA,
Ravarorr 2012; Ravarorr 2015). However, remote sensing has never been
used extensively to map this site typology, despite some fortuitous but ex-
ceptional discoveries already hinted at its potential, like the features mapped
over the sites of Fusignano Vecchio (CaNt, Zaccart 1991) and S. Maria in
Castellaccio (ABBALLE, CAvALAZzI 2021), the fortress of Cervia Vecchia
(AUGENTI et al. 2020), and several abandoned castles located NW of Imola
(L1BRENTI, MICHELINI, MOLINARI 2004; GRANDI 2010; LIBRENTI 2016).

In an attempt to try to bridge this knowledge gap, a large number of
legacy images spanning the last 40 years has been exploited to investigate
the whole study area in search of archaeological features, especially over
known or hypothetical castles. The number of datasets of aerial (national
and regional) and satellite (provided free of charge by private companies)
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Fig. 1 - Study area with main towns and all deserted medieval fortified sites discussed in the text.

images is constantly increasing, dramatically boosting our chances that an
archaeological site had been documented during a favourable period for crop/
soil marks formation. For instance, excellent conditions usually present when
grasses like wheat or alfalfa grow during summer when less water is available
for the plants (WiLson 2000). Moreover, additional high-resolution images
can be captured at no cost nowadays, thanks to the spread of commercial
drones, targeting acquisition campaigns at the optimal period. However, op-
timal planning is yet primarily theoretical because it is not always possible in
practice to predict the best times for the formation of crop marks, which are
caused by complex soil-plant-weather-human interactions acting at a local
scale that are not entirely foreseeable.

In response to these historical and methodological shortcomings, this
paper firstly discusses the significant contribution that legacy aerial and sat-
ellite data can provide to studying deserted fortified settlements, allowing the
mapping of defensive elements and reconstructing the general morphology of
six medieval sites in the broader hinterland of Ravenna, in Northeast Italy
(Fig. 1). Secondly, it presents the results of a combined approach between
continuous remote surveillance via PlanetScope multispectral images at 3 m
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resolution (PLANET TEAM 2017) and subsequent targeted data collection via
drone survey to document at higher resolution crop/soil marks barely visible
in the satellite data.

2. MATERIALS AND METHODS

The first part of the research involved a systematic inspection of all aerial
and satellite images freely available online (Fig. 2), searching for possible
crop and soil marks in the study area and specifically on known/hypothetical
locations for deserted medieval sites based on published literature. As these
legacy images were consulted online or on QGIS as basemaps, it was impos-
sible to carry out advanced image processing techniques or calculate indices.
The approach used to enhance images was to increase the contrast and/or
brightness to facilitate the interpretation.

The second phase consisted of targeted remote surveillance over selected
sites using almost daily PlanetScope satellite data at 3 m resolution. Images
were acquired with a minimum of four bands (eight after August 2021)
ranging from 455 to 888 nm, allowing True (RGB) and False Colour (NirRG)
visualisations, as well as NDVI computation, to further emphasise possible
features. This satellite-based remote surveillance was carried out between
2020-2022, from June to September, which proved to be the most fruitful
for the formation of archaeological marks based on the previous analysis of
legacy data.

Once possible marks were identified in the PlanetScope images, a tar-
geted drone flight was carried out in the days immediately after to document
any features at higher resolution, to confirm what had already been seen in
the legacy data and potentially identify new elements. The drone employed
in the field was a DJI Mavic Pro 2 with a 20-megapixel Hasselblad optical
camera. In the case of Cavassona, a targeted artefact survey was carried out to
collect dating materials to interpret this site correctly. The surveyors walked
1 m apart and recorded each find with a Garmin GPSMAP 64S handheld
GPS (for more information on survey methodology, CAvaLAZz1 et al. 2018;
CAvALAZZI, ABBALLE, FERRART 2022).

3. NEW DATA ON DESERTED MEDIEVAL FORTIFIED SETTLEMENTS

3.1 Pentecaso

The first site considered corresponds to Pentecaso, an abandoned castle
that the local tradition places 4 km southern than Conselice (Fig. 1). The ear-
liest mention of the place-name dates to 1145 CE, when the written sources
recall an ecclesia Sancti lohannis in Pantagase. A century later, settlers from
Lombardy were granted permission to move into the area in 1262. However,
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Source Year Type Sensor
Istituto Geografico Militare Italiano (IGMI) — .
1 il B/W
Volo GAI (Gruppo Aeronautico Italiano) e Bt /
1988/1989
Ministero dell'’Ambiente e della Tutela del 199;)/;;96 Aerial B/W (first 2 series)
Territorio e del M MATTM RGB (last 3 series
erritorio e del Mare ( ) 2006/2007 ( )
2012
. S : . RGB
Agenzia per le Erogazioni in Agricoltura (AGEA) 2008, 2011 Aerial NIR
Consorzio telerilevamento agricoltura (TeA) 2014,2017 Aerial RGB
q s , RGB
Compagnia Generale Riprese Aeree (CGR) 2018, 2020 Aerial NIR
Google Earth Pro 2003 -2021 Satellite RGB
Microsoft Bing 2009 - 2020 Satellite RGB
Esri World Imagery 2011-2018 Satellite RGB

Fig. 2 — Analysed historical and legacy images with provider, temporal coverage, type of systems
and sensors.

a fortification attempt is recalled only around the end of the 13t century,
promoted by the Communes of Imola and Faenza. After this mention, the
site of Pentecaso apparently disappeared from the written sources (PANCINO
1995, 63-65).

The legacy data revealed an impressive number of crop marks only on
8" August 2017 (Fig. 3a): an articulated crevasse splay coming southbound
from a palaeochannel of the Santerno river, probably deactivated around the
13® century CE (i.e. paleodosso di S. Patrizio, FRANCESCHELLI, MARABINI
2007, 33); a regular subdivision of the field through rectangular plots of
around 170x100 m interpretable as paddies mapped by the Catasto Aus-
triaco (1853) when rice cultivation was widespread in the area (PANCINO
1995, 162-168); a 65x65 m square, 10 m wide, characterised by a lighter
colour, delimiting an inner part measuring around 0.2 hectares, interpretable
as an embankment now levelled where compacted soil hinders vegetation
growth. If the presence of an apparent embankment seems to confirm the
fortified nature of Pentecaso, its limited dimensions make it difficult to im-
agine a large population living within the fortifications, which was probably
meant to protect more significant elements like the church or a possible local
authority headquarter and/or provide shelter to the rural population only
when necessary.
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Fig. 3 —Site of S. Giovanni in Pentecaso with anthropogenic elements highlighted by arrows: a) WV03
satellite image captured on 8 August 2017 provided by ESRI; b) PlanetScope image of 24 July 2021
in RGB (b1), False Colour (b2) and NDVI (b3) visualisations; c-d) drone images of 27" July 2021.
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Fig. 4 — Site of S. Giovanni in Pentecaso with anthropogenic elements highlighted by arrows: a)
PlanetScope image of 6™ August 2022 in RGB (al), False Colour (a2) and NDVI (a3) visualisations;
b-d) drone images of 8™ August 2022.

Considering the results of the combined remote-field analysis, the large
square feature was recognised on PlanetScope images of 24™ July 2021
(Fig. 3b), while the subsequent drone shots also documented the rice pad-
dies remains (Fig. 3c-d). A year later, both square feature and crevasse splay
were recognisable on PlanetScope images of 6™ August 2022 (Fig. 4a), whose
presence was confirmed by the drone survey together with the rice paddies
partitioning elements (Fig. 4a-c).

3.2 Cavassona

The second site analysed is called Cavassona, after the 19" century
toponym attested by IGM Primo Impianto in the area, located in the mu-
nicipality of Imola (Fig. 1). Several crop and soil marks had already been
recognised through Google satellite images (CHOUQUER 2015, 134-135),
suggesting the presence of a rectangular feature measuring around 85x50
m, bordered at least on the N side by a possible defensive embankment
circa 8 m wide, now levelled. This embankment may have had one ditch
on each side, making the whole defensive structure circa 18 m wide, possi-
bly connected by a small canal to a larger palaeochannel for water intake
(ABBALLE, CavaLAzz 2021).
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Fig. 5 - Site of Cavassona: a) Goo le Earth image of 23" September 2003 with motte (1), defensive
system (2), natural palaeochannel (3) and smaller anthropogenic one (4), connecting the former
watercourse with the moats of Cavassona (modified from CHOUQUER 2015, 134-135); b) PlanetScope
image of 10" July 2020 in RGB (b1), False Colour (b2) and NDVI (b3) visualisations; ¢) drone
image of 14™ July 2020 with levelled motte (1) and fortified system (2) visible as soil marks and
highlighted by arrows.

Archaeological finds from Cavassona

Flint @4
Impasto ware SN 12
Grey ware L)
Dolia 91
Amphorae @ 3
Common ware N 60
Cooking ware (NS 12
Soapstone I 129
Grindstones D 18
Sparse glazed pottery (— 22
Green-glazed pottery #1
Archaic Maiolica 1
Coins @4
Metals IS 24
Spindle whorls L3
Faunal remains T 134
Kiln waste products I 33
Metallic slags S 13
Glass slag LS
Wattle-and-daub 3
Building material IEG—_— 29

Finds typology

0 20 40 60 80 100 120 140
Number of finds

Fig. 6 — Column chart with the finds collected during the survey
of Cavassona moated site in 2020.
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Distribution of significant finds in Cavassona
¢ Soapstone (inset a)

Grinds (inset b) .

Sparse glazed pottery (inset c) @

Kiln waste products (inset d)

Metallic slags (inset d) 0 75 150 m
Spindle whorls (inset d) ! !

> @ ¢ > O

Fig. 7 - Distribution of significant finds: a) fragments of soapstone
vessels and b) grindstones imported from the %pes, ) sparse glazed
pottery sherds; d) indicators of productive activities (MATTM
2012 imagery as base map).

The remote surveillance allowed the identification of the defensive system
and central rectangular feature as soil marks on 10 July 2020 (Fig. 5b), not
visible in the NDVI visualisation (Fig. 3b). On 14® July 2020, a first drone
survey was carried out to confirm the presence of the soil marks over the
stubble field (Fig. 5¢) and to plan a systematic artefact survey to collect dating
material to overcome the lack of previous historical and archaeological data
on this site. More than 600 finds were collected, mostly dated to the Early/
High Middle Ages (Fig. 6), although there were also some Bronze and Iron
Ages finds (ABBALLE, CAvaLAZZI 2021).
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These finds (Fig. 6), mainly clustered near the feature interpretable
as a levelled mound (Fig. 7), suggest the presence of a settlement very well
connected to the trade networks of the time, considering the impressive
number of fragments of soapstone vessels (Fig. 7a) and grindstones in garnet
chlorite schist (Fig. 7b) of alpine provenance, and a significant quantity of
sparse glazed pottery (or ‘vetrina sparsa’) sherds (Fig. 7¢c). Local production
activities are attested by spindle whorls for weaving (three out of four are
glazed), slags and kiln waste products (Fig. 7d). Among the oldest finds we can
count a 9%/10™ centuries cooking sherd ‘tipo Piadena’ (MaNcassora 2005),
while three Lucchese coins suggest occupation during the 11%/12t centuries
(MoretTI, CANTATORE 2021), disrupted within the 13 century as indicated
by the minimal number of Maiolica and Green-glazed wares.

The castrum de la Fracta, castrum Aquevive, and castrum Bolegnano
known in the sources but whose location is doubtful (MoNTEVECCHI 1970),
could all be identifiable with site of Cavassona, but a precise attribution
is not yet possible. However, we have a better understanding of the geo-
morphological transformations that occurred around the 13% century near
Cavassona, where several river breaches led to a substantial rise of the oth-
erwise flood-prone landscape. The area was soon after organised through a
regular field system around the newly founded centre of Massa Lombarda
(ABBALLE 2022).

3.3 Castrum Taularie

The third site is castrum Taularie (Fig. 1), attested four times between
1126/1130 and 1215 CE, until the place name ceased to be associated with
a fortification changing to curte Taularia in 1226 and then Villa Vidigliani
in the 14" century (MoNTEVECCHI 1970). The possible location of castrum
Taularie was suggested to be near the farmhouse known as Castellaccio around
4 km N of Imola (MoNTEVECCHT 1970) and supported by the identification
of medieval finds (LIBRENTI 1994, 168, fig. 46). Still, no clear evidence for
the site morphology or any defensive elements had ever been identified.

The systematic study of all legacy data allowed us to recognise a clear-
ly visible positive crop mark in Via Bicocca at the hypothetical site of the
abandoned castle, identifiable in a Google Earth image of 16" June 2017.
This L-shaped feature is at least 160 m long and 8 m wide (Fig. 8a), and it is
characterised by a darker colour, due to a healthier vegetation growth than
the rest of the field. The shape and characteristics of this crop mark suggest
identification as a ditch, which presumably retains more water and helps
vegetation growth. The considerable width of this linear feature made it rec-
ognisable also in the PlanetScope images when it was clearly evident again as
a positive crop mark on both 11 July 2020 (Fig. 8b) and 12 July 2021 (Fig.
8¢). During the two subsequent drone flights, it was possible to confirm the
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Fig. 8 — Site of castrum Taularie with section of moat visible: a) satellite image captured on 16™ June
2017 provided by Google Earth Pro; b-c) PlanetScope images of 11% July 2020 and 12 July 2021
in RGB (b1-c1), False Colour (b2-c2) and NDVI (b3-c3) visualisations; d) drone image of 14% July
2020; e-f) drone vertical image and orthophoto of 18% July 2021.
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Fig. 9 — Site of Prati di Sant’Andrea/Bagnara Vecchia (1) and main elements highlighted by arrows:
a) b/w legacy aerial image provided by MaTT™m (1996) suggesting the presence of a system with
double moat, an external one (2) and a more internal one (3); b) WVO03 satellite image captured
on 8% July 2017 provided by ESRI with crop marks of a possibly natural palaeochannel along Via
Segazzano (4) and a possible anthropogenic one (5), connecting the former watercourse with the
moats of Bagnara Vecchia (1); ¢) WV02 satellite image captured on 29% July 2021 provided by
ESRI documenting the site of Bagnara Vecchia (1) after the establishment of a natura]p restoration
area and archaeological site.
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presence of the positive crop mark in the alfalfa, healthier and slightly higher
in correspondence with the possible negative evidence (Fig. 8d-f).

3.4 Prati di Sant’Andrea/Bagnara Vecchia

The fourth investigated deserted medieval site is the motte of Prati di
Sant’Andrea, also known as Bagnara Vecchia (Fig. 1), attested in the sources
as curtis from the 9% century and then as castle Balnarie from the 12 centu-
ry. The site was supposedly destroyed in 1222 by the Communes of Faenza
and Bologna (AuGenTI, Ficara, Ravarorr 2012, 82), with the surviving
population probably relocated towards the nearby settlement of Bagnara,
the present-day historic centre (AUGENTI, FicaArRA, Ravarorr 2012, 79-81).
The site has been excavated since 2005 by the local Soprintendenza and has
recently been converted into a natural restoration and archaeological area
called Ai prati di Sant’Andrea.

The presence of a defensive moat was already known, as it was still
recognisable in the field. Still, the study of legacy images has enabled new
elements of crucial relevance to be mapped. Firstly, a second internal ditch
inside the one already known can be seen in an aerial b/w image from the
1990s (Fig. 9a). Both features are characterised by a darker colour compatible
with a filled negative feature, albeit only archaeological excavations could
assess whether they were functioning simultaneously or if they belong to
different chronological phases. Secondly, a possible artificial canal 7 m wide
can be seen in a WVO02 satellite image captured on 29t July 2021 provided
by ESRI (Fig. 9b, n. 5), originating from a much larger palaeochannel (Fig.
9b, n. 4), running parallel to Via Fossette for 200 m and potentially joining
the (double) moat system of Bagnara Vecchia (Fig. 9b, n. 1). If what we
mapped was indeed the canal supplying water to the medieval moat system,
this means the palacochannel along Via Segazzano was not ultimately filled
up at the time (Fig. 9b, n. 4), although it is probably the silting watercourse
that in the Bronze Age created a significant fluvial ridge in the area, known
as paleodosso di Bagnara (FRANCESCHELLI, MARABINT 2007, 29-30).

The importance of these legacy images becomes even clearer when we
consider the recent transformations undergone by the site to create the natural
area. This new configuration is visible in the most recent Google Earth and
ESRIimages (Fig. 9¢) and could prevent marks formation in the coming years.

3.5 Cosina

The fifth castle is Cosina, attested by the chronicler Tolosano from
Faenza between 1199 and 1220 CE (RossiNi 1936, 115-117, 130-131).
The location of this abandoned site has been suggested near the farmhouse
Piazzetta (Fig. 1), where emerging structures had been seen during ploughing

237



M. Abballe

0 25 50 75 100 m

0 25 50 75 100m
el

Fig. 10 - Site of Cosina: a) b/w legacy aerial image provided by MaTT™m (1996) suggesting the pres-
ence of a planned site with quadrangular defensive system; b) DEM generated from drone survey
on 9% October 2020; ¢) combined view of DEM and aerial photo.
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(MonTeVECcHI 1970, 187), but also further W along Via Carbonara where
the toponym Castellaccium Cosine is recalled in 1454 and 1524 (AUGENTI,
Ficara, Ravatorr 2012, 147-148). However, an aerial photo from the 1990s
allows us to dispel these doubts by showing a rectangular feature of 140x80
m right next to the Piazzetta farmhouse (Fig. 10a). It is characterised by a
darker colour, possibly caused by a high organic matter content. Furthermore,
a more prominent mark, apparently only a couple of metres wide, seems
to enclose the whole site, which measures 200x130 m and occupies a total
area of around 2.6 ha. The relatively limited width of this second mark, also
characterised by a darker colour, suggests a ditch, which could have had a
defensive purpose through the presence of a wooden palisade.

Remote surveillance did not result in the detection of crop marks, which
may not have occurred during the three years 2020-2022. Still, a drone pho-
togrammetric survey was carried out to verify the possible presence of a motte
in correspondence with the central rectangular feature. As can be seen from
the generated DEM (Fig. 10b) and the combined visualisation with the aerial
photo (Fig. 10c), no micro-relief of archaeological significance can be currently
recognised at the site. If a motte did exist, it was levelled by successive agri-
cultural ploughing, similar to what probably happened at Cavassona (§ 3.2).

3.6 Momntaccio

The sixth and last site is the castro quod vocatur Solustra, mentioned for
the first and only time in 1106 CE, whose location has been recognised in the
toponym Montaccio, a small mound next to the Sellustra stream at the border
between Imola and Dozza (Fig. 1). This hypothesis seems to be confirmed by
the finds collected by artefact surveys: soapstone sherds, broadly dated to the
Middle Ages (MERLINI 1997, 298-305), but also Archaic Maiolica suggesting
occupation still after the first half of the 13® century (LIBRENTI 1994, 171).

Although the location of the site seems to be settled, questions re-
mained about its chronology and morphology. A legacy b/w aerial photo
from the 1990s (Fig. 11a) allows us to define almost completely the limits
of this motte, probably surrounded by a defensive element. Within this large
defensive structure, maybe an embankment, there is a smaller feature just a
few metres wide characterised by a darker colour, most likely a small ditch,
maybe hosting a palisade.

The remote surveillance did highlight some features on 3¢ August 2022
(Fig. 11b), especially on the northern edge of the field, visible mainly in the
RGB image (Fig. 11b, n. 1) and somewhat less clear in the NDVI visualisation
(Fig. 11b, n. 3). However, it was only in the subsequent drone acquisition
in the field on 6™ August 2022 that a wide range of evidence appeared (Fig.
11c). We can recognise the possible extent of the fortified site in its entirety
(Fig. 11c, see arrows), as well as part of the ditch that encircled it that led to
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Fig. 11 - Site of Montaccio: a) b/w legacy aerial image provided by MaTT™m (1996) suggesting the
presence of a defensive system; b) PlanetScope image of 3* August 2022 in RGB (b1), False Colour
(b2) and NDVI (b3) visualisations; c-d) drone orthophoto and oblique image of 6™ August 2022
with main historical features highlighted by arrows (2-3) and possib(ile modern utilities (4-5).
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a distinct positive crop mark (Fig. 11¢, n. 2). Also modern traces of under-
ground utilities are visible (Fig. 11¢, n. §), including a gas pipeline laid down
in 2011 (Fig. 11¢-d, n. 4) as observable in Google Earth images of 30* March
2011. However, some of the linear traces in the centre of the site appear to be
archaeological in nature (Fig. 11c-d, n. 3), untouched by the pipeline works,
and matching the crop marks documented by Maurizio Molinari through
oblique aerial photographs already in the 1990s (LIBRENTI, MICHELINI,
MoLiNARI 2004, 27-28, 43).

4. DiscussION

4.1 The value of legacy images for deserted medieval sites

The new results discussed demonstrate the potential of the ever-growing
number of aerial and satellite image time series collected over the past decades,
freely and often easily accessible. These data can help shed light on changes
in the landscape (e.g. past river network, ABBALLE, CAavarazz1 2021), but
also on a variety of archaeological sites differing in morphology and chro-
nology, including the deserted medieval fortified settlements discussed in
this paper. The systematic study of these remotely sensed data has allowed
us to map new defensive elements for six abandoned sites, known mainly by
the written sources but whose location was often still hypothetical, making
it possible to define their shape and extent in almost their entirety. These
data fill a considerable knowledge gap concerning the medieval castles in
the hinterland of Ravenna, compared to other neighbouring regions where
these sites are much better known, mainly due to the extensive exploitation
of remote sensing data (cfr. § 1).

From a historical-archaeological point of view, knowing more about the
castles’ layouts in this area allows us to make some additional considerations.
Rectangular or even square plans are typical for castles of seconda generazi-
one (i.e. 12%/13% centuries CE, AUGENTI 2018), suggesting careful planning
like in Cosina and Pentecaso, but also at other nearby sites (Fig. 1), such as
Castelbolognese di Medesano, Castel S. Polo (GRaANDI 2010; LiBRENTI 2019)
and Fusignano Vecchio (CaNt, Zaccart 1991). Archaeological research found
evidence for changes in the pre-existing settlement patterns due to these new
foundations in the area northwest of Ravenna (i.e. Bassa Romagna, CAvALA-
zz1 et al. 2018) and in the near eastern Bologna province (LIBRENTI 2019).

These changes mainly involved further nucleation of the rural popula-
tion and widespread abandonment of prima generazione castles for which
a clear preference seems to be recognisable for (sub-)circular fortifications,
like in Cavassona. A similar pattern would also be recognisable in Mon-
taccio and castrum Taularie, which may have already existed before the
beginning of the 12" century when we have the first references to their
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existence, but not specifically to their birth. Thus, there is a great need for
accurate chronological data to better frame these processes, only hinted at
here, but it would be essential to repeat the same systematic study in other
areas in Italy and Europe where current knowledge on abandoned medieval
settlements is lacking, possibly only due to limitations of previous research.

4.2 Continuous satellite monitoring for planning optimal field surveys

The paper presents innovative methodological aspects, being among
the earliest to evaluate the potential of high temporal frequency PlanetScope
satellites for archaeological purposes, specifically in the ability to highlight
crop and soil marks indicative of buried features (McGRATH et al. 2022). The
potential of this recently deployed commercial constellation of satellites is
significant if compared to the much more employed Sentinel-2, as they offer
higher resolution both spatially (3m vs 10m) and temporally (almost daily vs
five days revisit time). Moreover, the six cases of deserted medieval fortified
settlements discussed above have been used to further test the potential of
these 3m satellite images, which allow almost real-time assessment of the land
use/land cover over a selected location (with a one-day delay at most between
image acquisition and its availability) and nearly every day if no clouds are
present on the area.

As mentioned, we monitored six case studies remotely and continuously
until possible crop or soil marks could be detected from the PlanetScope
data. Once identified, a field verification was carried out via drone flight.
The on-site verification documented additional features not visible (or eas-
ily interpretable) in the 3m images because of their dimensions, which are
smaller than the spatial resolution of the satellite data. For example, the
internal partitions of the paddy fields at Pentecaso were not visible in the
satellite data (Figs. 3b, 4a), whereas they emerged clearly from the drone
photographic documentation (Figs. 3¢, 4c-d). Even more surprising are the
results from Montaccio, where the satellite data showed very faint differ-
ences in vegetation growth (Fig. 11b), while the drone flight mapped both
the layout of the site and possible internal structures, as well as modern
features (Fig. 11c-d).

These few but significant results demonstrate the potential of this
combined approach to target research efforts by only planning field activ-
ities when the best state of use (e.g. presence of plants such as wheat or
alfalfa) and climatic conditions (e.g. periods of drought) align. Thus, we
could overcome a significant limitation of aerial archaeology, which is the
apparent randomness in the appearance of archaeological traces that could
easily slip out during fieldwork activities. Potentially this approach could
also be used on sites with less obvious features, not at all recognisable
from satellite data, by estimating the best period for marks formation on
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the basis of the field land use and regional climatic and moisture data. This
strategy could significantly increase the effectiveness of a single drone oper-
ator/archaeologist who can often only study a handful of sites per season,
allowing the study of more contexts and greatly enhancing the possibility
of collecting valuable data.

5. CONCLUSION

The results presented highlight the high value of legacy aerial and sat-
ellite images for identifying and understanding deserted medieval fortified
settlements, especially in flat areas where these large sites emerge more easily
as crop and soil marks. At the same time, the affordability of drones and the
increased temporal coverage provided by satellites such as Sentinel-2 (every
five days, provided by the European Space Agency free of charge) and high-
er-resolution PlanetScope (almost daily, commercial data but often accessible
equally free for research purposes), opens the possibility of remotely estimating
the best period for new targeted captures, at a higher resolution more signif-
icant for archaeological purposes. This approach could also be tested on less
prominent sites by combining land use and meteorological data. Moreover,
drones equipped with multispectral or thermal cameras could significantly
enhance the likelihood of identifying archaeological features across various
typological and chronological sites, increasing our knowledge and optimising
research efforts.
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ABSTRACT

The nucleation of the rural population was a widespread phenomenon during the
Middle Ages that interested many areas of Western Europe. However, many of these sites are
now deserted with the underlying phenomena causing these abandonments not always easy to
reconstruct. Archaeologists have been interested in these medieval settlements since the middle
of the 19 century, and remote sensing has played a decisive role in mapping hundreds of them.
This also applies to many parts of the Po Valley but not the Romagna plain, where hundreds
of medieval sites are known but almost exclusively based on written sources. However, the
increasing availability of aerial and satellite images offers a valuable opportunity to bridge this
knowledge gap. The systematic study of legacy images allowed the mapping of new defensive
elements and reconstruction of the general plan of six deserted medieval fortified settlements
in the broader hinterland of Ravenna. PlanetScope 3m resolution images were later exploited
to continuously monitor these sites during periods prone to crop marks formation to detect the
presence of wide crop/soil marks (e.g. ditches). Six successful field verifications demonstrate
that these ‘coarse’ images are sufficient to plan drone surveys that can allow the mapping of
additional smaller features.
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