


DEFENSIVE ARCHITECTURE OF THE MEDITERRANEAN
Vol. XV



DEFENSIVE ARCHITECTURE OF THE MEDITERRANEAN
Vol. XV

Editors

Marco Giorgio Bevilacqua, Denise Ulivieri
Università di Pisa

PROCEEDINGS of the International Conference on Fortifications of the Mediterranean Coast

FORTMED 2023



Series Defensive Architecture of the Mediterranean
General editor: Pablo Rodriguez-Navarro

The papers published in this volume have been peer-reviewed by the Scientific Committee of FORTMED2023_Pisa
© editors: Marco Giorgio Bevilacqua, Denise Ulivieri
© editorial team: Iole Branca, Valeria Croce, Laura Marchionne, Giammarco Montalbano, Piergiuseppe Rechichi
© cover picture: Giammarco Montalbano, Piergiuseppe Rechichi
© papers: the authors
© publishers: Pisa University Press (CIDIC), edUPV (Universitat Politècnica de València)

Published with the contribution of the University of Pisa

© Copyright 2023
Pisa University Press
Polo editoriale - Centro per l’innovazione e la diffusione della cultura
Università di Pisa
Piazza Torricelli 4 · 56126 Pisa
P. IVA 00286820501 · Codice Fiscale 80003670504
Tel. +39 050 2212056 · Fax +39 050 2212945
E-mail press@unipi.it · PEC cidic@pec.unipi.it
www.pisauniversitypress.it
ISBN 978-88-3339-794-8 (three-volume collection)
ISBN 978-88-3339-797-9 (vol. 15 and electronic version)

© Copyright edUPV (Universitat Politècnica de València) 2023
ISBN: 978-84-1396-125-5 (three-volume collection)
ISBN: 978-84-1396-129-3 (electronic version)
ISBN: 978-84-1396-128-6 (vol. 15)

PROCEEDINGS of the International Conference on Fortifications of the Mediterranean Coast FORTMED 2023
Pisa, 23, 24 and 25 March 2023

Membro Coordinamento
University Press Italiane

L’opera è rilasciata nei termini della licenza Creative Commons: Attribuzione - Non commerciale - Non opere derivate 4.0 Internazio-

nale (CC BY-NC-ND 4.0).
Legal Code: https://creativecommons.org/licenses/by-nc-nd/4.0/legalcode.it

L’Editore resta a disposizione degli aventi diritto con i quali non è stato possibile comunicare, per le eventuali omissioni o richieste di 
soggetti o enti che possano vantare dimostrati diritti sulle immagini riprodotte.

L’opera è disponibile in modalità Open Access a questo link: www.pisauniversitypress.it

International conference on fortifications of the Mediterranean coast FORTMED 2023, 6. <2023 ; Pisa>
Defensive architecture of the Mediterranean, vol. XIII-XV : proceedings of the International conference on fortifications of the 
Mediterranean coast FORTMED 2023 : Pisa, 23, 24 and 25 March 2023 / editors Marco Giorgio Bevilacqua, Denise Ulivieri. - 3 
volumi. - Pisa : Pisa university press, 2023.

Contiene:
[Vol. 1]: Defensive architecture of the Mediterranean, vol. XIII / editors Marco Giorgio Bevilacqua, Denise Ulivieri
[Vol. 2]: Defensive architecture of the Mediterranean, vol. XIV / editors Marco Giorgio Bevilacqua, Denise Ulivieri
[Vol. 3]: Defensive architecture of the Mediterranean, vol. XV / editors Marco Giorgio Bevilacqua, Denise Ulivieri

725.18091638 (23.)
I. Bevilacqua, Marco Giorgio II. Ulivieri, Denise 1. Architettura militare - Fortificazioni - Mar Mediterraneo - Coste - Congressi

CIP a cura del Sistema bibliotecario dell’Università di Pisa



V

Defensive Architecture of the Mediterranean / Vol. XV / Bevilacqua, Ulivieri (Eds.)

© 2023 Pisa University Press (CIDIC) / edUPV

Organization and committees

Organizing Committee

Chairs:
Marco Giorgio Bevilacqua. Università di Pisa
Denise Ulivieri. Università di Pisa

Secretary:
Lucia Giorgetti. Università di Pisa
Stefania Landi. Università di Pisa

Members:
Iole Branca. Università di Pisa
Laura Marchionne. Università di Firenze
Massimo Casalini. Università di Pisa
Valeria Croce. Università di Pisa
Andrea Crudeli. Università di Pisa
Monica Petternella. Università di Pisa
Piergiuseppe Rechichi. Università di Pisa
Giammarco Montalbano. Università di Pisa

Scientific Committee
Almagro Gorbea, Antonio. Real Academia de Bellas Artes de San Fernando. Spain
Bertocci, Stefano. Università degli Studi di Firenze. Italy
Bevilacqua, Marco Giorgio. Università di Pisa. Italy
Bragard, Philippe. Université Catholique de Louvain. Belgium
Bouzid, Boutheina. École Nationale d’Architecture. Tunisia
Bru Castro, Miguel Ángel. Instituto de Estudios de las Fortificaciones – AEAC. Spain
Cámara Muñoz, Alicia. UNED. Spain
Camiz, Alessandro. Özyeğin University. Turkey
Campos, João. Centro de Estudos de Arquitectura Militar de Almeida. Portugal
Castrorao Barba, Angelo. The Polish Academy of Sciences, Institute of Archaeology and Ethnology. 

Poland – Università degli Studi di Palermo. Italy
Croce, Valeria. Università di Pisa. Italy
Cherradi, Faissal. Ministère de la Culture du Royaume du Maroc. Morocco
Cobos Guerra, Fernando. Arquitecto. Spain
Columbu, Stefano. Università di Cagliari. Italy
Coppola, Giovanni. Università degli Studi Suor Orsola Benincasa di Napoli. Italy
Córdoba de la Llave, Ricardo. Universidad de Córdoba. Spain
Cornell, Per. University of Gothenburg. Sweden
Dameri, Annalisa. Politecnico di Torino. Italy
Di Turi, Silvia. ITC-CNR. Italy
Eppich, Rand. Universidad Politécnica de Madrid. Spain
Fairchild Ruggles, Dorothy. University of Illinois at Urbana-Champaing. USA
Faucherre, Nicolas. Aix-Marseille Université – CNRS. France
García Porras, Alberto. Universidad de Granada. Spain
García-Pulido, Luis José. Escuela de Estudios Árabes, CSIC. Spain
Georgopoulos, Andreas. Nat. Tec. University of Athens. Greece
Gil Crespo, Ignacio Javier. Asociación Española de Amigos de los Castillos. Spain



VI

Gil Piqueras, Teresa. Universitat Politècnica de València. Spain
Giorgetti, Lucia. Università di Pisa. Italy
Guarducci, Anna. Università di Siena. Italy
Guidi, Gabriele. Politecnico di Milano. Italy
González Avilés, Ángel Benigno. Universitat d’Alacant. Spain
Hadda, Lamia. Università degli Studi di Firenze. Italy
Harris, John. Fortress Study Group. United Kingdom
Islami, Gjergji. Universiteti Politeknik i Tiranës. Albania
Jiménez Castillo, Pedro. Escuela de Estudios Árabes, CSIC. Spain
Landi, Stefania. Università di Pisa. Italy
León Muñoz, Alberto. Universidad de Córdoba. Spain
López González, Concepción. Universitat Politècnica de València. Spain
Marotta, Anna. Politecnico di Torino. Italy
Martín Civantos, José María. Universidad de Granada. Spain
Martínez Medina, Andrés. Universitat d’Alacant. Spain
Maurici, Ferdinando. Regione Siciliana-Assessorato Beni Culturali. Italy
Mazzoli-Guintard, Christine. Université de Nantes. France
Mira Rico, Juan Antonio. Universitat Oberta de Catalunya. Spain
Navarro Palazón, Julio. Escuela de Estudios Árabes, CSIC. Spain
Orihuela Uzal, Antonio. Escuela de Estudios Árabes, CSIC. Spain
Parrinello, Sandro. Università di Pavia. Italy
Pirinu, Andrea. Università di Cagliari. Italy
Quesada García, Santiago. Universidad de Sevilla. Spain
Rodríguez Domingo, José Manuel. Universidad de Granada. Spain
Rodríguez-Navarro, Pablo. Universitat Politècnica de València. Spain
Romagnoli, Giuseppe. Università degli Studi della Tuscia. Italy
Ruiz-Jaramillo, Jonathan. Universidad de Málaga. Spain
Santiago Zaragoza, Juan Manuel. Universidad de Granada. Spain
Sarr Marroco, Bilal. Universidad de Granada. Spain
Spallone, Roberta. Politecnico di Torino. Italy
Toscano, Maurizio. Universidad de Granada. Spain
Ulivieri, Denise. Università di Pisa. Italy
Varela Gomes, Rosa. Universidade Nova de Lisboa. Portugal
Verdiani, Giorgio. Università degli Studi di Firenze. Italy
Vitali, Marco. Politecnico di Torino. Italy
Zaragoza, Catalán Arturo. Generalitat Valenciana. Spain
Zerlenga, Ornella. Università degli Studi della Campania Luigi Vanvitelli. Italy

Advisory Commitee

Pablo Rodríguez-Navarro. President of FORTMED. Universitat Politècnica de València
Giorgio Verdiani. Università degli Studi di Firenze
Teresa Gil Piqueras. Secretary of FORTMED. Universitat Politècnica de València
Roberta Spallone. FORTMED advisor. Politecnico di Torino
Julio Navarro Palazón. LAAC, Escuela de Estudios Árabes, CSIC
Luis José García Pulido. LAAC, Escuela de Estudios Árabes, CSIC
Ángel Benigno González Avilés. Departamento de Construcciones Arquitectónicas. Escuela Politécnica 

Superior Universidad de Alicante



VII

Organized by:

With the patronage of:

Partnership:

With the collaboration 
and the contribution of:

DIPARTIMENTO DI INGEGNERIA 

DELL’ENERGIA, DEI SISTEMI,

DEL TERRITORIO E DELLE COSTRUZIONI

With the patronage 
and the contribution of:

With the patronage of:



IX

Defensive Architecture of the Mediterranean / Vol. XV / Bevilacqua, Ulivieri (Eds.)

© 2023 Pisa University Press (CIDIC) / edUPV

Preface .......................................................................................................................................................XV

Contributions

CHARACTERIZATION OF GEOMATERIALS

Stone materials and construction technology in the Piscinnì tower (South-western Sardinia, Italy): 
archaeometric investigations and digital survey ....................................................................................... 941
S. Columbu, D. Fancello, G. Verdiani

Mannu tower (Central-western Sardinia, Italy): from petrographic, geomorphological investigations 
and digital survey to intervention proposal .............................................................................................. 949
S. Columbu, R. T. Melis, P. E. Orrù, V. Demurtas, D. Fancello, G. Verdiani, G. Deiana

The Rocca Vecchia fortress in the Gorgona island (Tuscany, Italy): building materials and 
conservation issues ................................................................................................................................... 957
F. Fratini, S. Rescic, D. Pittaluga, F. De Vita

The building materials of the Rocca della Verruca fortress (Tuscany-Italy) ........................................... 965
G. Pancani, A. Arrighetti, F. Fratini, S. Rescic

Caracterización arqueométrica de morteros históricos en las torres nazaríes del reino de Granada ....... 973
L. Pérez-Lomas, J. Ruiz-Jaramillo, L. J. García-Pulido

Fortezza medicea di Volterra: progetto della ‘messa in sicurezza’ (restauro e recupero) del 
camminamento di ronda e degli elementi architettonici a sporgere -‘beccatelli’- del lato nord della 
cortina perimetrale (1472/1474) ............................................................................................................... 981
D. Taddei, C. Calvani, A. Taddei, A. Martini

DIGITAL HERITAGE

Application of new survey technologies for 3D restitution and the architectural study of the Spanish 
fort Gourraya in Bejaia (Algeria) ............................................................................................................. 991
N. Abderrahim Mahindad, S. Haoui Bensaada

The Fort of the Holy Savior in Messina. Historical cartography and digital surveys .............................. 997
A. Altadonna, G. Martello, A. Nastasi, F. Todesco

Drawing and interactive architectural walkthrough to communicate complex spaces .......................... 1005
A. Basso, A. Meschini, M. Russo

Studio preliminare sul complesso fortificato di Trogir (Croazia) basato su un approccio multi-
disciplinare  ............................................................................................................................................. 1013
S. Brizzi, M. Ricciarini, S. Bertocci, C. Riminesi

Table of contents



X

Fruizione digitale dei paesaggi perduti. Il sistema fortificato di Palazzo d’Avalos a Procida ............... 1021
P. D’Agostino, G. Antuono, A. Maglio, A. Carannante

Digital survey and 3D virtual reconstruction for mapping historical phases and urban integration of 
the fortified gates in the city of Pavia, Italy ............................................................................................ 1029
R. De Marco, F. Galasso

Fortificación y control estratégico del Camino de la Raya en el s.XV: análisis geoespacial del dominio 
visual de un territorio de frontera  .......................................................................................................... 1037
J.J. Fondevilla Aparicio

Il ruolo del rilievo integrato nell’interpretazione dell’edificio storico: Rocca di Sala a Pietrasanta 
(Lu) ......................................................................................................................................................... 1047
G. Frosini, L. Parodi, A. Di Paola, S. Vecchio, S. Garuglieri, B. Verona

Levantamiento digital y modelización 3D de la Torre Rubia, del siglo XVI en Molinos Marfagones 
(Cartagena, Región de Murcia) .............................................................................................................. 1055
J. García-León, P. E. Collado-Espejo, P. J. Martínez-Serrano

Levantamiento fotogramétrico de las atalayas medievales del Altiplano más septentrional de 
Granada. .................................................................................................................................................. 1063
L. J. García-Pulido, J. Ruiz-Jaramillo

Taranto underground: digital survey and virtual exploration of the hypogea along the Aragonese 
walls ........................................................................................................................................................ 1073
G. Germanà, G. Verdiani, S. Giraudeau

Digital artefacts for the knowledge and documentation of the fortified heritage. The Castle of Torres 
Vedras in Portugal .................................................................................................................................. 1081
F. Guerriero

Castelnuovo: una fortezza dimenticata ................................................................................................... 1089
C. Monteleone, F. Panarotto

Le rocce raccontano: la cripta, le prigioni e i sotterranei del castello di Otranto. Dal rilievo al modello 
di fruizione virtuale ................................................................................................................................. 1097
G. Muscatello, C. Mitello

Rilievo architettonico remote sensing della Fortezza della Verruca sui Monti Pisani, Toscana (Italia) 1105
G. Pancani, M. Bigongiari

Analysis and definition of intervention strategies for the conservation of the boundary walls in 
Verona ..................................................................................................................................................... 1113
S. Parrinello, R. De Marco, E. Doria

Digitalizzare, ricostruire e fruire il Castello di Montorio. Un tassello nella definizione della rotta 
culturale dei castelli scaligeri .................................................................................................................. 1123
F. Picchio, A. Pettineo

Levantamiento gráfico integral para el análisis de la Fortaleza de Santa Ana en Oliva (Valencia) ...... 1131
P. Rodríguez-Navarro, T. Gil Piqueras, A. Ruggieri



XI

La fotogrametría SfM mediante UAS para la documentación de las fortificaciones de la Alpujarra 
(Granada y Almería, España) ................................................................................................................. 1139
J. Rouco Collazo, J. A. Benavides López

A 3D integrated survey of fortified architectures: the medieval Canossa castle .................................... 1147
M. Russo, F. Panarotto, G. Flenghi, E. Rossi, A. Pellegrinelli

Architetture fortificate in Istria: analisi, restituzione BIM e comunicazione avanzata di due forti a 
Pola ......................................................................................................................................................... 1155
A. Sdegno, V. Riavis, P. Bašić

Elementi fortificati dal territorio di Palmi e Seminara: la cittadella di Carlopoli .................................. 1163
F. Stilo, L. Pizzonia

Documentation, understanding and enhancement of Cultural Heritage through integrated digital 
survey: Ínsua fort in Caminha (Portugal) ............................................................................................... 1171
R. Volzone, P. Becherini, A. Cottini

CULTURE AND MANAGEMENT

L’antico castello di Alba: studi per la conservazione e la valorizzazione di un sito archeologico ........ 1181
F. Ambrogio

Culture, tourism and fortifications-Educational centre on St. John’s Fortress in Šibenik, Croatia ....... 1189
G. Barišić Bačelić, I. Lučev

Bunker landscapes. From traces of a traumatic past to key elements in the citizen identity ................. 1195
G. Cherchi, D. R. Fiorino, M. R. Pais, M. S. Pirisino

Fortified city’s heritage and urban archaeology. The Neapolitan fortified port town through the 
archaeological discoveries ...................................................................................................................... 1203
T. Colletta

Da struttura fortificata a centro per la comunità: il caso del castello di Hylton a Sunderland (UK) ..... 1211
D. Dabbene

Identification and Prioritization of Conservation Measures at the Castle of Gjirokastra, Albania   ...... 1219
R. Eppich, E. Mamani, L. Hadzic, J. Alonso, M. Núñez García, I. Martínez Cuart

Andar per castelli: Calendasco lungo la via Francigena ........................................................................ 1227
M. M. Grisoni, N. Badan, D. Zanon

Le mura invisibili .................................................................................................................................... 1237
M. Malagugini, S. Saj

Adaptive Reuse for Fortifications as a Strategy towards Conservation and Urban Regeneration. The 
case of ‘Canto di Stampace’ in Pisa ....................................................................................................... 1245
L. Marchionne, E. Parrini

La Cittadella di Alessandria, ‘Faro’ di pace in Europa .......................................................................... 1253
A. Marotta



XII

Identidad y memoria: nuevos enfoques para la gestión de los castillos en la provincia de Alicante 
(España) .................................................................................................................................................. 1261
J. A. Mira Rico, G. Jover Roig

Recupero dei camminamenti in quota delle mura urbane limitrofe al Giardino Scotto di Pisa ............. 1269
M. Pierotti, M. Guerrazzi, G. Masiello

The Military Heritage and its natural environment of the Veracruz-Mexico Royal Road .................... 1277
D. Pineda Campos

La Real Piazza di Pescara: prospettive per la ricerca di un’identità urbana .......................................... 1285
M. Pirro

Torri nel paesaggio urbano. La ‘turrita’ Forio d’Ischia tra alterazioni e possibilità di valorizzazione 
delle architetture fortificate ..................................................................................................................... 1291
A. Ragosta

Architetture fortificate e gestione dell’emergenza post-sisma: nuovi possibili strumenti per il rilievo 
del danno ................................................................................................................................................. 1299
E. Zanazzi

MISCELLANY

Revitalization of tower fort Fort Monte Grosso and the restoration of the fortified path of Pula ......... 1309
P. Boljunčić

Il progetto incompiuto di Massimo Carmassi per il restauro della Fortezza Nuova di Pisa .................. 1317
A. Crudeli

The Castle of Cleto in Calabria. Singular characteristics of a fortress................................................... 1325
C. Gattuso, D. Gattuso

Strategie di conoscenza e di progetto: un nuovo percorso urbano per il borgo storico di Massa 
Marittima ................................................................................................................................................ 1331
E. Giomini, S. Pieri, M. De Vita

Esplorazione visuale del dibattito intorno al secondo fianco ................................................................. 1339
M. Pavignano



949

Defensive Architecture of the Mediterranean / Vol. XV / Bevilacqua, Ulivieri (Eds.)

© 2023 Pisa University Press (CIDIC) / edUPV

1.1. Historical and architectural aspects 

The tower rises 51 m. above sea level on the 
promontory of Capu Mannu (or Capo Mannu), in 
1572 called Capo las Salinas, then later: Monte 
delle Saline di Oristano (in 1578), Capitis Magni 
(1590), Cabo Maño (1620), Cabo Manno (1639), 
Cabu Mannu (1729), Cabidurimannu (1740). 

The tower history (recorded by archive 
documents) has been summarised and made 
available online by the Regional Agency of 
registry of the Sardinian Coasts (1). 

In 1572 Don Marcantonio Camos, at the behest 
of Viceroy Don Juan Coloma, led an expedition 
of experts along the coastline of the island, to 

Mannu tower (Central-western Sardinia, Italy): from petrographic, 
geomorphological investigations and digital survey to intervention 
proposal
Stefano Columbua, Rita Teresa Melisb, Paolo E. Orrùc, Valentino Demurtasd, Dario 
Fancelloe, Giorgio Verdianif,  Giacomo Deianag

a Department of chemical and geological sciences, University of Cagliari, Cittadella universitaria di Monserrato, 
Cagliari, Italy, columbus@unica.it, b Department of chemical and geological sciences, University of Cagliari, 
Cittadella universitaria di Monserrato, Cagliari, Italy, c Department of chemical and geological sciences, 
University of Cagliari, Cittadella universitaria di Monserrato, Cagliari, Italy, d Department of chemical and 
geological sciences, University of Cagliari, Cittadella universitaria di Monserrato, Cagliari, Italy, e Department of 
chemical and geological sciences, University of Cagliari, Cittadella universitaria di Monserrato, Cagliari, Italy, 
f Department of Architecture, University of Florence, Florence, Italy, giorgio.verdiani@unifi.it, g Department of 
chemical and geological sciences, University of Cagliari, Cittadella universitaria di Monserrato, Cagliari, Italy

Abstract

The Capo Mannu tower rests on a cliff edge in the central-western coast of Sardinia (Italy). It is placed on 
a 50-60 metres-thick aeolian sequence of Plio-Pleistocene age (Capo Mannu Fm.), that lies above Miocene 
to Lower Pliocene marine sediments (mainly limestones, sandstones, marly clays). Archival documents 
attested the decay state of the tower since 1620: “...les torres de Orfano Puddo, Scala Sal y Cabo Maño del 
Campidano de la ciutat de Oristany ha necessitat deser reparadas en moltes parts...”. Repair interventions 
were carried out in 1784-1786, and in 1822 by the Towers Administration; the tower was garrisoned until 
1846 and then abandoned. The decay of the building materials and of the tower structure is mainly due 
to the weathering and to the continuous gravitational collapses, triggered by the wave erosion that also 
produces the cliff retreat. The aim of research is to define: i) petrographic features and chemical-physical 
degradation of geomaterials; ii) building decay and geomorphological processes through the elaboration 
of a digital model of the tower and cliff. It will help to better understand the factors that affect the structure 
decay, and to refer the building materials to the original shape of the ruined tower. The digital survey 
will be mainly based on drone/UAV photogrammetry, with integration in 3D laser-scanner survey. In its 
final stage will try to propose possible interventions of consolidation and conservation in such a complex 
condition. 

Keywords: degradation, chemical-physical processes, conservation, photogrammetry. 

1. Introduction

DOI:10.12871/9788833397948120     
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identify the most strategic points for the erection 
of new coastal towers. He recommended to build 
the eighteenth tower at Cabo del Las Salinas, as an 
ordinary lookout tower manned by two men, with 
an internal cistern, which could be built at a total 
cost of 240 scudi. The tower is then mentioned 
in the project for the construction of numerous 
coastal watchtowers and defence towers prepared 
by Viceroy Michele De Moncada (1578-83), 
being already under construction. 

The Capo Mannu tower was built between 1572 
and 1580 to protect the salt pans, equipped with an 
internal cistern, but already in 1521, the Turkish 
geographer Piri Reis had noted in the Capo Mannu 
the presence of an unfortified guard post that arose 
to defend the Salina beach. The tower was also 
built to guard the cove of Su Pallosu, as certified 
in 1572 “... the Capo las Salinas can accommodate 
a good number of galleys, it possesses timber but 
no water...”, and the tuna fishery that was already 
active in the 16th century. Together with the towers 
of ‘Sa Mora’ and ‘Scala‘ e ‘Sale’, it guarded the 
whole coastal strip north of Sinis, up to the beach 
of Is Arenas and the cliffs of Santa Caterina. The 
tower was in visual contact with the towers of Sa 
Mora, Scala Sale, Saline, Su Puttu, Pittinuri and 
Capo Nieddu. 

Architecturally, the tower is truncated cone-
shaped, and it consisted of a single room with 
a domed vault (the tower keepers’ quarters) 
accessed through a hatchway located about four 
metres from the floor. Originally, the tower must 
have had a diameter at the base of about nine 
metres, the diameter of the parade ground about 
eight metres, and a height of about 10 metres. 
Therefore, it was a “torre de armas” comparable 
in size to a “senzillas” already active since 1590. 
The guard service was initially carried out by 
two soldiers maintained by the city of Oristano, 

and two horsemen paid by the corallari (coral 
harvesters) of Bosa. In 1584 the tower was in 
activity (as reported in the map called Descripcion 
dela Isla y Reyno de Sardeña of the 17th century), 
although Francesco Vico in his Carta gave it 
in 1639. The first maintenance and restoration 
works are documented in 1620 and later in 1692 
(Regia Amministrazione delle Torri, in ASC). 
As Sardinia passed under Piedmont rule, in fact, 
several military engineers were commissioned to 
carry out a new survey of the island’s coastline 
to point out and better define the state of the 
existing towers, still in operation or discharged. 
Among these engineers, the figure of De Vincenti 
undoubtedly stands out, who delivered to the 
viceroy Saint Remy a detailed report on the state 
of the towers, as well as the expenses required for 
the maintenance of that defensive system. 

Among the 67 towers enumerated by the engineer 
also appears the tower of Capo Manno. A person 
is put in charge of guarding the district comprised 
from the Oristano Tower to Scala di Sale. It is 
a watchtower between 1720 (so it appears from 
Cagnoli’s Report, De Vincenti’s Report, and 
Colombino’s Map) and 1794, garrisoned by a 
garrison consisting of one commander and two 
soldiers, in which 1 artilleryman was included 
in 1801; it was equipped with two cannons, 
spingarda and rifles. In 1755 the factory required 
new maintenance work, at a total expense of five 
scudi (Royal Secretariat of State and War in ASC). 
In 1767 the tower was equipped with a cannon to 
defend the port of Paloso from attack by the Turks 
(Ripol Report). In 1822 the bricklaying contractors 
Salvatore Peddis and Antonio Contini received 
1250 Sardinian liras from the Administration 
for their restoration work on the tower.  

Fig. 1 - View of the Tower (photo byVerdiani, 
2022)

Fig. 2 - Sketch map of Sinis sector (Abbazzi et 
al. 2005, modified). A-B: cross-section shown in 
detail in Fig. 7
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In a Report by an unknown author kept in the 
Historical Archives of Turin, dated March 
20, 1843, it is listed among the 63 towers still 
manned. In 1842 the tower was still operational 
in its functions with the presence of an alcalde and 
two soldiers, armed with two mortars and three 
rifles with bayonets. The tower was abandoned in 
1846.

1.2. Aims of research 

The research aims at studying the architectural 
morphological aspects, belongs to the “sanzillas” 
category, characterized by a central column in 
stone material (that supports the vault surmounted 
by the roof), a truncated conical wall structure. 

The construction material features, and their decay 
processes also are the object of analysis, to know 
the petrographic and physical characteristics of 
stones that constitutes the base and the masonry 
of the tower, as well as all the internal structural 
elements. 

Even the external finishing mortars that appear 
in several layers, due to different maintenance 
interventions over time, and the bedding 
mortars inside the wall, are the aims of this 
study. In detail the objects of research are: i) 
petrographic features and chemical-physical 
degradation of geomaterials; ii) building decay 
and geomorphological processes through the 
elaboration of a digital model of the tower and 
cliff. It will help to better understand the factors 
that affect the structure decay, and to refer 
the building materials to the original shape of 
the ruined tower. The digital survey is mainly 
based on drone/UAV photogrammetry, and 3D 
laser-scanner survey. ùIn its final stage there 
will be a proposal for possible interventions of 
consolidation and conservation in such a complex 
condition.

2. Geological setting of sector

The studied sector is located in the northern part 
of the Sinis Peninsula in west-central Sardinia. 
Geologically, Sinis is characterized by Cenozoic 
sedimentary sequences and volcanics of the 
Plio-Pleistocene magmatic cycle (Fig. 2). The 
sedimentary rocks are mainly limestones and 
marls of marine environment grading upward 
to evaporitic limestones (Messinian). Plio-
Pleistocene volcanics are represented by small 
and elongated basaltic lava-flows. Rare Oligo-
Miocene volcanics in the North-East of the 

region, and granitic rocks of Palaeozoic basement 
in the Mal di Ventre small island are also found. 
The Pliocene-Pleistocene sequence, where is 
the Capo Mannu Fm., overlies (probably with 
an erosional unconformity) a Middle Miocene-
Messinian sequence resting on the Oligo-Miocene 
volcanic basement (Fig. 3). The sequence 
represents a shoreface unit followed by various 
dune units, locally overlain by Upper Pleistocene 
beach sandstones and conglomerates refered to 
the Tyrrhenyan transgression (Marine Isotopic 
Stage MIS 5e) and continental talus referred to 
the Marine Isotopic Stages MIS 4-2 (Carboni & 
Lecca, 1985; Carboni & Lecca, 1995; Lecca & 
Carboni, 2007). Capo Mannu Fm. consists of a 
calcareous and terrigenous 50m thick sand body, 
made up of four staked and laterally continuous 
dune units, overlain by three other dune units 
of lesser lateral continuity. On the whole, at 
least nineteen dune subunits can be identified in 
the aeolian complex (Carboni & Lecca, 1995; 
Abbazzi et al. 2008) (Fig. 3). Plio-Pleistocenic 
aeolian deposits diffusely observed along the 
western coastline of the region along the Capo 
Mannu cliff (Carboni & Lecca, 1995).

3. Methodological approach

The approach used in the study of construction 
materials and architectural aspects is based on 
different strategic intervention lines: 

 - evaluation of the formal and structural 
characteristics of the tower with dating the 
typological classification, 

 - analysis of the construction technique, 
description of construction phases, 

 - lithological mapping and analysis of main 
petrographic and mineralogical features of 
stones and ancient mortars. 

The rocks and ancient mortars used in the 
construction of the tower were studied and 
analysed on a macroscopic basis. 

The study was addressed in this first preliminary 
work, in characterizing only the materials 
recognizable outside the tower structure. 
The recognition of the lithologies and the 
characterization of textural and structural aspects 
were made using an portable optical microscope 
in reflected light, which made it possible in some 
cases to recognize also the mineralogical phases 
through the study of the crystalline habitus. The 
study of mortars was carried out subdividing them 
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into: bedding mortar of stone ashlars (not clearly 
observable in situ), render mortars of wall and 
plasters. The render mortars are used to close the 
centimetre space between the stone ashlars and to 
prepare the substrate for the next finishing layer 
of plaster. From the macroscopic examination 
it was not possible to understand whether they 
themselves also function as bedding mortars for 
the stone ashlars. An adequate and statistically 
significant sampling and study of materials 
(currently not yet executed) could certainly resolve 

these constructive and stone-compositional 
aspects. The plaster mortars represent the external 
finish that in the past was completely covering 
the irregular truncated-conical wall of the tower. 
The macroscopic analysis of the entire external 
wall of the tower has also allowed the mapping 
and definition of the forms of degradation 
(e.g., exfoliation, flaking, alveolation, salt 
crystallization, etc.) and to understand how the 
alteration processes of material evolve.

4. Results

4.1. Petrographic features and decay of 
construction materials 

The tower is mainly built using local stones 
belonging to the Plio-Pleistocene sedimentary 
sequences, with subordinate Messinian limestone 
and rare volcanics (Fig. 4 a-b). The ashlars have 
different dimensions (from 10 to 60 cm) and 
irregular shapes, except for some well squared 
blocks commonly aligned to set the horizontal 
plane during the building and/or the restoration 
phases. The ashlars were bound with a bedding 
mortar and a render plaster used to fill the voids. 

Interestingly, the finishing plaster is still preserved 
only on the north-west side, where the dominant 
wind blows from (see the left side of the tower in 
Fig. 1); this suggests a plastering intervention in 
more recent times, rather than being the original 
plaster. All mortars seem to be lime-based and 
their conservation state is not good, tending to 

Fig. 4 - a) external masonry showing the main 
rock types; b) detail of pyroclastic fragments; 
V= pyroclastite; LS= laminated sandstone; 
MS= massive sandstone; L= limestone (graphic 
elaboration by Fancello, 2022)

Fig. 3 - Synthetic cross-section from the Capo Mannu to Capo San Marco of Sinis stratigraphic units 
(Abbazzi et al. 2005)
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ground into flour to the touch. The observation of 
sandstone ashlars reveals the presence of different 
sedimentary textures. Some of them exhibit a 
developed stratification, with evident cross-
cut laminations. Some other are more massive 
and lack a clear stratification. Also, grain size, 
colour, and compactness change from one ashlar 
to another, suggesting the materials supply from 
different stratigraphic levels. Miocene limestone 
can be recognized by the lighter colour, the 
more compact texture, and the lower number of 
terrigenous clasts. Rare fragments of greenish 
volcanics, likely pyroclastites with cystal- and 
litho-clasts and juvenile fragments, rarely are 
scattered along the external walls, apparently 
used to fill the voids between the irregularly 
shaped ashlars. The different nature of the stones 
results in different forms of decay (Fig. 5). The 
most common is the alveolation, evident in 
the poorly stratified to massive, and in the less 
compact sandstones. The stratified ones are also 
affected by alveolation, but voids are concentrated 

along bedding planes and their coalescence often 
results in fissures, thus the typical aspect of the 
alveolation decay is lost. 

Limestone ashlars are variably affected by the 
decay; many of them are perfectly sound, other are 
affected by surficial alteration (reddish oxidation 
patinas), other again are affected by fracturing, 
flaking and/or karstification. No significant 
differences are observed between ashlars at 
different heights of the masonry. 

4.2. Geomorphological features of the cliff 
The tower is located near the Capo Mannu cliff, 
which is set on the Capo Mannu Fm. about 50 
metres thick (Fig. 6). The stratigraphic sequence 
consists of the superposition of several dune units 
(Fig. 7), represented by sandstones with terrigenous 
and bioclastic lithic components with different 
degrees of cementation. The dune units are also 
separated by paleosols and colluvium (Carboni 
& Lecca, 1995). The whole cliff is affected by 

Fig. 5 - Decay forms on the tower masonry. A= 
alveolation; EA= elongated alveolation (fissure); 
F= fracturing and flaking; K= karstification, 
(graphic elaboration by Fancello, 2022)

Fig. 6 - Aerial view of Capo Mannu cliff. Red 
line: plan position of cliff along the coastline and 
within the sea (graphic elaboration by Fancello, 
2022)

Fig. 7 - Cross-section of Capo Mannu upper dune complex (Abbazzi et al. 2005)
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landslide processes of collapse and overturning 
of sandstone blocks. These phenomena are most 
present in the sectors where sandstones with a 
weak or very weak degree of cementation and 
pronounced erosion by disintegration are exposed 
in the wall. 

The sandstones, due to their high porosity, are 
subject to intense and easy absorption of meteoric 
water, continuous input of marine spray, as well 
as storm surge, resulting in a deterioration of the 
already poor geomechanical characters of the rock 
outcrop. In addition, the presence of paleosols 
and colluvium, which are even less competent 
than sandstones, make isolated sandstone blocks 
less stable by cracking and vertical joints on the 
cliff.Gravitational phenomena are also favoured 
by other factors such as the angle of layering, 
compositional and textural characters, and 
meteorological factors. 

4.3. Digital survey of the tower

Even if the object of the main intervention on 
material analysis it was the Capo Mannu Tower, 
the digital survey was immediately extended to 

both the towers in Capo Mannu, this choice was 
planned to define a base on which later organize 
all the information about materials, state of decay, 
specific aspect of the towers and of their territory. 
Documenting with a clear and fast procedure the 
conditions of these particular buildings was then a 
mandatory aspect. The procedure adopted for both 
was based on the integration of terrestrial 3D laser 
scanner survey, terrestrial photogrammetry and 
aerial photogrammetry using a UAV/Drone unit. 
The scanner in use was a Cam/2 Faro Focus 3D 
70s, a unit with phase shift measuring technology 
that mix very good features with light weight of 
the instrument and rapid operations. It has an 
operative range of 70 metres and an accuracy of 
about one millimetres at ten metres of distance on 
matte surfaces, the full panoramic field of 360x320 
degree allow to easily cover any architecture and 
gathering a large part of the natural environment 
around the towers. 

The high accuracy of the dataset is also a valuable 
factor in front of the readability of the masonry. 
While the possibility of scanning at extreme 
close range made this scanner versatile for all the 
narrow passages that characterize the position of 
these towers on their cliffs. The approach to both 
towers was then similar, a simple sequence of 
scan stations around the main body of the tower, 
with some more scans dedicated to the top part 
of the one named “Capo Mannu”, which is crack 
open and easy to climb; and some extra scan from 
the distance for the one named “Sa Mora”, to 
add more information about the environment and 
having a better coverage of the top parts. 

The resulting coverage was completed in the turn 
of one day, with 13 scans done for the “Sa Mora” 
and 15 for the “Capo Mannu”. All the scans were 
done using the photographic feature from the 
scanner, so to obtain also realistic RGB colours 
for the resulting point cloud model. The following 
alignment and optimization of the point clouds 
were done in Autodesk Recap Pro, so to have a 
resulting dataset easy to share and fully compliant 
with CAD procedures. To extend the quality of 
the details and the documentation of the top parts, 
an aerial and terrestrial SfM/IM (Guidi et al. 2015) 
photogrammetry survey was operated.

The aerial shooting was done using a UAV/drone 
DJI FC330, using its 12 Megapixel camera and 
producing 383 shots according to a grid with 
the camera pointing to the ground and with a 
series of shots taken in circle around the tower. 

Fig. 8 - View of the aligned 3D laser scanner 
point cloud of the Sa Mora Tower (graphic 
elaboration by Verdiani, 2022)

Fig. 9 - View of the aligned 3D laser scanner 
point cloud of the Capo Mannu Tower (graphic 
elaboration by Verdiani, 2022)
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The ground photogrammetry was operated using 
a Nikon D800e, 36.3 Megapixel camera with 
a Nikkor 24-120mm F4 lens taking 274 shots. 
The overall set of pictures was then processed in 
Agisoft Metashape, using the classic procedure 
of alignment/sparse cloud generation, dense 
cloud creation, production of mesh and texturing 
(Rodriguez-Navarro, 2012). The resulting model 
shows a large part of the cliffs and of the ground 
around the tower, giving place for reference the 
samples and allowing the extraction of sections 
and other drawings which are useful for the 
analysis of the area and for creating proper bases 
for restoration, intervention and enhancement of 
the access to these two significant fortifications.

5. Discussion and conclusions 

The study of the tower of Capo Mannu has made 
it possible to define its structural and architectural 
aspects and the characteristics of the geomaterials 
used in its construction. The tower has had several 
historical decay vicissitudes, followed by various 
restoration interventions since the early 1600s, 
highlighting clear processes of degradation both 
in terms of structure and materials, to which the 
artefact has undergone over the centuries. 

Mainly local stones, basically of sedimentary 
origin (limestones, terrigenous sandstones, aeolian 
deposits, etc.) were used for its construction. 
Due to the prevalent carbonate composition of 
such lithologies and high porosity (which places 
meteoric water in communication with the rock 
matrix), they show poor chemical and physical 
resistance in response to the action of atmosphere 
agents. Indeed, in this coastal area, there is the 
constant presence of wind (often very strong) 
and marine aerosol with constant contribution of 
easily soluble salts (i.e., halite). The degradation 
is due, in the physical aspect, to the continuous 
cycles of solubilisation and crystallization of salts 
and, in the chemical aspect, to a dissolution of 
the carbonate component by rainwater both on 
the sandstones and on the binder of the bedding 
mortars and plasters (today no longer observable). 

The degradation of the stone leads at the 
microstructural level to a decohesion and 
disintegration of the matrix (especially the 
sandstones and aeolian deposits) and a consequent 
retreat of the vertical profile of the tower wall in the 
advanced stage of alteration. The decay processes 
that affect the construction materials also occur on 
the cliff outcrop representing the substrate of tower, 

which is subject to continuous geomorphology 
readjustment processes in continuous changing. 
Thus, the position of the tower near the cliff and a 
substrate that is not stable in terms of mechanical 
strength of the rock mass, lead to further factors 
of degradation, with numerous collapses of the 
tower, as highlighted by the 3D digital survey 

Fig. 10 - Sequence of the photogrammetry 
processing for the Sa Mora tower, from the sparse 
cloud to the textured model (graphic elaboration 
by Verdiani, 2022)
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that showed the absence of a large upper part 
of the structure. Developing proper project of 
knowledge and documentation allows an effective 
and efficient enhancement of the possibility of 
future intervention, at the same time it increase 
the knowledge about the relationship between 
nature, territory and human settlement, especially 
in situations where the territory is showing 
rapid changes like it is for Capo Mannu, where 
almost all the past buildings and road structures 
are gradually going in ruins. The monitoring of 
the built heritage and of its environment is then 
fundamental, the use of digital technologies 
allows an efficient state of knowledge that when 
connected to interdisciplinary skills may bring 
to significant results in terms of safeguard of the 
Patrimony and dissemination. Previous projects 
focused on fortifications have indicated how these 
procedures may be efficiently applied (Rodriguez-
Navarro et al. 2015), would be proper to see this 
same solution, fortified by years of experience, 
applied for a rich patrimony like the one of the 
Sardinia Coasts offers. 
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