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Archaeological organic residues: molecular profiles and biomarkers to

provide a valuable insight of the past times
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A detailed understanding of the organic chemical composition of archaeological objects and ancient
paintings is crucial for identifying not only the original materials (adhesives, sealants, painting, and
coating materials) used by the artisan/artist bsi &r enabling the detection of materials added
during restorations or those induced by time and pollution. Additionally, it aids in comprehending
the function of archaeological objects. The versatile applications of proteins, oils, gums, natural
resins,and resinous materials in various cultural and practical contexts, such as flavoring, incense,
cosmetics, medicines, and mummification balms, underscore the significance of their chemical
characterization. This knowledge, when integrated with historicdl aanhaeological data, has
significantly advanced our understanding of past painting techniques and technologies.

Chemical analysis of these organic materials poses challenges for chemists due to their complex
compositions, susceptibility to degradation processes from aging, environmental factors, and human
activities (e.g., heating processes applied to plant redasover, these materials are often present

in very low quantities compared to inorganic materials. To answer the above many questions,
chromatographynass spectrometric techniques are the techniques of choice.

Currently, techniques based on chromatography and mass, includingSIK3elected ion flow

tube mass spectrometry), E@AS (evolved gas analysis mass spectrometry)GRYMS (pyrolysis

gas chromatographyass spectrometry), GRS, and HPLGMS, play a craial role in analytical
procedures to characterize organic residues in archaeology. These techniques provide characteristic
molecular profiles,that aid in the identification of materials and contribute to understanding
degradation pathways, to identifgographical and botanical sources, to gain insights into ancient
technologies, to uncover religious or ceremonial practices, and to trace trade routes and exchanges
between different regions.

Moreover, this moleculaevel knowledge is invaluable for making informed decisions in restoration
processes, and to evaluate authenticity of ancient paintings, addressing a significant challenge that
has grown in prominence in recent decades.

This lecture focuses on current analytical procedures based on chromategesgshgpectrometric
techniques that allow the characterization of macromolecules and biomarkers in archaeological
objects and paintings, demonstrating their utility in integratimgtorical and archaeological
information. Several case studies, including studies on Domus de Janas paintings and Egyptian
objects from the Egyptian Museum of Torino, are discussed to illustrate the practical application of
these techniques in providingluable insights into the composition and preservation of cultural
heritage.
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Protection and promotion of the material andnon-material heritage
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The "Charter of Intent" for the promotion and preservation of the cultural and environmental heritage
of Palermo, based on the collaboration of institutions, associations, foundations, and the active
participation of citizens, aims to foster the sustaiea@velopment of cultural and sports tourism in

the coastal areas of the city. Particular attention is paid to the protection of traditions and the
involvement of local communities, through a collaborative and inclusive approach to overcome the
challenge®f the future, starting from the development of coastal areas, by respecting local traditions
and the environment.

In this context, a significant aspect of the project is the enhancement of the underwater archaeological
heritage, through an increase in the number of underwater itineraries for in situ documentation of

wrecks, but also of the small communities and pibréis formerly supported smadktale fishing in

the coastal hamlets of the Gulf. Recovering and enhancing these traditions means revitalising small
local economies which, although marginal compared to the big city markets, represent a fundamental
cultural and social resource. Developing the marine heritage is therefore not only about respecting

the environment and the heritage it preserves, but also about transmitting the historical and cultural
memory still alive in the fishermen's kndvow.

Local traditions, such as smaltale fishing, are an element of great value that must be preserved and
passed on to future generations.

The Palermo Charter, which follows in the footsteps of the already existing Ustica Charter, born on
the Rassegna del Mare (Ustica 2024), which was named after Sebastiano Tusa, represents a
fundamental step in the process of enhancing and preserving nesoraices and the archaeological,
material and immaterial anthropological heritage, as well as safeguarding local traditions.

The project provides for initiatives for young people, such as cultural events, artists' residencies,
sports activities and educational programmes, to promote greater awareness of the sea and its
preservation, while fostering the sustainable developmemiro€ity's coastline.
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SIMUA PALERMO
Il sistema museale di Ateneo attraverso la storia dei luoghi e delle esperienze.

Un rapido viaggio tra musei, siti speciali e collezioni provenienti da piu di due secoli di accademia
palermitana.

Funzioni, accessibilit”"6 e opportunit”™ nell e
Unipa Heritage e la nuova frontiera della divulgazione e trasmissione della cultura.

The University museum system through the history of places and experiences.

A quick journey through museums, special sites and collections from more than two centuries of
Palermo academy.

Functions, accessibility and opportunities in the relationships between places, communities and
society.

Unipa Heritage and the new frontier of dissemination and transmission of culture.
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Lime is one of the oldest and most versatile binders used by Humanity and it has played an extremely
important role in the development of art and construction, influencing aesthetic and technical
evolution over millennialn this regard, lime plays a crucial role in the restoration of historical works

as well.lts compatibility with the original materials makes it possible to restore ancient structures
without compromising historical integrity

In 1886 Michele Spadaro transformed the limestone coming from the Modica countryside into a very
valuable lime, by using a Catonian kilfter several generations, Spadarocalce1886, making use of
the experience handed down over the years, studies and produces specific materials for the
restoration, structural consolidation and rehabilitation of historical buildings, according to design,
historical traces and original local matters. Actually, all these features characterize the physical
quality of the strutres and the culture that accompanies it

For these aimparticular attention is paid to the environmental impact and problems related to climate
change and pollution. Moreover, from the assumption that a conservative intervention must be
sustainable, our efforts are involved in using raw materials largely gofmam the reuse of
demolition waste (antique tiles, solid bricks, removed plaster), thus designing formulations respecting
traditional techniques, to reach prestigious and sustainable results and simultaneously triggering the
virtuous way 6 circular economy.

Figure. The Church of San Giorgio in Castelmola (ME), before and after the conservative
intervention. The complete reuse of the original plasters constituents has been carried out to
reformulate the restored plasters.
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I Comando Carabinieri per la Tutela del Patrimonio Culturale

Tenente Colonnello Gianluigi Marmora

marmora.gianluigi@libero.it

In data03.05.1969 e stato istituito il Comando Carabinieri TPC che risponde funzionalmente al
Ministro della Cultura, assolvendo il ruolo di organo consultivo centrale.

E6 costituito da una struttura centrale e da 1
preventiva e repressiva di polizia giudiziaria.

In Sicilia, i reati piu gravi avvengono nel settore archeologico in cui operano organizzazioni criminali

costituite daombaroli ricettatori e destinatari finali dei reperti.
Uno strumento fondamentale per Banca Datitdei beanit - [

culturali illecitamente sottrati , gesti ta dal Comando Carabinier
I Comando Carabinieri TPC ha anche una proieziomet er na z i o n &bsehjblurdela i a nt
Culturao , nel | 6 aUmbedHedtaga e | TaskaFdrceper | 6i ntervento ir

emergenze, calamita o crisi, al fine di salvaguardare i siti archeologici, i luoghi della cultura e
contrastare il traffico internazionale di beni culturali.

/" (T
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Non-destructive and chemometric analysis

of the provenance of fossil amber resins
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The earliest evidence of human use of amber (individual pieces or ornaments) dates from
the Palaeolithic period and has only been discovered in a few archaeological sites. On the other hand,
amber routes from the north to the south of Europe, understqualaable directions of distribution

from amber collecting groups to users, started in the Late Neolithic and have evolved until modern
times. Consequently, a crucial objective of archaeometric research is the accurate identification
of the provenance dbssil amber, which involves determining its geographical and geological origin.
The advancement of natestructive and neimvasive analytical techniques, supported

by chemometrics, that are suitable for the provenance study of cultural heritage &gensframber

resins represents a significant challenge. The success of those investigations is influenced by the
selection of appropriate methods and the use of a reference spectra database.

The Cultur al Heritage Research Laboratory at
Poland, runs systematic studies in order to develop analytical procedure applied in studies of amber
provenance and systematically broadens spectral databasmbefr @and other fossil resins.

The database contains Raman, ATR, EPR [1] spectra andEZEMdata [2]. Each of the listed
techniques has advantages, and limitations and gives unique chemical information about samples,
which can be used for modelling purpesAmber origin classification based only on data delivered

by one technique is still challenging due to misclassification problems.

An analytical approach based on a variety of spectroscopic methods was employed to investigate
a number of raw amber and historical amber artefacts discovered in Poland. This approach allowed
for the identification of the provenance of a range of ambtafaats, including those from

the Paleolithic period, amber jewelry from the Iron Age [3] and medieval amber discoveries [4].
Recently chemometric methods have been successfully used to determine the geological origin
of amber originating from various dalities in Europe, America and Asia [5]. Since 2015,

the laboratory has been actively engaged in research projects focused on amber provenance within
the framework of the Polish Node of the European Research Infrastructure for Heritage Science.
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The Fiumicino Ships were discovered in the | a
Leonardo da Vinci International Airport. They are at least seven wooden boats dating from the 2nd
to the early 5th century AD. These boats are believed t® besn abandoned in a peripheral area of

the seaport of ancient Romeprtus Augusti Ostiensishe largest port of the Roman Empire [1].
Nevertheless, they are a very important testimony of the activities that took plac®ortthgzsuch

as those relad to the supply and storage of foodstuffs needed by the close city. The ships were built
using local timbers, the most abundant being oak, umbrella pine and cypress. The frames were
connected to the planking or the keel with iron nails (ship Fiumicioo Wjth olive wood pegs (ship

F. 4) [1]. The ships are now exposed in the Fiumicino Naval Museum, ptpidiseuring the
excavations to preserve the vessels and opened to the public in 1979. However, in order to adapt the
building to the current regulains, the museum was closed in 2002 and reopened to the public almost
twenty years after, in October 2021, totally renewed. Before the 1980s, the ships were treated with
resins, stains, and acrylic substancesanfg2)b.
operations were carried out, with an expected protective function that however had an uncertain effect
on the state of preservation of the material. It should also be noted that from 1979 until 2021 (the
museum reopening), the building did not hameadequate air conditioning system. During the most
recent restoration works, the museum management decided together with the restoration team to carry
out a diagnostic campaign to assess the state of preservation of the wooden elements. Investigations
revealed a high level of decay, so high that in many cases it was difficult to identify the wood species
anatomically. The analyses also showed that the level of absorption/penetration of old treatments was
minimal and that there was a certain degree ofitytaidl the wood, in many cases very pronounced.

The purpose of the restoration works was essentially to remove thadoressed substances in
order to free the wood s ulrAdeacidficaion treatmént wasvalso t t
carried out with excellent results. The cause of this highly acidic environment is still being
investigated and probably results from the combination of several factors, not least the treatment
products used in the past, but this event must be considateial, at least according to the
information available.
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Microstructural and compositional transformations in amphora fragments from various underwater
archaeological sites on the Apulian and Dalmat@asts were studied in order to investigate the post
depositional changes that occurred in ceramic materials buried on the seabed for centuries [1]. The
results of mineralogical analysis (XRPD) and SEMS microstructural characterisation performed

on someaepresentative samples are presented here. The outcomes suggested that, assuming a simila
primary clay composition and firing temperatures, the environmental conditions of the underwater
depositional context influence the precipitation and degree oftatligation of some post
depositional phases. The presence of lamellar structures of hydreiiaciphases was detected in
ceramic samples deposited at the greatest depths in both the Dalmatian and Apulian seabed. The
occurrence of magnesium aluminassiie hydrated phases {MS-H) [2], was found around the

pores or reaction edges in most of the examined samples as gels or in the form of a crystalline
structure. Framboids of pyrite microcrystals were often found in pores or in voids left by fossils. All
these phases are absent inlamd ceramic amphoras samples used for comparison. Gypsum and
magnesium calcite were spotted as jegiositional phases especially in Apulian samples. The
possible usefulness of cathodoluminescence imaging was also tediaghlight the chromatic
alteration layers found in several underwater sampiebably linked to theenrichment and/or
depletion of specific chemical elements.

SEMBSE image of hydrotalcite lamellar structure partially filling a pore.
References
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Museum herbaria, i.e. collections of dried plamégresent a unique historical record and a key
resource for modern research on climate change and biodiversity. However, many herbaria in the
world suffer ofmercury (Hg) contamination due to the past use of corrosive sublimate,jHgGl
pesticide for the conservation of plant samples. Elemental HY @l¢gassing from the samples and
residuals Hg compounds on them prevent the full accessibility and valorisation of these collections
and complicate their management. The Herbarium Centrale Italicum (HCI, University of Florence)
is one of the most ancienha largest herbaria in the world and its mass digitisation is currently
ongoing. In this framework, interméons for the reduction of contamination are being developed,
making it crucial to have a deep understanding of its extension and characteristics. This work aims to
characterize the composition, distribution and amount ofb&ked compounds in the herlaari
samples of the HCI and the influence of environmental factors in their emissions o6 kg
surroundings. Eight samples were studied: seven dated to theehfury and belonging to the
collections of renowned botanists of the time, and a recemgatatl one, used as a blank.

lon Beam Analysis provided information on the elements associated with Hg in the plants and paper
supports of the samples (PIXE) and on thdepth distribution of the Hg (RBS) .-bay radiography

was used in the attempt weintify and visualize the distribution of heavy metals. A stesdie flux
chamber, connected with a Lumex RA5M analyzer, was used to determine thé dimassing rate

(ng m? h't) from the samples; measurements were repeated at different (RH) canditigrighting

a strong influence of this parameter on the emissions, which are significantly lower at RH below c.
65%. The acquired information is crucial to increase our knowledge on Hg contamination in historic
herbaria and to make the HCI safely asdade for both scholars and the general public.
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This study combines geophysical and archaeological techniques to investigate the Annunziata Garden
in Cammarata, Sicily, a site of potential historical significance associated with -aldstrgyed
Benedictine monastery. Using tvdimensional and thredimensional Electrical Resistivity
Tomography (ERT) alongside Ground Penetrating Radar (GPR), the research identified anomalies in
the subsurface indicative of anthropogenic structures [1]. The 3D ERT model highlighted significant
anomalies. The GPR surveysopided complementary insights, identifying higgflectivity
alignments corresponding to the resistive zones detected by ERT. These anomalies, further
investigated through archaeological excavations, revealed the remnants of a defensive wall
constructedn multiple phases. Coins and artifacts found near the wall suggest it dates to the 12th
13th centuries, although its origins may be earlier [2]. The findings underline the importance of
integrating norAnvasive geophysical methods in heritage conservagimaling the identification of
subsurface features while preserving the integrity of the site.

(a)

o™ Z

= ERT 2D
GPR
e ERT3D

@ Archaeological
survey

Figure 1. (a) Site map of the Annunziata Garden illustrating 2D ERT profiles, GPR tracks, excavation
boundaries; (b) 3Erendered resistivity model; (c) aerial view of the investigated zone.
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The Addaura Caves in Palermo: new challenges for the study,
conservation, and public access
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The Addaura Caves are a complex of natural cavity or shelters located worttern slopes of

Monte Pellegrino, in the Gulf of Mondello (Palermo) [1]. Archaeological discoveries, made in the
late 19" century and again in 1946, include lithic artefacts and a faunal assemblage, evidence of the
human exploitation during the Late Pleistocene and the Early Holocene [2]. What sets these caves
apart is a unique collection of prehistoric rock engravings.Arieo Neropreserves two figures of

bovids engraved on the right wall. Th@&rotta delle Incisioniincludes 13 animals, 17
anthroponorphic figures and numerous marks on the back and left walls. A minimum age of 14,000
cal BP was proposed for at least one of the images in the engraved panel (the bovid figure) [3] and
applied to the entire fiscenethe SAMOTEIRACR/moOjecttov e s
update research, assess the conservation status, and provide media for public accessibility, since the
safety and environmental conditions of the caves do not allow visits. Laser scanning was used to
obtain accurate 3D measurensmf the inner and external spaces, while photogrammetry was
applied to capture the engravings details. Additional 3D models were collected on the casts made at
the time of the discovery (preserved atod he 0
site legibility. Alteration and degradation, caused by both atmospheric and biological agents (bacteria,
fungi, etc.) over the years, were also investigated through +s&npling and swabbing. Archival
research on the original documentation is ongoigsults will be integrated into a wider multi
layered system, where the 3D model will serve for study, monitoring and virtual access.
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The present study wil/l be focused on the arch
Bi kini, from Pompei. and belonging to the Arc
[1]. The artifact preservemyy i &hdr ie mngraet 9se roviid d
gildingtonphibeén wrapped around her breast, cro
A preliminary visual examination, foll owed by
and compl enoenmarve scientific techniques (XRF
I n parallel, a 3D reconstruction of the statu
visible (VIS), ultraviol et i nduced | uminesce
Il mages was achieved. The edlet ailloendy 3D trhe d chres tarb
visualize residual polychromy, provide a more
sculpture. This advancement not only i mproves
and ar teicsitaitci oanpporf these artifacts, revealing
previously hidden. The acquisition protocol o
detailed analysis but also fDhi snopemstupenew
for public engagement and educational pur pose

|

3D model of the statue mapped with textures generate
Acquisition taken from Bikini Venus, Il nv. 15279
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An unpublished painting has recently been pro
1653) thanks to the results of a complex and
canvas (110 cm I 83.5 cmdgstdepy 'cth elgon Manmy tMa
represent the same subject of t heFagmdaziianmge cMl
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of conservation to identify possible remakes
original |l ayer s. The Radiography revealed a |
reuse of the hsugphored) ,t han da bpselengt ci,em exniftoi wci hnagn gteh ec
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the peculiarities of the methods of construct

XRF and FORS analyses detected the use of pigil
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Within historical manuscripts, it is quite c¢
original drafting. I n some cases, these are e
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Apennines: Exploring Etruscan Settlements and Resource Use
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Numerous metal artifacts of uncertain classification have been discovered in Etruscan contexts. These
objects are made of copper alloys and are characterized by various shapes, variable weight, and the
absence of distinguishing marks on their surfacesghByend of the 19century, the ternaes rude
("raw bronze") was proposed to describe these items, found in different contexts (sanctuaries,
necropolises, inhabited areas; see Pellegrini et al. 2002 [1]), and several functions have been
propounded: prenonetary medium of exchange based on weightj-fieished trade goods (due to
their CuFe composition), or symbolic value in sanctuaries and graves.
Il n the context of the PRIN 2022 project AAPEN
processes along the Reno and the BiseBiwe valley districts duringthé'ini | | enni um BCO
focuses on Etruscan Apennine settlements, dated to™t4® 6entury BCE, and their production
systems, thirty copper alloy samples and eighpimducts (slags) were collected from Marzabotto
(twenty-two alloys, six slags) and Gonfienti (eight alloys, two possible slags) sites.
The samples were analyzed using a combination of XRF-EBB), XRD, and lead isotopic analysis
in order to:
Determine the production processes undertaken/employed in both sites.
Locate the area of origin of raw materials, possibly highlighting the exploitation of local
resources and/or links with productions from North Etrdtavalley (reconstructing so the
relationship between available local resources and the Apennine satilesi@ pr oduc
systems).
For comparative purposes, an additional set of ttimge Aera Rudiafrom Padua [2] was also
analyzed, along with several raw material samples from the Apennine region.
The preliminary results have revealed significant compositional differences among the various sets
of Cualloys analyzed, highlighting notable variability in the composition of these artifacts likely
related to the use of different raw material sourcesfi@oti samples exhibit higher Fe content, while
the Padua samples are richer in Pb. Marzabotto, otherwise, shows a broader compositional variability,
with some samples resembling those from Gonfienti and others more similar to those from Padua
(and nonnegligible Sn concentrations in approximately 50% of the samples).
Reinforcing and expanding the diagnostic campaigns conducted in previous decades [3], these results
will contribute to reassess the role of the alloys used and how these may impact production choices
in a macrescale perspective.
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Spectroscopic methods to disclose manipulations in Geoheritage
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Natural geological samples, whose presence eml
considered as part of cul tural heritage than
contribution to historivwvallytisymbofl i twmamkidnd .e
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Figure 1: (a) Picture of a modern speci men
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We would like to highlight here the importance of studying the construction techniques of ancient
metal artefacts for an increasingly detailed historical understanding of ancient manufactures, using
experimental archaeology as an investigation tool in synestly scientific investigations for a
detailed chemicgbhysical characterization of the materials under study. This is essential to develop
scientific protocols to follow during the reproduction experiments of the artefacts, but above all to
provide the rost accurate description possible of the transformation undergone by the materials
during their processing and which can be a discriminating element for the identification of the ancient
techniques of bronze casting and processing. In the study of thersléggn the Ripatransone hoard,

Dr. Fazzini dealt in 2015 with the technical problems related to the casting and creation of the
complex decorations that characterize these artifacts and proposed for their manufacture the use of a
particular lostwax tecmique with a bivalve matrix, which provides for the presence of geometric
decorations already on the wax model. To further investigate this study, a copy of one of the daggers
in the hoard was reproduced using this technique arayXluorescence spectiaapy (XRF) and

SEM analyses were performed on it to obtain a mapping of the composition of the metal alloy as a
function of the processing. Higlefinition microscopy investigations were also performed on both

the original and the reproduction specimens docareful morphological characterization of the
processing signs. Such data can be indicative both for an understanding of the transformations
undergone by the metal material and represent a useful tool for identifying the manufacturing
technique used foarchaeological findings of this type in antiquity. The intention is to provide
scientific data that allows us to compare archaeological studies on ancient artefacts with experimental
archaeology studies as a tool with great potential for a better wenutdirg} of the ancient techniques

of working with metallic materials and the composition of alloys used in the past. We hope that the
sharing and publication of this information will be progressively enriched over time to create a
database available for essch, the result of the synergy between classical archaeology and
experimental archaeology.
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The devel oprmpermntc eadfurfessmarati ms to create an i nt ¢
in analysingmaterialsand solving problemsrelatedto archaeologyand the conservationof

historical andartistic heritage. This study has polychrome surfaces as its focus; in fact, datasets of
Raman spectroscopimeasurementglasers at 532 nm and 785 nm), spectrophotometric
measurementsiolor analysis and Xay fluorescence (XRF) wereonstructed on 100 powder
pigments from ©Kremer Pigmentepymmonlyusedin artandhistoricalpainting.Dataacquisition
includeda preliminary study of the optimal parameters and experimental conditions for each
measurement. The main objective was to develop an automated process for analysing and matching
information for faster and more accuré@ndlingand interpretationof the collecteddata.For
Ramarspectroscopyifferentmethods and algorithms were explored for fluorescence background
subtractionnormalization and peak recognition for precise chenpbaiical characterization. In
spectrophotometry, the acquired spectral reflectance curves optimised by smoothing and
calculating the first derivative, thereby refining the data quality and reducisg e calculation

of colorimetric coordinates based on standardl real CIEilluminants allowed thevisual
characteristics ofhe pigments to baccurately representeBinally, the XRF analysisprovided
identification and a semiquantitativeestimateof the elemental composition of the materials.
Automation was achieved via Python scripts, which rapidly integrate comparecomplex
datasetstherebyoffering a comprehensive anstalablesolution for the analysis ohistorical
materials. The results present novel perspectives on the application of intelligent systems in the
diagnosis and conservation of cultural heritage.
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The decoration of the Royal Alcazar of Seville includes a large humber of Roman and Visigothic
pieces This process of reuse has gone unnoticed by current, compared to other aspects of great
importance, such agchitectural studies or the sequences of occupation of this important space.

The aim of this paper is to provide an overview of the process of reuse of materials from the Roman
and Late Antique world, a process that continues to the present day. In bibliographical overview and

In this study, however, we focus on the presence of marble material [marmora] from Antiquity used
in this complex. Antiquity is used in this palace complex, both with an ornamental and functional
function, as well as for their value as pieces made durimigjty.

We also want to show the possible actions for their enhancement or revaluation.

In short, the aim is to present in a synthetic way the most important pieces of spolia and to reflect
reasons for their reuse different spaces and periods.

———

Reused col umn shaf't in the nort hwest t O Wt
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The Nuragiccivilization, whichflourishedin Sardinia between the #&nd8™" centuries B.C., left

a significantlegacyin bronzemetallurgy, evidencede.g., by the creationof anthropomorphic
statuettes knowasbronzettj representingymbolicfiguressuchaswarriors,priests andofferers.

The stylistic similarities between these figurines and an anthropomorphic sample found at the
Etruscan site of Gra@arro, orLakeBolsena VT, Italy), confirmtheexistencef possiblecultural
andcommercial exchanges between Sardinia and Etruria during the Iron Age [1, 2]. The aim of the
research is therefore to make a comparative study between these types of artifacts, and to provide
further evidence of the contacts that occurred between theuttuoes.

The Nuragic figurines were analyzed using a combination ofdestructive techniques,-day
fluorescence (XRF) and Monte Carlo (MC) simulation, which allowed their structure and alloy
compositionto be characterized. Theame nonrdestructivemethodologywas applied to the
Bolsena statuette, on which, however, sampling was also performed to carry ouinnasroe
analyses, includin@canningelectronMicroscopycoupledwith EnergyDispersiveSpectroscopy
(SEM-EDS), ElectrorProbeMicroanalysis(EPMA), metallographyandLead IsotopeAnalyses

(LIA). Theresults obtaineffom isotopicanalysismadeit possibleto tracetheorigin of thecopper

usedin the statuette byomparingt with databasesn Mediterraneamepositd3-5]. This madeit
possibleo identify the miningdistrictof origin, confirmingSardinia'sole asanimportantcenterof
metallurgicalproduction and exchange and underscoring the trade links between thearstand
Etruria during the Iron Age.

References

[1] Matta V., and Vandkilde H. "The state of the debate: Nuragic metal trade in the Bronze Age and Early Iron Age." Open
Archaeology 9.1 (2023): 20220280. https://doi.org/10.1515/2pap20280

[2] Arancio,M. L., Moretti SgubiniA. M., andPellegriniE. "Corredifunerarifemminili di rangoa Vulci nellaprima etadel
ferro:il casadellaTombadeiBronzettisardi."Milano: Centrodi Studidi Preistoriae Archeologia(2010):169-213.

[3] Alpine ArcheocoppeProjecthttp://geo.geoscienze.unipd.it/aacp/welcome.html

[4] OXALID, Oxfordarchaeologicdkadisotopedatabasehttp://oxalid.arch.ox.ac.uk

[5] BRETTSCAIFE,httpsiiwww.brettscaife.net/lead/data/index.html

34


mailto:marta.porcaro@uniroma1.it
http://geo.geoscienze.unipd.it/aacp/welcome.html
http://oxalid.arch.ox.ac.uk/
http://www.brettscaife.net/lead/data/index.html

X1l Congresso Nazionale AlAr

FEN o f
o %

Mass Spectrometry Techniquesfor StreetArt Preservation: The
SuPerStAr Project

T.Nacci” 2 J.LaNas& I. Degang, S. Pizziment*°, F. Modugnd'

aDepartmenbf ChemistryandindustrialChemistryof the Universityof Pisa;? Departmenbf PharmacyUniversityof Pisa;
nacci95@hotmail.it

* Presentinguthor

Preserving urban art has become an emerging conservation concern, as contamjoaiam

has gainedignificantattentionfrom boththepublicandarthistorianshighlightingits uniquesocial

and cultural/alue.Theopenaccessibilityof murals,combinedwith theirexposureéo environmental

and human factors, makes theminerable to neglect, vandalism, and degradation. However,
strategies for their preservation and monitoring remain underdeveloped and challenging to define,
primarily due to the complex formulations of modern paints and the diverse degradation processes
they undergo, as well as the materials used in their conservation [1]. The durability and
effectiveness of protective coatings and -gnéffiti treatments for murals have not yet been
thoroughly assessed as well [2]. flms context,micro-analytical techniques based on mass
spectrometnplay apivotal role inidentifying materialcomposition, assessimmgnservatiomnisks,
andevaluatingthe performancef modern paints and protective coatings [3]. As part of the PRIN
2020 projectSUPERSTAR: SustainabRreservationStrategiedor StreetArt, paintmodelsand
protectivecoatings subjectetb artificial ageing were analyzed using evolved gas anatyass
spectrometry (EGAMS) and analyticgbyrolysisgaschromatographynassspectrometryPy-GC-

MS) to chemicallycharacterize their polymer content and additives. The latter was also coupled
with an innovative system for the-tine irradiation in the UWis range of micresamples through

fiber optics (LUVPy-GC-MS). EGA-MS allowedfor thedetectiorof alterationsn thermalprofiles

dueto aging,while on-line pUV- Py-GC-MS enabledthe identification of volatile compounds
releasedduring the degradatiorof paint materialsThis analyticalapproachwasalsoappliedto
assestheconservatiorstateof Keith Haring's mural "Tuttomondo” in Pisa.

iiSu PerStAr

EGA-MS £ Additives
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Relative Abunce

Spray paint mock-ups

(acrylic, alkidic, styrene-acrylic) | / A S

N

Volatiles T=60°C

Protective coatings OnlinepUV-Py-GCMs £ .l

(acrylic, siloxane/silane-hased)

Pyrolysismassspectrometrynvestigationof materialspaintmodelsand protectivecoatings.
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| Promessi Sposvas written by Alessandro Manzoni between 1821 and 1842, when the final version
called Quarantanawas published. During this twenfyyear period, Manzoni returned to the
manuscripts several times by adding, removing, and modifying part of the text (Figure 1). Moreover,
in the same years, he drafted other manuscripté(rea mment i d o6 u,bh 6 Ad BStobahd 6 a v
della Colonna InfameGli Inni Sacr) reusing, for a few sections, clippings coming from the papers

of the various draftsfd Promessi Sposi

This project is aimed at investigating and compare the composition of inks used by Manzoni in the
writing of the drafts of his most important works, supporting Manzoni scholars and experts to deepen
and resolve some outstanding doubts concerning the gvatinPromessi Sposind the other works,
whose original manuscripts are preserved at the Braidense Library in Milan. To these purposes,
portable XRay Fluorescence {§RF) spectroscopy [1] was performedsitu to obtain elemental
composition of the diffrent inks and papers. The obtained results were processed and further
investigated through an unsupervised exploratory multivariate procedure, namely Principal
Component Analysis (PCA) [2] to better understand the relationship between all the XRF sariable
and stand out the sample patterns according t
the PC components.

Figure 1. Images of the Introduction (a,b), and Chapter 7 (c) selected by Manzoni for the final version of | Promessi
Sposi.
References

[1] M. Albano, G. Fiocco, F. Volpi, C. Delledonne, B. Ardini, C. Mazoni, F. Rovelli, D. Comelli, M. Malagodi, Spectroctiote#®art B (2024),
215, 106929, doil0.1016/j.sab.2024.106929
[2] M. Bacci, S. Baronti, A. Casini, F. Lotti, M. Picollo,S. Porcinai, MRS Online Proceedings Library (1996) #82, 86i: 10.1557/PRO@62-39

37



X1l Congresso Nazionale AlAr

Spectroscopiamaging by micro XRF: a non-destructive methodology

to unravel ancient artifact technologyand raw materials circulation
P.Di Leo (**9, G. Lubraco(), L. Medici (8, B. Gargiulo(?), M.C. Di Marsico(°), F. Sogliani()

(@)CNR-IMAA, Istitutodi Metodologieperl 6 A n Anmbiensale,ConsiglioNazionaledelleRicercheTitoScalo(PZ),85050,Italy
(b)DIUSS SSBA, Dipartimentoperl'InnovazioneUmanistica Scientificae Sociale- Schoolof Specializatiorin

Archaeological Heritage, Universita della Basilicata

(c) DIRIUM,Departmenif HumanisticResearclkandInnovation, Universityof Barié A | Mloor &ady;,

* Presentingauthor

paola.dileo@cnr.jpaocla.dileo@unibas.it

In the presenpaperareshowedheresultsof spectroscopianagingby micro-X-ray fluorescence
( €XRF) relative to artefacts (ceramic and tiles) from emblematic archaeological contexts in
Basilicata region (southern ltaly) as innovative, effective anddestructive diagnostic solutions
to answer questions on technology and provenakicemplete information is in fact necessary
to understand technological kndww, production areas and commercial relationships (i.e.
export/import). The methodology haseen implemented aa pilot project in the newly
implemented LADA (Laboratory of Diagnostic for Archaeometry)facilities of the IRPAC
Infrastructureandfundedby thePRIN project MyFORTLANDanNd takes advantage of the remarkable
v er s at i-dRF tsywelloak its eability to acquire data without destroying the sample, an
extremely importanaspect in the study of cultural heritagae methodologyis implementedy
acquiring many ElementalDistribution Maps (EDMs) for planar and cross sectionceramic
fragmentsand tiles using the e-XRF M4 Tornado(from Bruker) and integratespectroscopic
imaging with spot/area analysis and deep profiling. EDMs are thus calibrated by integrating them
with microRa ma n s p e cRamanaodMaydiffraction (PDXRDande-XRD) data.The
information derived from the use of the implementednon-destructive methodology on many
artefacts allow to characterize artifact coatings and decorations in details so that they can be used
as Afossil guidedo for technology and raw mat e

A T 7S ST B =N B

Elemental
Distribution
Maps (EDMs)
from medieval
pottery (4 and
B) and tile (D)
and  archaic
matt-painted
pottery (C)
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In the field of cultural heritage preservation, it is essential to adoptestnuctive techniques to
analyze the materials composing historical artifacts. This approach ensures the integrity of these
valuable objects while allowing researchers to gather critical scientific information. The purpose of
this paper is to validate 3D Fluorescence Mapping as an effectivanvesive technique for
assessing the condition and stability of pigments in artsvarkl other cultural heritage objects.

The 3D Fluorescence Mapping technique works by exciting the material with varying wavelengths,
causing the pigments to emit light at characteristic wavelengths specific to their chemical
composition. By analyzing this emission, scientists can gain ingigbtthe material's current state

and detect any chemical alterations that may have occurred over time. This technique is particularly
advantageous for identifying subtle changes due to environmental factors such as light exposure,
humidity, and temperate fluctuations.[1][2][3][4] 3D Fluorescence Mapping can reveal degradation
processes like oxidation, fading, and molecular rearrangements, which are often invisible to the naked
eye and challenging to detect with more invasive methods.[5]

Validating 3D Fluorescence Mapping as a{u@structive diagnostic technique addresses the need
to replace more traditional methods, such asyXdiffraction (XRD) and Fourietransform infrared
spectroscopy (FTIR).[3] Although effective, these methotsnafequire sampling or are limited in

their penetration depth or sensitivity to specific chemical changes. In contrast, 3D Fluorescence
Mapping can be applied directly to the surface of an artifact without causing damage or requiring any
material extractn.[5] This makes it ideal for the ongoing monitoring of fragile and valuable
artworks, as repeated measurements over ti me

This study specifically explores the application of 3D Fluorescence Mapping on a selection of
historically significant pigments and organic dyes. These pigments, known for their vulnerability to
degradation under environmental stressors, are ideal cagglidatesting the technique's sensitivity

and accuracy. The pigments were artificially aged under controlled conditions to replicate common
degradation processes such as plooddation and thermal degradation. The luminescence signals
from the aged samgd were then analyzed and compared with those from unaltered control samples.

In conclusion, this study validates 3D Fluorescence Mapping as a powerfdeatactive tool for
examining pigment degradation in cultural heritage objects. Its sensitivity to chemical changes,
combined with its ability to provide reime data withoutdamaging the object, makes it an
invaluable addition to the techniques available to conservation scientists. With further refinement,
3D Fluorescence Mapping has the potential to become a standard method for monitoring pigment
stability and ensuring therng-term preservation of cultural heritage artifacts.
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Silk has always been considered onéhefmost precious yarn, due also to the rich hues which were
obtained after dyeing. In particular, Asian textiles show one of the widest ranges of colours, which
were traditionally obtained from a lot of different plants extracts [1]. Different mordamésused

to obtain different hues from the same dye too. The present work studies how the various combination
of dyes and mordants influence the degradation rate of dyed silk textiles. While the arwidaat!
damage is commonly recognized [2], it seenas Home dyes can accelerate or slow down the rate of
the lightinduced degradation, but there is no specific research on this issue. Light damage is not only
limited to fading: overexposure can also cause weakening, discoloration, yellowing and
embrittlemet of the fibre [3].

Raw silk was obtained and underwent a controlled degumming process to eliminate sericin. 4
replicated samples of silk were dyed using traditional recipes and different dyeing bath, to assess the
reproducibility of the dyeing conditions. 9 traditional dgegracted from Asiatic plants were tested

with 4 commonly used mordants (alum, potassium tartrate, iron sulphate and tannic acid). Indigo and
safflower were also tested as direct dyes. Two sets of dyed silkupsokere artificially aged using

either UVAor visible light to reproduce and compare the liglttuced damage obtained with UVA
respect to visible light. A similar set of meak samples of raw silk was aged under the same
conditions.

UV-Vis reflectance spectroscopy was used to evaluate the colour variations during the accelerated
ageing test. A protocol based on attenuated total reflectance and external reflectiortfamsfienm

infrared spectroscopy [4], -¥ay diffraction [5], andthermal gravimetric analysis [6] was used to
monitor the degradation extent. Data were manipulated by means of peak fitting analysis and
chemometric tools. The crystallinity index was calculated from bethyXdiffraction, and thermal
gravimetric analysisshowing a loss of crystallinity as degradation took place. FTIR spectroscopy
permitted to study the ageing mechanism.

The results of this research are valuable in order to evaluate thantigiced damage on silk textiles.
Some combination mordant/dye are particularly dangerous for the conservation of silk textiles. Thus,
the information about the mordant and the dyectvican be obtained through commonly available
and portable analytical techniques, can help evaluating the risk associated to the exhibition of
particular kind of artifacts and planning the best preventive conservation practices.
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The denomination aihodeling claysefers to a class of nedrying materials invented at the end of
nineteenth century as an alternative to natural clay or beeswax for sculpture. They group materials of
varying composition, including clay or not, evolving over time and across geographéze.
Plasticine, plastilin, plastilina were all products commercialized in that period, in which formulation
was tailored to achieve physical and mechanical properties for their intended applications. Their
malleability and versatility allowed artists éaplore new forms and techniques, using them for both
preliminary models and final artworks as attested by the sculpture of Edgar Degas and Auguste Rodin.
The composition of a modeling clay generally shows primary components-based clay or
syntheticpolymers, inorganic fillers, plasticizers, siccative or mineral oil or waxy binders, pigments
and additives such as sulfur and preservatives. Given the variety of commercial compositions on the
market, the scares information available and the very fesiesticarried out, the analysis of these
complex matrices of organic and inorganic constituents is challenging and requires finetuned multi
analytical approaches.

For this study different modeling clays were selected including plasticine from three manufacturers,
DAS®, FIMO® and natural clay. To allow a complete chemical characterization of the heterogeneous
and polymeric matrix a combined approach of spectroscopic and separative techniques was carried
out. Thus, spectroscopy in the Middle (A“FR-IR) and Near Infrared (FNIR), Scanning Electron
Microscope with Energy Dispersive-pay Analysis (SEMEDX) and XRay Fluorescence (XRF)

were mainly employed for gettingformation on the inorganic constituents while Pyrolysis coupled

by Gas Chromatography and Mass SpectrometnGE¥MS) and GEMS were applied for assessing

the precise composition of organic fraction. Different-BS extraction procedures were tested and
compared to provide a qualitative and quantitative determination of the lipid components. Moreover,
also the volatile molecules of these smelly materials were investigated by means of head space solid
phase micro extraction (HSPME}GC-MS. In the end, dferences in the thermal properties were
revealed amongst the materials thanks to the use of Evolved Gas Analysis coupled with Mass
Spectrometry (EGA/MS) which was also determinant in tuning customiz&dPyS experiments.
Mechanical properties were alseatiated. The data collected provide a thorough description of the
selected materials, filling the gap of knowledge on their precise composition and paving the basis of
a small database. As a prof of concept of the potentialities of the developed apjmaasamples
were taken and analyzed from a plasticine magq
(2004) providing an efficient characterization and identification of the constituting materials and
conservation state of this object of Public.Art
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Maiolica (i.e. tinglazed ceramic artifacts) hosted in museum collections represent a key resource for
the study of production techniques and materials and their evolution over the centuries. These objects
can be accurately and safely investigated by Msdnd neainfrared (VisNIR) hyperspectral
spectroscopy (HSI), as it allows to perform the analysis directly in situ, thanks to the use of portable
instrumentation, investigating large areas and a high number of objects with rapid timesNIRVis

HSI is well-established for the study of colouring materials in paintings, but only a few studies have
been conducted on coloured ceramic glazes [1, 2, 3]. Therefore, a specific database on this type of
material is currently missing. In this study, the pigrsesntd colourants used in the decorations of

fifty sherds of maiolica were analysed through-MilR HSI. These artifacts, dated between the late

14th century and the 18th century, were produced in the important Italian ceramic center of
Montelupo FiorentindFlorence, Italy). The aim was to gain a deeper understanding of the colour
palette used in this specific manufacture and to contribute to the creation of a reference dataset on the
colours used in thglazed ceramics prior to the industrial revolutiom.plarticular, two different
imaging devices with different spatial and spectral resolution were employed: tNdR/isnager

and the ultraportable Specim 1Q pustoom hyperspectral cameiighe devices provided compatible
results, allowing to identify the main chromophore elements responsible for the colours: cobalt for
blue, copper for green and turquoise, mangairesefor purplebrown, iron for red, antimony and

iron for yellow and orangg MA-XRF, SEMEDS, PIXEPIGE and micreRaman analysesnducted

on the same set of samples [4] validated the HSI results by confirming the colour compbiséion.
results achieved for the decoration of Montelupo maiolica allowed the construction of a reference
dataset that will be useftor future studies on this type of artifacts.
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Recent studies of the emergence offigdre pottery in Sicily in the late fifth century BC reveal a
fragmented yet dynamiartisanal landscape, with workshops catering for differentregional
markets and exhibiting notable mobility. Fragmentseof figure pottery found at some of the most
relevant archaeological sites in SicilpamelyHimera, Lipari, and Syracuséhave been examined

by optical and electron microscopy (SHADS), powder Xray diffraction (PXRD) and atomic
spectroscopy (ICES and LAICP-MS) to better define the technological affinities and differences
between various South Italian figurative productiohisalyses were performed on both the ceramic
body and black gloss. The results allow us to distinguish between imported Greek and locally
produced vases. Through compositional differences and other aspects related to the production
technology belonging to group of vessels coming from the same archaeological site, it is also
possible to confirm the existence of multiple production centres in Sicily, provalibgtter
characterization and identification of certain local productions and their technolagicatlpres.
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Scores and loadings diagram for the first three principal components related to the ceramic body of Lipari (green),
Syracuse (blue), Himera (red) red figure pottery. The accounted variance is 83% of the total variance.
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The analysis of paintings can be very complex as they are composed of a great number of materials.
To create their piece, the artists mix and juxtapose different pigments (organic and inorganic) which
are blended with a binder and covered with varnishnThige good or bad conservation of the
paintings will affect the aging of the materials and their photochemical alteraiidh hen
studying these artifacts, the lack of reference materials and the need to understand how the mixing of
different materiad affects the aging process require (I) the analysis of samples taken from the
painting, or (I) the preparation of mockp samples, and the correlation of the data collected on these
samples with those collected on the artistic artifact. However, if moyinvasive analysis can be
applied, only the second method can be followed.

The study here we propose has started with the analysis of the famous aiQtinga r t bythet at o
Italian painter Giovanni Pellizza da Volpedo, at the beginning of the XX century. We focused on the
characterization of the yellow and red pigments used by the artist (and by many contemporary artists,
such as van Gogh, Mu n.dnbdeed, Gti& B[S § is a fansilyal pighentsa s s o
highly appreciated by artists of the late XIX and early XX centuries thanks to their vibrant hues and
excellent covering power.

In this work, we will show the results of the characterization of a full set of Sd&pigments with
the application of different nedestructive spectroscopic techniques i.e. combined macro XRF
Reflectance Spectroscopy (RS), punciXiRlF, XRD, XAS on the S, Cd (K an&sland Seedges.
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The study of food practices in historical communities provides a tprgetity of information about

the social, cultural, political, religious, technological, and environmental aspects of a specific site
within a given timeframe

In this paper we present the results of a multidisciplinary research, in which, using different
innovative methodology of isotopic mass spect
community of Pompei is analyzed.

In detail we present stable C and N isotope results from faunal and botanical remains from Pompeii,
with the aim to provide new direct evidence for the local production or importation of food sources,
reflecting on the management strategies of crops anthémadopted by the Romans in a time and
location of rapid economic growth.

In addition to measuring isotopic baseline and ratios in human individuals we present high resolution
methodologies employed at iCONa Laboratafythe MAReA Centre University of Campania,

such as sequential analysis of primary dentin and measure carbon and nitrogen isotopic ratios in
amino acids (CSIAAA). This methodologies provides insights into the health status during the early
years of life including the effects of breastfeeding, and allows us to hypothesize about an individual's
dietary sources and health, focusing on the relationships between adaptation to available resources
and socieeconomic choices. When integrated with anthropoldgind paleopathological analyses,

it offers a comprehensive osteobiography, detailing the individual's life from infancy to death.

A final goal of this work is to initiate a dissemination activity that permits to add a new experience

to view Pompei cultural heritage based on scientific methodologies

2 https://www.iconalab.it/ www.mareacentre.org
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The analytical and spectroscopic discriminat:.
times is a task object of a wide interest [
di fficult, when the goalc wsfed hoen pmaorvbelneasn cceo naisi
guarries |l ocated in a close geographic area.
The results of a systematic Electron Paramaghn
combination with data of isotope geochemistry
di scriminate, firstly, tlees pmowe nS5ancrearorfi ed7 (

G°l emezl i-GHkebape) i $hiounta and Deni z-wektkoaa

Anatolia, Turkey) that in Hellenistic and
city of Hi ehapaglias (dur key) . The results of

t hrough robust compositional statistical tech
of the proposed approach [ 1].

With the same approach, 65 mar bl e sampl es,
Necropolises, North Agor a, Sanctuary of Apol |
investigated. The results,d dtilwasi npopmrsa drl es s
provenance of the archaeol ogical materials

in the Denizli Basi n, i mproving the accuracy
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This study presents the preliminary results
significant Roman thermal site in Catania, as
The Terme della Rotonda,s'2b%ceht uraise sRoAma,n Ibaatt &
Byzantine church of "Santa Maria della Rotond
nobl e church before being hidden by wurban e
reopened the siterahiamdilgihst omgi ¢als <iugni fi ca
I n this study, Single Grain-OGpt)i ¢ &Ilclhywi Ftuiemuwlaas
mortars with a focus on addressing the challl e
to uneven heating in areaeaxdpmgednt d hkeo ts aani
whet her from heated zones or cool er areas, it
of use or their initial construction [ 3].
The-OS5G& measurements were con@@Wctreddesi,ngeqail
bial kali photomul tipli er340ubfei |(tEeMl f9a2r3 5phBo)t cam
bi rradiations wé®f€Ycsamourn ea, oaurnd wda th3 2z -gmai ms e
stimulation at 125AC. These measurements enal
determine the archaeol ogi cal dose, the | umin
20@5dm and extracted from mort agrrsa,i nwe reec hmd agque
protocol walse aalpil g eat st ot ot obtain the Equi val
identific#é®dHtlieachetl webailns, reset to zero dur |
through statistical analysis of equivalasnt d
the Central Age Model (CAM) , Mi reixmemnAade cMndca
criterien.(IEU) [4

Preliminary results from this research -wil |l
OSL technigues in addressing dating chall enge
compl ex historical sites.
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Lapis lazuli is a serprecious blue stone, used since the VII millennium BCE for the manufacturing

of small carved artifacts (such as jewels, decorative and votive objects) in the Ancient Middle East
and in part of Central and Southern Asia (current Terkistan, Afghanistan, and Pakistan). This
work presents an upgrade to the methodology adopted to investigate the provenance of the raw lapis
lazuli material developed by the University of Torino in the past years [1,2]. Samples from
archaeological excavat contexts frequently display superficial degradation processes affecting the
crystals of the mineral phases useful for provenance attribution (especially pyrite). To address this
issue, an innovative workflow has been developed, centred on the applioatikray micre
comput ed t oCGipand migrdelganing greatments with a pulsed laser source prior to
investigation with lon Beam Analysis (IBA) [3]. Highe s o | «CT is employed to evaluate the
alteration state of pyrite crystals within theiemvolume of the lapis lazuli rock, and, if required, to
identify the most suitable crystals on the surface for subsequent laser treatment. Treeanng
procedure aims to create a small breach in the superficial altered layer (the irradiatatear68sx

6 5 2§ tmereby exposing the preserved crystal beneath and allowing for the analysis of its trace
element contents with IBA. The methodology of the workflow is presented, together with its first
application to archaeological lapis lazuli materiaree precious beads from the ancient Royal
Cemetery of Ur (Mesopotamia,“3millennium BCE). The results are complemented by the
application of a provenance protocol already validated that proved, for the first time using-a micro
invasive analytical approach, a match between the Afghan quarry district and the raw material used
to carve these beads. Data obtained in this study will be useful to develop new protocols in the
framework of COMAR project.
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Pigments played a vital technological role by enabling the development of advanced artistic
techniques, preserving cultural heritage through durable materials like frescoes and facilitating
innovations in early chemistry, such as the creation of syntt@tbaring compounds.

This contribution presents pigments from some exceptional Pompeian contexts spanning the 3rd
century BCE to the 79 CE eruption covering al
preserved in their original pots that, in the last decades, hiaaeted the interest of researchers, who
performed studies mainly aimed at identifying the main colouring compoS8odse of them were
unearthed during the more recent excavations performed at the archaeological site of Pompeii,
representing an absolutevelty.

Their composition has been revealed thanks to aimasive analytical approach designed to
preserve these invaluable archaeological resources, illuminating that the artists skillfully mixed the
colouring materials to achieve the desired hues. Digitatasoopy, coupled with spectroscopic
techniques (Fiber Optics Reflectance Spectroscopy in the visible portpdhle XRay Fluorescence
spectroscopy, Fourier Transform Infrared Spectroscopy in Attenuated Total Reflectance, Raman
spectroscopy), revealed thtne ancient palette wawade of natural and synthetic pigments of
inorganic and organic nature.

Quantifying any individual colouring compound enabled a review of recipes as reported by ancient
sources and modern scientific literature and opened new scenarios in the artistic process that likely
started in th@igmentariumMoreover, advances were made to digitally replicate and reconstruct the
original colours of Pompeian frescoes, taking advantage of colourimetric data and percentages of
individual colouring compounds.

In the analysis of the mixtures, the role of Egyptian blue and red lead in the variation of shades, which
are almost ubiquitous as additional components in paint mixtures, is worth noting, unveiling a
Acutting edgeo technol ogydsin the mixing of pi
Only in one case were we forced to collect a mgample for a deeper investigation, which led us

to discover a new pigment mixturen®of the samples, in fact, uncovered the earliest known use of

a light green compound containing baryte and alunite, providing the first definitive evidence of
barium sulfate being utilised in the Mediterranean during ancient tpresgpusly known only from

the 18th century.
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Hydrogels are promising means to effectively combine moistening characteristics with adsorption of
various types of dirt on delicate wooden surfaces, both in form of inorganic or organic particulates as
well as in form of grease, soil, sweat, etc. Whernirigasuch hydrogels on polymers derived from
lignocellulosic biomass waste, both material compatibility and environmentally friendly disposal are
guaranteed.

Konjac glucomannark(GM ) is a longchain polysaccharide recognized for its biodegradability and
nontoxic nature. Its high water absorption and retention capacity make it an ideal candidate for the
development of such innovative hydrogel systems for cleaning of delicate waoties.[1]

This study focuses on optimizitGM -based hydrogels crosslinked using borax, generatsitiu

from the reaction of boric acid and sodium hydroxide (NaOH). The resulting hydrogels exhibited
uniform crosslinking, with modifications to their microstructure, which enhanced water retention
capacity, tensile strength and extensibility, with respe&Gd/ -based hydrogels crosslinked with
regular borax.[1] Further improvement of the hydrogel matrix was achieved by incorporating tannins,
which sustainably provided additional strength to the crosslinking system. Two types of tannins were
assessed: condensadiins fromVitis vinifera(Vv) and hydrolysable tannic aci@iA) derived from

oak.[2] Tannins were integrated either via physical bonding or through the use of epichlorohydrin
(ECH) to covalently link tanninsKGM, and borax. Hydrogels with physically ed tannins
exhibited increased hydrophilicity, enhanced mechanical strength, and reduced deformability.
Tanninfunctionalized hydrogels further demonstrated improved solvent release control, tensile
strength, and hardness.

Among the systems developed, the most effective formulation to be promisingly applied for cleaning
purposes was thEGM -based hydrogel crosslinked with-situ borax and reinforced witiTA
functionalized viaeECH. This hydrogel showed overall convincing cleaning performances while
being also from a materials perspective the intereting candidate.

The use of hydrogels generated on the basis of lignocellulosic polymers is thus a promising way to
foster sustainability also in the area of cleaning means for delicate wooden surfaces.
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The removal of varnish layers in art conservation is a highly complex and challenging process. Any
new solution proposed for the removal of these organic coatings must ensure the absence of any
residual of the potential for progressive and controlled olgearction. Recently, pickering emulsions

(Pes) have emerged as a safer alternative to conventional surfaagadtemulsions in many fields,

also in art conservation, offering controlled and effective cleaning of artwoef{s The nanometric
version of cellulose, the most abundant biopolymer on Earth, has been identified as effective
stabilizers for oHin-water (o/w) PEs [3]. This study explores the use of cellulose nanocristals (CNCs)
in stabilizing PEs for the removal of aged natural resin varnfsbescanvas paintings. Sustainable
solvents like ethyl acetate were incorporated as environmentally friendly alternatives to traditional
petroleumbased solvents in the o/w PEs. The research examined the effects of CNCs concentration
and oitto-water rati@ on the formation, stability, size, and viscosity of PEs. Rheological studies, zeta
potential analysis, and dynamic light scattering measurements complemented these investigations.
The effectiveness of the most promising formulations was evaluated oascpaintings, using
optical observations and colorimetric analysis to monitor the removal process. The results highlight
the efficacy of CNCs as stabilizers in forming ethyl aceta@ised o/w PEs. CNCs concentration
significantly influenced particle behiav at the o/w interface, affecting the hydrodynamic radius of
nanoparticles and PE stability. The stable formulations effectively removed aged varnish layers, with
ethyl acetate proving particularly suitable within the PE system when optimizesvedte phase

ratios were used. These promising results provide the foundation for developing tailored PE solutions
for various varnish types and painting supports. This approach offers a versatile and environmentally
conscious approach for art conservation.
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The conservation of cultural heritage objects is typically based on the use of protective materials that
can hinder degradation processes. Diffesdrategies can be used to protect unique and valuable
objects. Among them, the application of new active protective coatings has received increasing
attention [12].

Recently, in the framework of the European GREENART project, our activities have been mainly
addressed to the design and development of new effective and safe solutions based on sustainable
materials and methods for the letegm conservation of metal afdets (e.g. copper and silver
alloys). To this purpose, biopolymers obtained from renewable natural sources or from the recycling
of waste products (e.qg. fish industry waste, cellulosic materials) are used. Their protective properties
are optimized by addg specific fillers and additives to prolong their effectiveness over time. Our
research efforts have been addressed to materials that can providastorg protection, while
preserving the aesthetic features of artworks. This activity, aimed at tteetpo of modern and
archeological objects, is carried out in strict collaboration with conservators from museums and from
the Italian Ministry of Culture.

Moreover, representative mocips were selected and prepared to reproduce modern polished
surfaces and the most common naturally grown and artistic patinas to be used for the laboratory
validation of the new protective materials.
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From fish waste to highly transparent solutions and coatings
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A growing body of research stresses the role that cultural heritage plays in promoting disaster risk
reduction, highlighting thenecessity of developing a heritageven resilience [56]. Studies on
disasters and cultural heritage frequently concentrate on how vulnerable heritage is to disasters and
how to protect it from environmental, social, and geophysical thresds ffoweve, heritage may

also help communities become more resilient by, for instance, diversifying sources of income,
fostering social bonds, and incorporating local knowledge of prior disasters. Heritage can be viewed
as a more dynamic phenomena that may be aseduseful resource by communities to deal with
shocks, strains, and other disruption<.(y.

RESTART and SIRIUS projects are promoting citizen awareness actions to support, on a local scale,
a strategic and sustainable vision of participatory conservation and safeguarding, encouraging an
active role of citizens in heritage protection processeslPl1 The contribution will present two
initiatives organized on the European Researchers' Night 2024 in collaboratida Wih Rischio

the public communication campaign of the Civil Protection Department which aims to increase
awareness of territofiaisks, promoting responsible actions to prevent them or reduce their effects
[13]. The Guardians of Monumentsledicated to children, stimulated, through interactive play, a
reflection on the culture of prevention, reasoning together on conscious behaviours to adopt to protect
ourselves and our heritage in emergency situations. For adultdrlihe trekking of monuments at

risk led to the discovery of the natural and anthropic risks that affect the territory of Ravenna, relating
them to the most repredative cultural places of the city. Last, the contribution will discuss the
outcome of a cycle of scientific aperitBetween Past and Present: images and dialogues on cultural
heritage which actively involved the Ravenna residents through participation in a dedicated
photographic contest.

Each initiative will be considered also as a generator of social impact, since every activity examined
how risk factors and historicaltistic environment interact, emphasising the need of preserving
heritage as a means of fostering social solidarityededating local identity. Strengthening citizen
involvement through efforts that promote knowledge of the Regional Agenda 2030 Strategy in their
respective spheres of life is one way to observe the primary impacts on the territory and citizenship
[14].
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Photographic documentation of t hreayb evfioerne oafn dC
face and plastic and pictori al reconstru
This project has been configured not only as
to enhance an i mportant exampl e of sacred ar
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environments? Case studies in historical collections at the University
of Palermo
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I n a context where adherence to exdmtgiiala,l tph
new physical technol ogies for dry cleaning in
t he real m of surface cleaning and di si nf e
bi odeteriorationcausingnmi cudert ganies msntwlyirli & y
toxicological i mpact are particularly valued
mi crobi al decontamination has garnered attent
the medi ¢t dle ftiomlseértwvati on of heritage materi al
field is stildl l'i mi ted, initial results are |
scant insight into the secngdaoy enfegectbeial T
within the paper matrixitslfbu al so the p
paperbased artifacts [ 3]. Il n this context, t
pl a®dmgra ficall yoxay gem edmaanxdywtinfee i nks and pi gmen
paper t o thoroughly assess whet her mi cr obi ¢
compromising the integrity and propemotecikps of
consisting of pigments of known composition a
as wellteasul9 journabasebosctidbbtuasmd emapmercont ai
inks andd pagyemebésen initially subjected to an
techniques, including -hRpespsp&mrd s@ptpiygnalg i migc 1
been employed both prior to and following pla
into optimizing plasma treat ment for effecti
application owhitlhei sprteescehrnvoilnoggyt he materi al ity

i mprinted on paper.
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L. Guidérbzs. (EonBavémMo Mor aMdoTi(c &t dR8G TSor rPeey r(abes e

Ber tpAlieqsanmrdh o ARe L@)°Gi 8df)GeiD¢n ,E((IM.a H. Failla (
® Dipartimento di Fisac®j eUnoveisria di Torino, ltaly o
(BNFN Sezion¥i adiPTerifaeaoGiuria 1, Torino, ltaly

(dD)j parti mento di Scienze dell a Viit\i al eBiPoileorgifan ddrecia Mastttei noil,i
(D) parti mento di StudiiV3taorSi.ciOt tlanviiwe r2s0i,t “"Todii noar ilnteal y * Pr e

l aura. guidorzi @unito. it

Il n recent years, society has increasingly rec
a proactive approach aimed at mi tigatHreg mri s
preservation. Unli ke remedtalf ociuseassibwe ameana £u
mi ni mize deterioration before it occur s, pr e
monuments and collections. This multidiscipld:@
and managemenbnomkent al, dindluecgidcdlacdmd shuarmarat
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mechani sms of heritage materials induced by
definition of monitoring stramegi doramcerprt age

of deterioration. The studies carried out W i
comprehensive of sever al types of monitoring
activity), fremewésitbrtbei pariames wi | | be ext
environments are taken into account, where te
being evaluated. I n the King Apartmentdy,n Pe
involving the measurement of the main quanti't
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state of disuse winds ptaov ef dlhleo waiyn ftolre geaiv eretl i
exhibition purposes. A different situation is
(vil1,4,48), wher)ec otl oeni lziatt h @mi oomt itche( rwalilc sur
agents is evampaated ¢hespPphotosynthetic activi
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Starch grains entrapped inside pores and fractures of ground stone tools are very important
bioarchives able to provide information about the environment, technical development, and diet of
populations in the Late Pleistocene [1]. The SMarT4BioArCH ptofgcs mai n aim i s t
innovative method based on the use of smart reversible adsorbent systems to recover and extract
archaeological starch grains from stone tools. In this framework, two systems made of polyvinyl
alcohol crosslinked with borax (PA¢borax) [2] and a polyacrylic acid and¥éons coordination
complex (PAA*Fe) [3], were selected as promising candidates because of their rheological properties
as well as for their pHand photereversibility, respectively. Their chemiephysical characterization

was performed via Fourier Traosi Infrared Spectroscopy (FTIR), Thermogravimetric analysis
(TGA), and Rheology. In addition, the effect of the interaction between the starch and these systems
was evaluated in terms of preferential adhesitar¢b extraction yield from stone mockups) and
eventual alteration in the chemical composition (FTIR, TGA) and morphological structure (optical
microscopy) of the sampled starch.

Scheme of starch extraction fronstane mockup with a smart reversible adsorbent system.
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Ancient paintings represent a significant sl it
and in collecting. Often even paintings of <cu
introduced in the astioqueusn| mavfkidt piorssessdioni
intercepted by the police, it iIis necessary to
their protection and to proceed with the retu
The 't echsncoileongtiicfailc i nvestigations represent a
ascertaining their authenticity and to obtali
provenance. Mor eover, togeahdr dwctumenhar nuamrao
the diagnostics contribute to formulating a s
setting.
Il n this work, different I talian paintings on v
peri od, were investigated after their seizur e
Cul tur al Heritage (Opernatlatnial Peipaalt mgnot o Rolme
notestructive imaging technigues were perform

and to evaluate the diffemeanmntcethatvesi al e &hdo
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Raman SpectRSo)s cwoeprye (p&@r formed in selected ar e:
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The obtained results allowed us to identify a
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X-ray i maging techniques find wide applicatio
possibildinvasi vel woprovide information about

[ 1] . Specifically, with tha&reaifdorof Camputcead e
becomes feasible to reconstruct 3D volumes th
into various positions for a direct inspecti ol
i s t heudsesda wvnecrti magi ng technique that gives sig
of i nternal structur e, construction technigq
modi fications or Thkhetohaliengenokerwvkeinsi warsk | i
as a starting point for creating replicas of

structur e, it Iis possible to obtain afheamamiceers
musi cal i nstruments. The primary goal of t hi
instrument and its peculiar sound, often over
the use of wind instromeonfsainvahdesatheai hht
a modification of moisture content and, conse
that can be particularly danger ous Ttho otulgeh g rhe
wor k, it is firstly possible to investigate t
wooden i nstruments, it Iis possible to deter mi
i's possible tsenkiegh#fi dhtatch merepearl|l y stages, b
surface. I n both cases, it is also possible 1t
gaplshhe final aim is to conduct CT with-raegfer
absorption capability, obtaining cruci al dat a
proves invaluable for 3D prinhhengpportureiat g ¢

instruments, avoiding shandi pkestrdamggt hgith
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This study presents the first diagnostic campaign performed on a selection of Papal Bulls belonging
to the Archive of the Santuario della Be¥ftargine di Saronno (Varese, Italy). The Sanctuary was
founded in 1498, and its archive was recognized for its considerable historical interest by the
ASoprintendenza Archivistica e Bibliografica
30,000 deuments, including 385 account books, ledgers, registers, and 106 papal bulls. Four papal
bulls were investigated with a namvasive and multanalytical approach. In particular, a bull of
PopeAlexanderBorgiadated1502,a bull of PopePaullll dated1540,andtwo bulls of PopePius

IV dated1560and1561,respectivelywereselectedThesebulls haveneverbeenstudiedbefore

through analyticamethodologiesThus,anyinsightsinto their compositionjncludingtheink, the
sealsand theparchment, can help gather valuable information for reconstructing their history and
for developing preserving conservation strategies.

The present study involved a nowvasive investigation using multispectral imaging (MSI),
employing wavelengths in the range from ultraviolet to infrared. Since each wavelength interacts
differently with the manuscript surface, MSI allows the uncoveringidden details and reveals
features that can enhance the visibility of parchment, inks, pigments, surface treatments, or stains.
MSI can help reveal information layers that are not visible to the naked eye. In particular, several
technigueswere employed including UV-induced luminescence(UVL), UV reflectography
(UVR), infrared reflectography (IRR), UV falsmlour (UVFC), and IR falseolour (IRFC)
imaging. By UVL imaging, it was possible to highlight the readability of damaged text, to detect
the presence of several stains on the parchment, and to identifggteeldtion and migration of

inks. IRR and IR FC imaging allowed us to detect the underdrawing lines, and to discriminate
among ancient and modeimks. The MSI investigationwas fundamentahot only to assesshe

stateof preservatiorbut also to guide the selection of relevant areas to be desplstigated by
Particle Induced Xay Emissior{PIXE). PIXE measurementserecarriedoutatthe Accélérateur
GrandLouvred'AnalyseElémentaird AGLAE) of the Centrede Recherchet de Restauratiores
Muséedde France(C2RMF)locatedin the Louvre Museumin Paris.By PIXE, it waspossibleto

study the chemicalcomposition of the parchment ink and seal of the four bulls and to produce
elemental maps to identify also the presence of ink migration.

AcknowledgmentsThis publicationis part of the project PNRRNGEU, which has received
funding from the MUR DM352/2022); the activities were also funded by the Cultural Heritage
Active Innovation for Sustainable Society (CHANGES) Project, funded by the EuropeaniUnion
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Unveiling Workshop Practices: A Technical Study of Wooden
Offering Bearer Sculptures from the Tomb of Minhotep
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In the framework of a PhD research project focused on the study of funerary wooden sculptures from
the tomb of Minhotep (early 12th Dynasty), housed in the Museo Egizio, Turin, this contribution
aims to explore further the technical study of the threepaads of offering bearers. Using a
multidisciplinary diagnostic approach, the research examines three offering bearers from the
assemblage, focusing on their manufacturing techniques, materials, and state of preservation,
adopting a comparative approaahnalyzing similarities and differences in materials and techniques
that could be indicative of peculiar workshop practicesnultidisciplinary diagnostic plan was
developed to investigate their construction techniques and materialsnWsive methods are
central to this study, especially miexaray Computed Tomography (CT),-Ray Fluorescence
(XRF), Fouriertransform infared spectroscopy (FTIR). These outcomes were integrated with some
micro invasive analysis, as stratigraphic samples analysed wathnfag Electron Microscopy
(SEM-EDS), with a particular focus on the pigments, which have yielded interesting results,
indicative of the division of labour within the workshop. The study of the carving techniques and the
pictorial layers highlights a hudgechnical diversity and material choices between the sculptures that
suggest the complexities of workshop practices, where tasks such as carving and painting may have
been divided among specialized artisans. Moreover, this multidisciplinary approacirésdaaech
underscores the importance of combining scientific and historical analyses to reconstruct the
production, use, and peskcavation history of such artifacts.
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The latest excavations at the San Teodoro Acquedolci Cave in Sicily, an important Pleistocene site
for the study of both fauna and ancient human populations, have focused on a recently opened
excavation areealled Trench M. It is a vertical cavity, about 2 meters deep and on average less than
80 cm wide, that revealed layers rich in Epigravettian industries, pigments, and ornaments. Chemical
analyses by EDS (Energy Dispersivaay Spectroscopy) of the redgpnent that stained a pestle

(Fig. 1) and two shells have been performed. The results showed that this red pigment is of inorganic
origin and that it is different from the organic one used to cover the Epigravettian burials ([1]; [2]).
These results stimuked a discussion on the hypothesis that the Epigravettian managers of this site
used either or alternatively organic red pigment from ferrobacterial mud, from several still existing
springs nearby the site, or mineral red pigments collected elsewheraeggnp the possibly
coincident order of events of these different attitudes have not yet been explored by
absolutechronology.

Fig. 1. A. Eightshaped pebble, with the left side rounded and smooth, displaying traces of ochre
(green arrow). B, C, D. Details of traces of ochre and pebble use (magnifications 10X)
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This research explores the application of UAV LIDAR, GIS, and statistical analysis in the
archaeometric study of quarry sites in the Euganean Hills, Veneto, Hagl-resolution UAV

LiDAR surveys identified 89 potential extraction sites, focusing on volcanic breccia quarries in the
central and eastern regions. Comparative analysis demonstrated the superiority of UAV LiDAR over
publicly available datasets, enabliige detection and 3D modeling of previously unknown
anthropogenic features in the forested landscape. The increased accuracy and resolution produced
precise digital terrain models (DTMSs), improving quarry identification and spatial analysis.

By characterizing and measuring the attributes of 50 extraction sites, statistical analysis differentiated
modern from historic quarries, revealing patterns in morphology and spatial organization that may
indicate periods of use. Field validation confirnied anthropogenic nature of key features and the
physical traces of quarrying activities. Case studies of two potential Rpenexd breccia quarry
complexes, identified through the survey, highlighted their role in pozzolanic material production and
demastrated the value of sigpecific LIDAR analysis in understanding ancient extraction activities
and the functional interconnectivity of associated quarry features.

This study underscores the potential of UAV LIDAR and GIS in archaeometry, especially for
detecting and characterizing anthropogenic features. The findings highlight how these technologies
aid in reconstructing historical quarry landscapes and offer nsighits into ancient extraction
practices and their broader cultural significance.

3D visualization of the Villa Draghi breccia quarry complex produced through mesh processing of
ground classified point cloud data collected through kigéolution UAV LIDAR surveys.

73



X1l Congresso Nazionale AlAr

FEN o

Integrating Edge Computing and Environmental Sensors for
Proactive Cultural Heritage Conservation
Antonio (Am&noredd) Raessi o Ba@bwlradiChiirsa r@agtl eof aPract(hReui t an
Antoni @) Astuti

®»® EHT SVCapeAAfrica, 31, 95129 Catani a, ltaly

(bPower EveBiutiioonAsrilavdl b. Pi 8ebpasso I|taly

(cMeridionale I mpianti SpA Via S.Simonetta 26D, Caponago , It
* Presenting author

antonio. amatore@eht. eu, andrea. patti @eht . eu,
| nt r odulchtei omanagement of cul tur al heritage i
ant hropogenic and environment al factors that
conservation strategies are often reeac toineg rad
damage has already occurred. The preventive &
monitoring and timely intervention to prevent

i nnovative system t hatd iamdtveaqircaetde ss eencsgoa sc ad mop un
and ant hropogetniime, mpraahlsi ngn a emdr e proactive
demonstrate the effectiveness of this approa
dynamics Bnd ophseivat Rehat endlenWoredncte motn sy ear s,
preventive conservation has shown a growing i

have explored the application of cshenassortse mpe rn
humi di ty, particul ate matter and | ighting, w
parall el Artificial I ntelligence has found
identification obttckBigesscpobpadckegrddatobarati on,
wever, there is stildl a significant <chall en
able of addressing multiple eaviro
mprehensive view of tPh® p o5 8 B sTMEb hdwedsli tgunreadl

tegrates advanced technologies to monitor &
th visitor management and artwork preservat
frastructure thatt rvumss tAlr saligiorrietahlmst itnmoe , c oeu
t a l ocal ly without transmitting sensitive
rategical l y rpolcdcd et emomirtaonre t mircs . These d
correlations bet ween Vi sitor presence and Vo
negatively affect the consteirmeatdaoaina sdmaluys ios
decisions, such as adjusting l'i ghting condi
Concl udihensproposed system represents a sign
management of cul tur al heritage cohseawadv olnul
cul tur al heritage management, taking prevent.i
technol ogies that provide a gl obal view of ri
posed by deterigprtalhd omr omtha dtei cem saufr itmmer i t age f ¢

a
u
a
d
0
ystem cap
0
n
0
n
a
t

Acknowl edgement s

This work has been partially funded by the European U
SAMOTHRACE (ECS00000022).

74



X1l Congresso Nazionale AlAr

FEN o f
o %

Deep Learning for ancient ceramicclassification: Saliency maps as a
tool for models interpretability

S. Capnifotnt i®PevBt oSEar dapadhieg nar dMd dleghi ni

(aDepartment of-S&piréhz&ciEmicesrsity of Rome, P.l e Al do

(bDepart ment of I nformation Engineering, El ectronics a
Rome, Via Eudossiana 18, 00184 Rome, Italy

* Presenting author

Sara.capriotti @uniromal. it
Anci ent ceramic artifacts are important rema
indicators of soci al and human activity, giVvi
devel opment, and raw matetiahshppsvananteatde
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Within the project of the Railway Line "ltinerary NapiBari" (viaduct San Michele in locality
Piscinale I) in Valle di Maddaloni (Campania region), archaeological investigations were performed
in anarea of ca. 4000 fin the valley of the Isclero river that, since prehistoric times, has been one
of the routes connencting the easternmost part of the plain of Campania with the Apennine forks for
Sannio and Puglia.

The anthropogenic evidence here discovered, dated back from a period of transition from the Late
Neolithic (45004000 BC) to the Final Neolithic (4068800 BC), consists of the remains of 12 open

fire pyrotechnological installations identified as fire {ptdces, as suggested by the presence of
concottiwith convex surface and recessed bases, traces ofrtaeated rubefactions, remains of
burnt earth, stones altered by fire, deposition levels of coal and ash in the surrounding areas (Fig. 1).
The habitat was characterized by the biome biteaded forest/temperate mixed forest, suitable for

the hunting, fishing and the supply of plant resources and raw materials for the construction and
production of pottery and lithics.

The archaeological investigations of one of the fireplace (US &8 2) unearthed a carpological
assembly formed by 63 caryopses of dressed cereals (Fig. 3) and a fragment of amorphous organic
matter carbonized attesting the practice of roasting cemeatessary for the food use of seeds, mainly
consisting in medium spelle@riticum dicoccum L.and barley ordeum vulgare L.

The carbonized organic fragment was collected along witltancbttosamples from the surface of

the combustion plate of the hearth and investigated by using npe@agraphic techniques
(Polarized Light Microscopy-PLM-, X-ray Powder Diffractioni XRPD- Scanning Electron
Microscopy coupled with Energy Dispersiver&y Spectroscopy-SEM-EDS), which revealed
interesting information on the nature of biological materials and technology used for their treatment.
The archeometric analyses carried out on the carbonized organic fragment bg[SEBL high
magnification permitted the identification of the rest of a wigrln bread composed of seeds held

by an amorphous matrix associable with flour (Fig. 4). Therghens via PLM and XRPD data on
theconcottoallowed us to estimate the temperature on the surface, which achieved ca. 900°C.

76



A T A

w of the .iAnvestgatéd area highlig}itihg the hearths on the plate

Representative images of the MS1 sample under an electron microscope. a) Sample overview; b-d)
remains of kernels; e) section of a rest of caryopsis, from which the pericarp (external
portion), the aleurone layer (intermediate portion) and the epicarp (internal portion) are
clearly visible; f) detail of a rest of the caryopsis, in which the aleurone layer is clearly
visible, covered by remains of the epicarp.

Fig. 4Representative images of the SEM
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The present contribution is the result of a collaboration between the Department of Physics and the
LABANOF (Anthropological and Odontological Lab) of Milan University and aims to present the
joint research activity, with particular attention to the amian of energy dispersive -Ray
Fluorescence (XRF) technique to the study of eatebaeological remains.

Two strands will be explored in depth: the possible applications on mixed remains, for both lead
contamination study and attribution of bones to specific subjects, and the study of the relics for
conservation purposes, through the example case of Saiopista virgin and martyr in the first
century, whose remains are preserved in Monsampolo del Tronto (AP).

Indeed, during the study of archaeological remains, the problem of mixed osteological findings often
arise. This, obviously, involves numerous problems during the study of individuals: in particular, for
the calculation of the NMI, i.e. the minimum numbéindividuals present, a parameter which is the
starting point for the attribution of the bone remains and for an accurate study of the context. We thus
tested the possibility of exploiting XRF, coupled with multivariate analyses. Prior to this, itdras be
necessary to verify the effectiveness of smovasive analyses in the detection of trace elements in
osteological material in order to be able to repeat and improve the results obtained through destructive
toxicological analyses. The occasion has béenstudy of bone remains from the burial ground of

the Ospedale Maggiore in Milan [1]. These samples all have lead contents indicating lead poisoning.
Anyway, the random distribution of lead content within the same place of burial (different burial
chambes of the same crypt) could also suggest external contamination due to the burial environment
[2], possibly due to leadch water infiltrating the soil.
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The present work is the result of a collaboration between the Department of Literary, Philological
and Linguistic Studies antthe Department of Physics of Milan university, and the Department of
Material Science of MilaiBicocca University and is a first approach to the study of coins (sesterzi,
dupondi and asses) minted in Viminacium, capital of the province of Moesia, intptagederbia.

The coins minted in Viminacium are made of bronze: the denominations minted are sesterzi, dupondi
and asses, with the presence of a few medallions relating to the years XlI of activity and XIlII. In
general, the sestertius has an average modulus of 30 tchamaverage weight of around 18 g, but
often exceeding 20 g; the dupondium, identifiable by the radiated head of the emperor, weighs around
7 g, while the axis, minted only in the first two years of the mint, weighs around 3.5 g. As the years
passed, therwas a general downsizing of coins; the production of the smaller nominals dropped
drastically, including that of the dupondi, which became much lighter than the older ones. The
sesterces saw a loss in weight, which averaged around 12 g but could geéinkegl to a reduction

in the modulus of the coin itself.

The first steps of our research demonstrate that these modifications are linked to a change in
composition. The elemental characterization was primarily obtained by characteristiz X
fluorescence spectroscopy (XRF), even though corrosion processesHggh tuncertainty in the

alloy composition. For each coin, six different areas were subjected to XRF analysis, three per face,
and the spectra obtained were used to carry out a qualitative and quantitative analysis, determining
the composition of each goin terms of majority and minority elements. The study of the elemental
composition was followed by data analysis with statistical tools, in order to identify similarities and
differences between the samples, investigating the possible presence of mltewgdation in the

alloy used for minting. Attention was also focused on superficial alterations and how they influence
the results obtained.

The results obtained were implemented with an XRF mapping and a diffuse reflectance (RS) scan on
a selection of samples. This allowed us to further characterize the influence of surface degradation,
which in some cases appears particularly-homogeneouss also highlighted by the Digital Optical
Microscope images. Finally, one of the sesterzi was analyzed measured on th&IB®0i@e of

the ESRF synchrotron in Grenoble, exploiting the XAS (X ray Absorption spectroscopy) technique
in TEY (Total electroryield) mode to study the surface alterations (around 100 nm).

80



X1l Congresso Nazionale AlAr

FEN o f

Rock cores characterization to prevent water seepage in northern
section of Beishan Buddha Bay of Dazu Rock Carvings (China)

Celestino Grifg(?), Chiara Germinari¢?®), Simona Boscia?(), Andrea Lepor€?), Mengjun Jia(°), Xiao Ma f)

aDepartment of Science and Technology, University of Sannio, Benevento, Italy
bDepartment oHistory of Science and Scientific Archaeology, University of Science and Technology of China, Hefei, China

* Presenting author
simona.bosci@studenti.unisannio.it

Dazu Rock Carvings are one of the most representative works of late Chinese grotto art renowned
with Dunhuang, Yungang, Longmen and were inscribed on the UNESCO World Heritage List in
1999. Beishan grottos, one of the most important componebaszof Rock Carvings, are located in

the north of Dazu District in Chongging, China. The carvings of Beishan grottos were constructed
from the late Tang Dynasty to the Southern Song Dynasty (late 9th century to th2tmakntury)

and are renowned for thidine carving, exquisite craftsmanship, and elegant refinement, representing
the Chinese folk Buddhist beliefs and grotto art styles in these historical periods. These carvings are
a significant part of China's cultural heritage and are considered ad theelast great monuments

of Chinese grotto art. For decades, the Dazu Rock Carvings Research Institute and related Cultural
Heritage conservation units, along with scientific researchers, have devoted significant efforts to the
protection and restoratioof the cliff carvings at the northern section of Beishan Buddha Bay, Dazu
Rock Carvings, achieving substantial results. However, due to the complexity of managing water
damage in this area and various constraints, serious seepage problems have ertergedtirern

section.

This contribution deals with the characterization and testing of two rock drill cores from the northern
section of Beishan Buddha Bay, intending to enhance our understanding of the rock formations of
the Dazu Rock Carvings to provide critical insights forderstanding seepage damage and
formulating conservation strategies, such as the selection of proper conservation materials or
protocols.

Rock samples from two drill cores carried out on the back of the cliff were collected following
changes along the core regarding rock maexture, grain size and colour. The core sampling covers

the entire rock cliff carved by Beishan stone monuments.

A full mineralogical, petrographic and geochemical investigation was carried out for a precise
characterisation of the rock sequences, along with assessing the pore system and analysing the
fracture net in the rock body, allowing the evaluation of the mateulation system.

The present research illuminates significant differences between the two rock cores despite their short
horizontal distance, highlighting the pivotal role of sasalale rock characterization in designing
proper and effective conservation strategies ferGhinese grotto heritage.
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Recent archaeological excavations in the Medici Park of Pratolino, located in the municipality of
Vaglia (Florence, Italy), have uncovered a complex hydraulic system leading to the Villa of Pratolino,
known as th&/iale degli Zampilli The Medici Park of Pratolino is a unique example of a Renaissance
historic garden has been listed in the UNESCO World Heritage Site "Medici Villas and Gardens in
Tuscany," since 2013. Designed by architect Bernardo Buontalenti at the request of Flancesa 6
Medici (1569 1575), the park and villa were celebrated for their grottoes, fountains, and water
features. However, over time, both the villa and\fiedef e | | into di suse, culr
demolition and the abandonment of ¥iale in the early 19th century.

Since 2022, the Metropolitan City of Florence has promoted an ambitious project to restore and
refunctionalize th&iale degli Zampilli To reconstruct a detailed understanding of the lost hydraulic
system and provide critical guidance for the restoration project, comprehensive studies were carried
out on the unearthed remains.

Historical research and archaeological excavations, coordinated by the Soprintendenza Archeologia,
Belle Arti e Paesaggio (SABAP) for the Metropolitan City of Florence and the provinces of Pistoia
and Prato, revealed the structure of thale degli Zampillj a 290meterlong marvel of hydraulic
engineering. The name Viale degli Zampilli is derived from the double water effects: vertical and
arched jets, that form a unique pathway that allows one to pass through without getting wet. The
monumental structungas surrounded by walls with decorated stone slabs and had walkways on both
sides. The waterspouts were fed by masonry pipes housed in the two side walls of the viale. The
vertical jets were fed by pipes set into the walls, while the arched jets weby feiges in the
foundations. Several repairs were made to the water pipes and the masonry in order to preserve the
original water system, which was maintained by the Medici and later by the Lorraine family until the
mid-18th century.

Mortar and brick samples were collected from the walls and water pipes\dlalbadegli Zampilli

in order to investigate the construction techniques and chronological phases.

The samples were analysed using optical and scanning electron microscopyE[EEMX-ray

powder diffraction (XRPD) and physical characterization methods to better understand the
construction techniques and the raw materials used at different times.

Finally, thermoluminescence (TL) dating was used as a powerful method for dating the original firing
of bricks and water pipes to narrow down the chronology of the canal and masonry.
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Marine bioconcretions, to date, are treated as waste, which hides and disfigures the underwater
archaeological find. As such, they are eliminated to allow adequate restoration and conservation
action.

The only recent studies conducted on them are of a biomarine nature, and concern aspects that are
pertinent to marine biology. But in the course of recent research on bioconcretions for expert
purposes, significant results have emerged, which place ttegsaats in a different perspective that

need to be explored in a scientific context.

This study has shown that they develop as a stratigraphy, storing data useful not only biologically,
but for an adequate historical reconstruction of the repertoire as well as verification of the position,
in a temporal space tdhiavewe have defined as i
These conclusions are the result of adequate diagnostic investigations, still in an initial and almost
experimental phase.

83



X1l Congresso Nazionale AlAr

FEN

Assessing the impact of sampling strategies on archaeological stone
tools and residues
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A multidisciplinary approach to the evaluation of the impact of the
marine-coastal environment on ancient Calabrian watchtowers
(Southern lItaly): preliminary data
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characterization of construction materials from the Mausoleum of
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With a lifespan exceeding 2000 years, Roman structures remain standing even today, as enduring
symbols of their glorious past. Several recent studies have attempted to understand their exceptional
resilience, in some cases to inspire modern constructioisiry towards innovative heritagrespired

building materials, overcoming the wéthown durability issues of contemporary buildings. In this
paper, the authors present ongoing research promoted by the University of Notre Dame and conducted
in collaboraton with the University of Padova, which made possible an extensive characterization
campaign of mortars and concretes in the Mausoleum of Hadrian, a monumental construction of the
2" century CE that still dominates the Roman skyline. This robust structure, complimented for its
imperial symbolism, consists of a massive concrete drum built along the Tiber River. The research is
framed on a wider research project on the architecturbeoinbiperial mausoleum, and aims to
document, analyze and characterizegh®loyed construction materials, in particular mortars and
stone rubble materials fopus caementiciurftaementy to understand the construction techniques

and parametrize thermulation recipesMore than 20 concrete and mortar samples were collected
from different areas of the building dating back to the Roman era. Materials were subjected to an
extensive characterization campaign aimed at tracking the provenance sources of raw materials and
unraveling the microchemistry of the pozzolanic binders responsible for the longevity and durability

of the structure. A muHanalytical approach was adopted, employing several archaeometric
techniques such as Polarized Light Optical Mswopy, Xray Powder Diffraction, Scanning Electron
Microscopy combined with Energy Dispersive Spectroscopy anBay) Fluorescence, to
characterize the petrographic, mineralogical and chemical composition of the building materials. The
analyses revealedgsiificant occurrence of amorphous calcium aluminosilicate hydraie-8H)

gels in the binding matrices, as well as ldagn microcrystalline hydration products, such as
stratlingite, which have played an important role in the strengthening of theistrager thousands

of years. Regarding provenance, the analyses led to acavedidered selection of construction
materials, primarily of local origin. This study highlighted the ambitions and risks undertaken by
Roman constructors to formulate buildingterials that have survived through several centuries.
Additionally, it provides a basis for further analysis to quantify variations in the quality of the mortar
recipes among different structural and fsdructural parts of the same building, aiding ientifying

the level of design of mortars in this monumental construction.
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The PITCH project: a laboratory -based phase contrast Xay imaging
system for Cultural Heritage analysis
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Over the last few decades;rdy imaging hasmproved significantly as a higtesolution, non
destructive, and nemvasive tool for radiography and tomography, solving a major challenge of
detecting internal structures of samples in different applications. Furthermore, since the enhancement
of synchiotron sources, extremely coherent radiation has been used fdraddional contrast
techniques [1]. The conventional absorption contrast method is particularly beneficial for
characterising mediuwdensity samples or distinguishing materials with défgérattenuation powers,

but not for lowZ materials, which exhibit poor contrast underay irradiation. Phase contrast X

ray imaging (PC) is instead an effective technique for detecting low contrast details in weakly
absorbing samples. This method isdsh®n the observation of the interference pattern between
diffracted and noiffracted waves, caused by spatial variations in the real component of the
refractive index introduced by a sample placed in the wave path [2].-R$ ¥nhaging has great
potental in medical, material science, and cultural heritage (CH) applications since it can deliver
high-quality information on microstructural characteristics. A cohererdyXbeam is an appropriate
instrument for developing phasensitive Xray imaging; as a&esult, this technology has already
been deployed at synchrotron facilities [3]. Among the PC methodologigsay >Grating
Interferometry (GI), which provides differential phase and scattering-faad) images in addition

to the standard absorptidiased image, enables the realisation of systems that can be implemented
in a laboratory setting. This framework opens interesting opportunities in the CH field, including
conservation, archaeology, and anthropology.

The PITCH project (funded in the framework of PRIN2022) aims at designing, developing and
characterising a laboratory ®IC imaging setup based on a liaidode Xray source, as well as at
investigating and developing different data acquisition methodskgorithms for signal extraction

and tomographic reconstruction. The system will be optimised for the analysis of various CH
materials to characterise and better understand specific related issues.
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The Roman town of Benevento was an essential crossroad on ancient Appia, and two monumental
bridges, Ponte Leproscand Ponte Appiancas they nowadays amamed permitted those who
travelled this sector of tHeegina Viarunto cross the watercourses.

The Ponte Leprosas located on the outskirts of Benevento, with the typical humpback structure,
which allowed the Via Appia Antica to cross the Sabato River, about 1 km southwest of Benevento.
It had and still has five spans, but only one remained original. The bridgkkelgsbuilt by the
censorAppius Claudius Ciec(850 BC- 271 BC), a Roman politician of the ancient and ngjeles
Claudia.

The Ponte Appiandalso namedPonte Rottp spans from the 1st BCE to the 7th CE; at least four
different building techniques can be identified, referable to as many historical phases; in their current
state, an archway and at least three piers of the bridge and two early medieval pillarslar®uiki

with reused materials from funeral mausoleums from the Roman age.

Both bridges suffered heavy restoration and modification during their ages. The Ponte Leproso
appears in good preservation in contrast to the Ponte Appiano, probably due to its position close to
the city. To explore the building technology and the stat®o$ervation of the two bridgexluded

i n the UNABELRegimaViarenon a mul ti di sci plinary camp:
with a detailedohotogrammetric survey. The identification of geomaterials showed the use of local
limestones and ttg, bricks, and reused materials on which various degradation phenomena insist,
which were catalogued through the abacus provided by ICOMOS. The overlap and intensity of the
forms of degradation were evaluated to estimate and quantify the damage présemntorks. By

the Fitzner method [1], maps of geomaterials, weathering forms and damage were produced, and
finally, the damage index was calculated.
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An Egyptian mummy of the Roman period with a painted shroud and
gilded cartonnage: a multianalytical study
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This contribution focuses on the technical study of a rare Egyptian mummy with a painted shroud
and a gilded and painted cartonnage belonging to the Museo Egizio of Torino (Provv. 0549). Stored
in its warehouses, this shroud was recently studied thar&ksdaservative intervention at CCR La
Venaria Reale.

Multiband, norinvasive pointwise and micfimvasive analyses allowed us to distinguish between
the original materials and those added on occasion of previous conservation interventions.

Morphological observation under optical microscope and a specific 1thenmical analysis were
performed on samples of the fibers of the mummy bandages.

The color palette is characterized by an extensive use of Egyptian blue, as highlighted by the visible
induced luminescence (VIL), iramased red pigment, coppeased green pigment, orpiment, carbon
based black and calcite.

The widespread presence of PVAc, used in a past conservative treatment, has prevented us from
identifying the organic binders correctly; nevertheless, the identification, by FTIR analyses, of copper
carboxylates suggests the use of a fatty binder, atifeesation to the green areas. In this context,
scientific analysis aimed to deepen our current understanding of the artistic practices of the Roman
period [1] through an kalepth study of the painting technique, while promoting an improved, seience
informed preservation of the mummified human remains.

Figure 1. Front of mummy, painted shroud and gilded cartonnage
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Surface texture assessment in Heritage Scieng&eyisfor understanding material condition and
historical context. For patinated bronzes, it aids in identifying deterioration, such as corrosion or
patina changes. This analysis supports restoration, informs preservation approaches and plays a key
role in evaluating the adhesion and effectiveness of protective treatments. By these textures,
conservation scientists can enhance the care and management of bronze sculptures, ensuring theil
aesthetic and historical values are preserved. However, characteritdupropatinated bronze
surfaces is challenging due to variability, artwork geometry, environmental factors, and portable
instrument limitations. Nowontact methods are increasingly preferred to prevent surface damage.
To address these challenges, effares focused on developing standardized-destructive testing

(NDT) methods. The Italian projects INCARE and MEDUSA are conducting extensive research on
the surfaces of patinated meuaks, including those with green Messina and sulphur liver patinas,
aiming at establishing new correlations between laboratory methods and portable NDT techniques
for onsite characterization. Additionally, both contact and -nontact optical roughness
measurements are being carried out as part of the MOLAB access framework.

This study presents a new protocol integrating handheld digital microscopy with image analysis to
investigate the surface texture of patinated samples. Its precision and variability are compared to
laboratory techniques like light microscopy with rakinght illumination, optical profilometry and
Optical Coherence Tomography (OCT) for surface texture and thickness measurements. The
effectiveness of portable instruments forsdte roughness assessment is also evaluated.
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The application of geochemical analysis provides valuable insights into the characteristics of soll
components associated with archaeological artefacts. Such analyses of archaeological soils yield
essential information regarding past human settlements, their activities and the surrounding
environment. This study focused on the investigation of the contents of an inkwell discovered in an
ancient throwing basin during excavationsPalazzo Paradiso, Ferrara, in the early 1980s. These
vessels, commonly used during the medieval period is considered to serve as reservoirs for ink
utilized in manual writing on parchment or paper. The contents of the inkwell were analysed using
scanning kectron microscopy with energy dispersive spectroscopy (EE8) and micreRaman
spectroscopye-Raman) technique. SEHEDS analysis revealed significant levels of sulphur and
iron, whilee-Raman spectroscopy identified the presence of haemati@sjFe

These findings align with the observations of Chireceanu C. et al.,;2@b6l confirm the presence

of iron sulphate, a key component in ancient in ancient inks. Specificallygabmk (IGl) is an
iron-polyphenol complex, was produced by reacting tannins extracted from gall nuts witlf'the Fe
derived from iron sulphate. Gum arabic was emj
of iron (ll) sulphate, was mainly used as the iron salt facilitating the formation ofa black/dark
precipitateessential for ink production.

The inkwell of Palazzo Paradiso in Ferrara (FE).
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Fine glazed ceramics were produced in Pisa (Italy) between thantBthe beginning of the 45
century, at the same time and in the same workshops as archaic maiolica [1]. Fine glazed artifacts,
however, were olesser value compared to maiolica artifacts and, therefore, mainly intended for the
table and daily life of the middllewer social classes [2]. After beimgglected in archaeological
studies for many decades, they have then been thoroughly studied by Giorgio [3]. However, there is
no archaeometric data on this ceramic class to date. Fifteen shards of fine glazed ceramics from Pisa,
dated between the $2ind 14" century, with colourless or coloured (yellow, green and brown) glazes
were investigated. Scaimg electron microscopy (SEMDS) was performed to characterize the
layered structure and chemical composition of the glaze. Furthermeray Xluorescence
spectroscopy was used to better identify the chromophore elements responsible for the different
colours of the glazes and to check possible variations in the composition in different areas of the
shards. The analyses have shown that the glazes are of the high lead type, with an alkali ce@tent (Na

+ K20) lower than 3 wt% in most of the samples. They @ther inhomogeneous and almost
completely free of crystalline phases within the glaze. No clear difference among glazes made in
different periods or from different sites was highlighted. The chromophore elements identified are
copper (CuO) in the greaglazes and manganese (MnQO) in the brown ones. For the yellow glaze, a
chromophore element was not identified. In fact, iron, the most common chromophore used to obtain
yellow glazes, was found in similar concentrations in all samples; this suggests what not
intentionally added to the glaze as a colourant, but was an impurity in the raw materials. The
comparison between fine glazed shards and archaic maiolica ones from the same archaeological
contexts has highlighted the compositional differenceth®fglazes used. Moreover, the glazes of

fine glazed ceramics showed a more heterogeneous and variable composition compared to those of
maiolica, whose production seems to be more standardized.

In conclusion, this first archaeometric study of fine glazed ceramics made in Pisa at the beginning of
the 13" century allowed us to reconstruct and increase our knowledge on one of the first productions
of glazed artifacts in Tuscany.
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The city of Spina, a fundamental commercial junction between the Etruscan and Greek worlds in the
north Adriatic area, wagounded around 530 B.C. [1] and remained active until tReehtury
B.C.[2,3], when changed environmental and geopolitical conditions sanctioned the decline of its
function as a commercial port. The first evidence of Spina's presence in the Po Delta came to light by
chance during land reclamation works in the Corh# Valleys in 1922. During these efforts, an
ancient tomb was discovered, marking the beginning of a series of finds. Continued reclamation
activities subsequently led to the identificationhaf Valle Trebba and Valle Pega necropolises. Over

the years, archaeological investigations have significantly deepened our understanding of Spina,
uncovering numerous artifacts that highlight its history and its strategic importance in ancient trade
networks. In 2023, the University of Ferrara, in partnership with the Consorzio Futuro in Ricerca
(CFR) and under the Mi€Sabap Bologna concession, carried out an archaeological excavation led
by Caterina Cornelio with Luigi Malnati, supported by the Pete@any.

The study of this material, in particular the metal slag, is of fundamental importance for understanding
the technological level reached by the Etruscans and answering questions about their activities in the
Po Valley [4,5,6]. In this paper, we present pineliminary results of analyses using raestructive
techniques, including portable EB-ray fluorescence (pXRF) and SEEDS, conducted on the slag

and metal alloys recovered during the 2023 excavation. The pXRF analyses allowed us to obtain
statisticaldata on the types of artefacts and metal alloys and on this basis, samples were then chosen
on which to carry out wiepth observations and SEEDS microanalysis. This study examined
approximately 120 artefacts, including metal slag, fragments of fibutaegnd bronze), nails, and

lead items, mostly under 10 cm in length and in varying states of preservation. Decorative items, like
fibulae, were often heavily degraded and found only as fragments. Preliminary analysis shows most
metal slag comprises feus alloys, with some bronze alloys primarily containing copper and lead.
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There is still debate about the origin of calcium oxalate films, a significant contributor to the colour
change of stone materials [1]. The suggested origins include the biogenic production bamdalic
generating microorganisms and the chemical devetoprof oxalic acid through the oxidative
breakdown of biological coatings on stone surfaces, a consequence of previous polishing and
restoration works involving natural materials such as lipids, proteins, and carbohydrates [2]. Recent
research works [3] slwed that oxalate salts could be also the decay product of the Japanese lacquer
(urushi), which is a natural polymer obtained from the exudate of the tree Rhus Verniciflua. This
lacquer is widely employed in Ea&sian art for finishing wood and metallicrdaces. Historical

texts and contemporary analyses also mention the incorporation of calcium carbonate powder as a
filler in lacquer, providing a straightforward explanation for the presence of calcium ions. The present
work aims to clarify the mechanisnisading to the formation of oxalate films due to microbial
metabolic products. In literature, previous experiments investigating the biological formation of
calcium oxalate revealed that various fungi, as well as bacteria, can produce organic acigs, notab
oxalic acid [4]. This acid reacts with carbonate substrates to yield calcium oxalate. Unlike many
studies using liquid cultural media and remvironmental conditions, the experimental design which
was developed in this study aimed to replicate-weald conditions as closely as possible.

Both stone and lacquered specimens were subject to microbial growth tests. Stone substrates receivec
various organic treatments (whole egg, linseed oil, and gum arabic), both fresh and artificially aged.
For Japanese lacquers, three different mixtures @rapoyed, incorporating filler (CaCO3) and two
types of additives (perilla oil and rice starch). Bacterial and fungal inocula were obtained from the
microbiological sampling of a baslief (located at the external facade of Pisa Cathedral) and of some
Jgpanese urusHacquered armors (Morigi Collection, Museo delle Culture, Lugano, Switzerland).
Both the sampling contexts showed the presence of calcium oxalate. After the inoculation, the mock
up samples underwent high humidity and ambient temperaturéioasdThe microbial growth was
assessed over time through microscopic observation (SEM), while the formation of organic acids and
of oxalate salt was monitored by Fourier transform infrared spectroscopy-FATRand external
reflectionFTIR) and by Xray diffraction (XRD).

Results on stone specimens revealed that added organic substances served as favorable microbia
growth substrates, promoting chemical reactions leading to the formation of calcium oxalate and
unexpected compounds, such as metal soaps, commonly foundpairdings due to fatty acid
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saponification. The presence of organic substances may affect microbial production of hydrolase
enzymes, potentially leading to the formation of calcium soaps. In particular, mycetes exhibited
substantial growth and adaptation capabilities, hydrolyzingyterides from egg and linseed oll
through metabolic enzymes.

This study underscores the significant influence of microbial growth on the formation of decay
products like calcium oxalate and calcium soaps. It happened significantly using an experimental
design which was developed to replicate «wgatld conditions aslosely as possible. Infrared
spectroscopy and-xay diffraction proved valuable in characterizing substrates, organic substances,
and inocula. In particular, portable external reflection infrared spectroscopy was able to detect
bacterial and fungal growtin real time. That suggests a possible use of the technique as a mean to
evaluate the presence of biological colonization on cultural materials surfaces and remnants of
microbiological activity after biorestoration and biocleaning works.
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High throughput sequencing (HTS) of both 16S rRNA and 18S rRNA gene amplicons gives insights
into microbial communitiesdéd composition in di:
interesting ecological niches shaping unique microbial comiresniwhich, in turn, may be held
responsible for biodeterioration phenomégtjaTherefore, investigating those communities is key to
provide a clue towards biodeterioration processes. This case study focused on frescoes located in
hypogea rooms of the B& Maria della Grotta Complex in Marsala (Trapani, Itghg]. In order to
explore communities possibly |linked to frescc
swabbing, in the areas where colour differences were evident and alterations or salt concretions were
identified. Main colonizers belong to thec#nomycetia class, the most represented genera being
Pseudonocardiafollowed by Mycobacterium Wherever Actinomycetia are less abundant,
Gammaproteobacteria take over. Archaeal communitiee weplored too and show to include
members of the Nitrososphaeria class, with a prevalenbbtrafsospheraa chemolithoautotroph

genus, endowed with ammoroaidizing abilities. Interestingly, these results are in agreement with

the hypogeal nature of the site. Noteworthy, in salt concretions points the Rebrabacteris
overriding the sample, accompanied by low percentages of Archaea belonging to Halobacteria class.
As for the 18S amplicons, the class of Saccharomycetes belonging to the Ascomyhotg phd

the class of Malasseziomycetes belonging to the phylum of Basidiomycota, are the most represented
ones. The Embryophyta class is also recorded in some samples, in line with the presence of invasive
vegetation in the site.
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The mural painting depicting tiadonna Odigitria gnknown painter Miell2th century), displayed

in the Palatine Chapel of the Royal Palace of Palermo (Sicily), is currently undergoing a delicate
restoration work by the Laboratories of Centro Regionale per la Progettazione e il Restauro of
Palermo. The histical data reports that in 1949 tfiescowas detached and placed on a new support
consisting of a canvas on a wooden frame, sealed with a layer of mortar and a thin pictorial layer. In
order to provide targeted support for the planning of the resioratitivities, a diagnostic study has

been carried out through namvasive methodologies and subsequerdapth analyses on samples.

The investigations have been aimed at characterizing the pigments and the technique, at identifying
the degradation prodts (salts, biological attack, aged organic protective applied over time). The UV
fluorescence images located the areas of pictorial and plaster integrations; the new data, the
microscopic observation and macroscopic evaluation by restorers confirmedjirgcm the
hypothesized period, that the mural painting consists of affestolayer and, subsequent lime
pictorial layers applied on the plaster still wet. The selective detachment of these frotortaehino

also confirms this hypothesis.

[ <SR

The XRF and FORS results and SEHWS and FTIR analyses allowed to fully characterize the
palette(red and yellow ochres, green and brown earths, lime white pigment). Th&EBEMnalyses
provided the vine black identification, deduced thanks to the morphology identified at high
magnifications and typical K and Na content, is also characterized bg@aering power and a final
bluish-grey shade that coincides well with the macroscopic characteristics observed here. The plaster
based on Mdime is charactezed by the presence of several plant fibers, denoting full awareness of
the technicakxecutive needs of the context in which the work was produced.

Acknowledgement$his project received funding from thHeondazione Federico H Assemblea
Regionale Siciliana Palermo
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This research aims to analyse éwelution of gem carving (glyptic) and the historical use of precious
stones in ancient Rome, with a specific focus on the collection of the Civic Museums of Ancient Art
in Ferrara. Through detailed documentation and cataloguing of the exhibits, theéaenhsnce not

only their material value, but also the historical and cultural context that defines them as symbols of
wealth, prestige and artistic skill. These artefacts, admired for their aesthetic and symbolic value,
highlight the mastery of Roman ldaries in working quartz varieties such as chalcedony and
carnelian, as well as rarer materials such as amethyst and lapis lazuli.

The study, conducted on a sample of 25 artefacts, takes an interdisciplinary approach by combining
petrographiemineralogical microanalysis, archaeology and art history to investigate the materials
and techniques used in the production of carvings and aanide petrographimineralogical
analyses were carried out through advanced optical microscopy observations, using a HIROX 3D
Digital and Confocal Microscope, supplemented with Scanning Electron Microscopy-EBEY

and pRaman spectroscopy techniquedied3e instruments made it possible to determine the
chemicaimineralogical composition of the gems, to identify any artificial treatments or imitations,
and to accurately characterise the quality and origin of the materials.

The result of this study is the creation of a digital archive of the analysed gems, useful for certification,
conservation and future evaluation purposes. This research, focused on the provenance and
sophisticated manufacture of the Ferrara collectiontridanes to a deeper understanding of ancient
lapidary techniques, emphasising their relevance for the conservation of cultural heritage and for the
development of analytical methodologies applied to cultural assets.

Anguipes in armour with snake kegs.
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The House of the Ancient Hunt (Casa della Caccia Antica) is a magnificent Roman house in Pompeii
(VIl, 4, 48), dating from the™ century BCE. It is being studied by a multidisciplinary team that is
focusing both on conservative and archaeological questions, providing a better knowledge of the
house i1itself and, through this, aboutionserenpei i
excavated in 1833835. Some of them are lost, and others have deteriorated over time due to the
external environment to which they are exposed. Factors such as humidity, heat, sunlight and other
elements have caused the fading of the coloutkefurviving frescoes and the reduction of the
overall visibility of the images, with many details difficult or impossible to see with the naked eye
compared with the rich documentary evidence (watercolors, photographs, etc.) available. This
research expres hyperspectral imaging (HSI) as a tool to assist in the better recognition of the
degraded scenes, and to highlight some hidden details that can reveal the techniques used by the
painters. HSI combines spectroscopy with digital imaging and offersigirgmresults for the
analysis of painted surfaces [2]. In this work, the hyperspectral cubes obtained from the frescoes were
explored in terms of spectral images and PCA images. In addition, these images were combined into
false colour images to betterasth some hidden features (Figure 1). Fiber optic diffuse reflectance
spectroscopy (FORS) was used to obtain more information about pigments, and spectra were
therefore used to integrate (or confirm) the information obtained from the hyperspectral cubes.

Figure 1. Images of the Nilotic scene from the tablinum of the House of the Ancient Hunt
(A - visible light, B- PCA, C- false colour).
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The effectiveness of conservation procedures on painted artefacts is commonly assessed by analysing
the surface before and after preliminary cleaning tests by means of chemical and morphological
characterisation techniques, which sometina¢so requiremicrosampling. However, on real
artefacts, irregular distribution and thicknesses of the materials to be removed make the cleaning
procedure difficult to define in terms of modulation of operating parameters and the assessment of
the treat meaddsared feaftenveess i s al most entirel)
sensitivity. Moreover, it has to be taken into account that inadequate treddamsto permanent
damages with possible thinning of the original matter. Therefore, the development and validation of
an analytical met hodol ogy able to discriminat
surface and to perform a rei@he monitoing of the cleaning procedure is a need and a challenge in
modern conservation.
In this context, this study deals with the assessment of the feasibility of Optical Coherence
Tomography (OCT) for monitoring the removal of contaminants from painted surfaces and, in
particular, measuring multilayers thicknesses in a completeljimvasive way. A set of samples,
consisting of Paraloid® B72 and Egyptian blue layers deposited on glass microscope slides, were
prepared (thickness in the range of 10 to 2@ in order to mimic the simpler stratification that can
be found on real artifacts. OCT measurements were performed by means et@ldwmedica
instrument , employing a |l aser | ight source at
be consideed non perturbing even ligsensitive materials. Some sample cresstions were also
observed by a Scanning Electron Microscope (SEM) to provide a reference thickness estimation [1].
The obtained results are very promising so that the possibility of coupling OCT measurements with
fluorescence spectroscopy is actually under investigation to develop an integrating approach for the
monitoring of cleaning treatments.
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A geophysical study on the "Diana the Huntress" marble statue, which has to be exposed in the Salinas
Museum of Palermo, was performed to solve the conservation problems of the statue, both aesthetic
and structural. The statue currently has a diffuse fio@éblackening, probably due to an attack of

the microflora, while structurally, the weight of the bust rests entirely on the central trunk. A 3D
Ultrasonic Tomography [2] was performed on the statue to identify any anomalies due to structural
defectsof the material and possible internal support elements. A total of 357 measurements were
acquired following the fAitransparencyo techniq
transducers were located to be used as transmitters or recdittegsutirasonic rays (Fig. 1a). The
velocity model obtained was finally constrained to the scanner survey of the statue, allowing a 3D
visualization of the model. The results of the ultrasonic survey showed an average velocity of about
3000 m/s, considedeadequate for the properties of the marble. However several areas with low
velocity values (less than 1500 m/s) were observed, which could indicate areas with poor mechanical
resistance. Thanks to ultrasonic tomography it was possible to identify ttieisttuweaknesses that
confirm what was expected; therefore, the permanent exposure will take place through the use of
support elements.

Figure 1. (a) The front view of the scanner survey of the statue, in blue the measurements; (b) 3D
rendering ofthe velocity model.
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The National Archaeological Museum of Reggio Calabria (MArRC) preserves a miniature pottery
phiale(n. inv. 6223/MRC 6505; h. cm 1, diam. cm 6,6) discovered in the sanctuary of Persephone on
the Mannella hill oL.okroi Epizephyro{Fig. 1). This item was a votive offering found by Paolo Orsi

in a large votive deposifdvissg that contained an enormous number of objects, dating back from
the midseventh to the fifth century BCE and offered to the goddess Persephone before being placed
in cultic storage [1] This miniature vessel recalls libation bowls, commonly used in religious
practices of Greek and Western Greek world, as shown on figured potterpioa&es the votive

tablets found in the Mannella sanctuaBhialai were typically footless and handleless, often
characterized by a bulbous indentatiomphalo¥ on the underside to facilitate holding. While metal
phialai were considered luxury offerings, ceramic versions were widespread and often imitated their
metallic counterparts. The specimens presg at MArRC will be the subject of an-depth
diagnostic study on the technique used to give their surfaces a metallic appearance. In thiseegard, t
covering of ceramics with a tin layer, particularly in ancient Minoan and Mycenaean pottery, has
been extensively studied over the years. Initially, the black coating observed on these vases was
believed to be a type of varnish. However, further anslyevealed it to be a layer of tin oxide,
suggesting that a tin foil had been applied to achieve thet e

Figure 1 - phiale n. inv. 6223/MRC 6505

The different parts of the object were analyzed usirgyfluorescence (XRF), Raman spectroscopy,

and thermography in portaldenfiguration, to determine the composition and distribution of patinas
with varying colors. The results revealed the presence of tin in the grey areas, suggesting the
intentional application of a special covering in those regions. Further details afdlysis and
findings will be presented in the poster as preliminary results of a more complex investigation.
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Figure1: Chinese votive bronze sculptures from the Museo delle Civilta in Rome
(Italy).
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The study describes the results of the-masive investigations carried out on the Gradual XIV 16
A4688 preserved at the "M. Accascina" Library of the Regional Interdisciplinary Museum of Messina
(Sicily) during the recently completed restoration woikss project has been promoted within the
training activity planned in the scientific collaboration agreement between the Giorgio La Pira
Messinese Foundation and the Regional Center for Planning and Restoration (C.R.P.R.) of Sicily. In
particular, it coserns the restoration and valorization of an official liturgical book dated 1610,
coming from the Convent &. Maria di Gesu inferioren Messina. The diagnostic study was aimed

at evaluating the state of conservation and at gainkugpth knowledge of the pictorial materials
and artistic t echrbifoljou ec.h aFroarc ttehreiszee dp ubryp otshees ,p rfie
on tetragrams consisting of red lines, red inscriptions, miniatures and decorations with polychrome
backgrounds representing tiwbole pictorial palette, have been selected.

T |

Non-invasive investigations on gradual manuscript at the laboratories of the C.R.P.R. (Palermo)

—

Multispectral imaging techniques allowed to obtain a preliminary map of pigments and dyes,
subsequently identified by XRF and FORS. In some cases, previous musical notations that were no
longer visible have been detected thanks their yellowish fluorescence, suggesting a total reuse of the
parchment or to a partial abrasion of the support. Furthermore, IR imaging also highlighted the
sequence of pictorial creation of the miniatures. Thegrated use of XRF and FORS techniques
identified the following chromophores: lime white pigment, vermillion, minium, realgar, orpiment,
copperbased green (malachite), red lake, earths, azurite and lapis lazuli. Imaging and spectroscopic
analyses also pvaded information on the type of ink used for the musical notations, confirming the
use of an irorgall ink on all the papers and providing first information on its degradation causes.

References
[1] I. D. van der Werf, C. D. Calvano, G. Germinario, T. R.l. Cataldi, L. Sabb@figimical characterization of medieval illuminated
parchment scrolls, Microchemical Journal, Vol.134, 2017, doi.org/10.1016/j.microc.2017.05.018.

Acknowledgements

This project received funding from tif®@ndazione Giorgio La Pira messinese.

113



X1l Congresso Nazionale AlAr

FEN o f
o %

Beyond the Golden Glow: Analytical Study of Mural Paintings and
Stuccoes in the Palatine Chapel of S. Anna

F. Armetta( ), S. Barrecd”), G. Arena'f), D. Amorello ), L. Bareca f), S. Orecchid* ), S. Orecchid)

(® Dipartimento di Scienze e Tecnologie Biologiche Chimiche e Farmaceutiche (STEBICEF) and-m&ario, Universita degli
studi di Palermo, Viale delle Scienze, Ed.180128 Palermo, Italy, IPGENR, Istituto per i Processi Chimico Fisici, V.le F. S.
d Olddntres 37,498158 Messina, Italy

(b) Department of Chemical Sciences, University of Catania, Viale A. Doria 6, Catania, 95125, Italy
(c) Museo civico Castelbuono, Piazza Castello, 3, 90013 Castelbuono PA, Italy
(d) Department of Physics and Chemistry Emilio Segre, Viale delle Scienze, 90100 Palermo, Italy

* Presenting author
santino.orecchio@unipa.it

This study examines the chemical composition of the wall paintings and stucco work in the Palatine
Chapel of S. Anna, located within thentimiglia Castle in Castelbuono, Sicily. Employing non
destructive analytical techniques, such asXfluorescence (XRF), Fourier transform infraredFT

IR) spectroscopy, and-Ky diffraction (XRD), the research aims to identify the pigments and
materals used in the chapel's artworks, with a particular focus on the golden yellow background often
mistaken by visitors for actual gold. The analysis reveals that while small amounts of gold are present,
the predominant yellow hues are derived from dead iron-based pigments. Further investigation

of the stucco confirms a composition characteristic of the Serpotta school, with calcite and gypsum
as primary components and quartz as a minor component. Environmental dust analyses also indicate
significant lead levels, raising concerns about the chapel's preservation and cultural heritage
degradation. These findings are crucial for guiding conservation efforts and deepening the
understanding of the chapel's historical and artistic significance.

114


mailto:santino.orecchio@unipa.it

X1l Congresso Nazionale AlAr

Insights into the wall painting pigments of theDomus di Ariannain
Pompeii. Progressin the framework of the Arianna PRIN project

S. Brizzi(" ), S. Vettori(?), 1. Osticioli (°), B. Salvadori(®), L. Chiarantini(%), D. Magrini (), C. Riminesi(?

(® National Research Council, Institute of Heritage Science (CMT), Via Madonna del Piano 10, Sesto Fiorentino (FI), ltaly
(b) National Research Council, Institute of Applied Physics (@R&C), Via Madonna del Piano 10, Sesto Fiorentino (FI), Italy
(c) Center of Electronic Microscopy and Microanalysis (MEMA), University of Florence, Via G. Capponi 3r, (Fl), Italy

* Presenting author
sofiabrizzi@cnr.it

The remarkable polychromies of the wall paintings of Dleenus di Ariannaoffer an example of
Roman art, particularly notable for their stylistic diversity and complex color composition. The
Domus di Ariannas one of the largest in Pompeii and it results from the union of two independent
houses, which had various uses over the centuries, including wool production and the creation of
aesthetic products such as perfumes and unguents [1;2]. This study pragidéess into the
identification of wall paintingpigments (especially red, yellow and blue hues) by molecular and
elemental analysis. The study was carried out on rsianoples duly taken from different rooms of

the domus dating from different Roman periods, after a preliminary examination usinggartdbl
nondestructive techniques (portable digital microscopeXRF, ERFTIR and FORS). The
stratigraphy was examined in cressction by optical microscopy, and characterized by rRdHiR

with FPA imaging and micrRaman mapping. In addition, maps o tlemental distribution were
obtained by scanning electron microscopy with energy dispershay Xpectroscopy (SEMDS).

The results of the comparative analysis of the different wall paintings found in the domus reveal
similarities and differences inehground layers, pigment palettes, and periodic artistic techniques,
which are critically discussed in relation to the literaturs][3

nF B

Image of a wall palntlng sample in cressction observed with optical microscope (left) and distribution map of Pb,
Fe, Ca obtained with SEMEDS (right).
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Thousands of papyrus scrolls were found during an excavation campaign commissioned by King Charles of
Bourbon between 1752 and 1754, in an impressive building délladiei Papiriin the town of Herculaneum.

The uniqueestimony of the history of ancient Greek philosophical schools, contained in these papyrus scrolls,
waspreserved thanks to the carbonization by the very high temperature32@0QC) of pyroclastic materials
deriving from the welknown eruption that destroyed Pompeii in 79 AD. Whileboaization preserved the
papyri, the extreme environmental conditions severely deformed them, often making them indistinguishable
from pieces of burned wood. From their discovery, they underwent several mechanical and chemical
treatments aimed at unroljnunfortunately without great success, until the invention of the Piaggio machine

in the mid18" century!. With this tool, most of the scrolls were mechanically unrolled, were glued to pieces

of cardboard and kept inside metallic framssrici). Fram 1925 they are preserved in th#icina dei Papiri
Ercolanesiof t he Nati onal Library AVittorio Emanuel e 11
of information of the Greek philosophical schools, reading the texts contained in the papyri is fundamental for
the knowledge of the philosophical histoBach papyrus piece, and consequently every papyrus roll to which

it belongs, has its own peculiarities that involves addressing highly heterogenous morphologies, making textual
reading challanigg: among these are to be mentioned their complex morphology (in term of thickness, folds,
planar/not planar surface), highly complex stratigraphical layeringgbed sovrappostiand sottoposti
produced/due by the unrolling varying degrees of carbonisation and the quality/preservation state of the
hidden text.This contribution shows an overview of the outcomes obtained in the framework of the ERC
Advanced Grant 88522@reekSchool#’, by showing the adopted mutéichnique experimental approach
aimed at enhancing the text readability of unrolled pagyré results of multband technical photography,
high-resolution infrared digital microscopy, macrery fluorescence mapping and hyperspectral imaging in

the shorwave infrared (SWIR) allowed the enhancement of the papyrus readability, providing heaV tex
progresses and a better overall knowledge of the studied papyri, with a completatyasive approach.
Indeed, the high corast images obtained with high resolution infrared microscopy and technical photography
in the visible, neainfrared and ultraviolet ranges (VIS, VISr, NIR, UVL) provide the first systematic and
high-resolution documentation of the Herculaneum collecttamdreds of pieces) and, at the same time, a
preliminary reading of the texts. Legibility enhancement was then achieved with the use of SWIR hyperspectral
imaging that allowed the identification of a large number of words, increasing our knowledgeedtt thie t

about 2030% (Fig.1). Furthermore, by using macreray fluorescence imaging, several metallic residuals
were detected on the papyri, probably indicating the presence of impurities inside the inks or in the support
preparation, and, in some caség, writing layout of the page was detected (Fig.2).

Further studies will comprehend images processing and multivariate data analysis in order to better investigate
still open issues, such as the reading of texts ondis®.
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Figure 1. Papyrus Herculanensem 1018 cornice 2: (a) VIS image; (b) high resolution IR digital microscopy image
detail; (c) SWIR hyperspectral image detail.

L (c)

Figure 2. Papyrus Herculanensem 1021 cornice 1: (a) VIS image; (b) NIR 1000nm image detail: XAV map;
(d) SWIRhyperspectral image detail;(e) high resolution IR digital microscopy image detail.
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Since 2013, the University of Padua has been conducting archaeological excavations in the
Phoenician and Punic necropolis of the ancient settlement of Nora in Sardinia (Bbrét2D20).

In 2023, a particularly intriguing context within the necropolis wagstigated, where a patch of

pure slaked lime was found in stratigraphic correlation with a Phoenician tomb dating back to the end
of the 7th century BCE. These findings suggest that the pit was used for lime slaking, a process
triggered by the additionf water to quicklime (calcium oxide), producing hydrated lime (calcium
hydroxide). Archaeometric techniques, including Polarized Light Optical Microscopy aag X
Powder Diffraction (XRPD) analysis, were employed to characterize the materials and ggocess
associated with lime production. The investigation revealed remnants of underburned mollusk shells
(Ostrea edulid.. andMurexsp.) and, in particular, a prevalent concentration of red c@alsllium
rubrumLinnaeus). As these materials consist predominantly of calcite and aragonite polymorph of
CaCO |, it is highly probable that they served
Archaeometric evidence of shell calcination is exceptionally rarthe Mediterranean, and no
consistent pallels exist for coral calcination (Dilaria 2017). Beyond the distinctive use of these raw
materials, the chronological context represents the earliest scientifically verified instance of
calcination in Sardinia and potentially one of the oldest documecdsds in the Western
Mediterranean. Historically, lime has served diverse purposes, from construction materials such as
mortar and plaster to applications in agriculture and water treatment. This discovery provides a
valuable opportunity for further deladl comparative studies, particularly to examine the potential
relationship between lime production and the funerary and ritual practices within the Phoenician
funerary tradition.

The lime patch enriched under burnt remnants of corals in the Necropolis of Nora.
References

Bonetto J., Bridi E., Carraro F., Dilaria S., Mazzariol A. 2028 necropoli fenicigpunica di Nora (Sardegna, Italia):
nuovi dati dagli scavi 20£2018,in Actas del IX Congreso Internacional de Estudios Fenicios y Pyriitésda, 1047
1064.

Dilaria S., 2017, Costruire ingegnosamente riutilizza
Aquileia tra eta Repubblicana e Tarda AntichRaudar European Journal of Roman Architecture2555.

120


mailto:vitogiuseppe.prillo@phd.unipd.it

X1l Congresso Nazionale AlAr

Archaeometric Analysis on Vegetal Inclusions in the Mortar Samples
of Roman Aquileia

Y. Tsfoni ("3, S. Dilariagh, M. Secco¥?), M. Gleba {)

(@) University of Padova, Department of Cultural Heritage (dBC)
(b) University of Padova, Intebepartmental Research Center for the Study of Cement Materials and Hydraulic Binders (CIRCe)

* Presenting author
Yardenjessica.tsfoni@studenti.unipd.it

Analytical examination of mortar samples from various sites in Roman Aquileia has revealed the
presence of vegetal inclusions, raising intriguing questions about their role in ancient mortar
production (Dilaria, 2024). Research specifically focused ontakgelusions in ancient mortars is
scarce and dispersed globally. Furthermore, to date, no systematic studies have been conducted or
the vegetal inclusions in ancient mortar samples from beyond mere documentation of their presence
(Stefanidou et al. 20)2This gap presents a unique interdisciplinary opportunity to deepen our
understanding of ancient mortar production techniques. This study addresses several key questions:
1) Were vegetal inclusions in lime mortar introduced intentionally, or were thegeatal (e.g.,
incidental inclusion of straw in aggregate materials)? 2) What types of vegetal inclusions are present?;
3) What potential functions might these vegetal inclusions serve in mortars? 4) In which types of
mortars (e.g., structural, coatings,floor preparations) were vegetal inclusions deliberately added,
and for what purposes? To explore these questions, the mortars were primarily analyzed using
Polarized Light Optical Microscopy. Intentionality of vegetal inclusions was assessed bygcreatin
abundance thresholds of fiber inclusions detected through Digital Image Analysis under optical
microscopy. The findings suggest that intentionally added vegetal inclusions were primarily detected
in renders and plastering layers (e.g., vpalinting teabrium). In contrast, fewer instances of
intentional inclusion were observed in floor and mosaic substrates or structural mortars. Additionally,
Scanning Electron Microscopy coupled with Energy Dispersive Spectroscopy-EBERYanalysis
revealed in some cas the presence of framboids mineralization, within the vegetal inclusions. These
deposits may indicate anoxic conditions that mortars experiencedlgqmssition, raising further
guestions about the relationship between mortar production practices arehuinenmental
conditions in ancient Aquileia.

Thin section photo under cross polarized light of vegetal inclusions found in a mortar sample from the ancient sitéaof Aquile
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Funerary paintings on the facades and interiors of ancient Macedonian tombs made under the reign
of Philip Il and Alexander the Great represent the most significant examples of monumental art during
the late Classical and early Hellenistic period. Thesguenlargescale compositions offer the
opportunity to investigate the ancient painte
iconography. Within the MOLAB facilities provided by the IPERION HS consortium, and as part of
the research pregts REVIS (funded by the Hellenic Foundation for Research and Innovation) and
H2I0SC (funded by the EU), the Xray Lab of the GNB®C in Catania helped the characterization

of the largest and most famous Classical painting, the Hunt frieze of the fa¢hed& omb of Philip

Il at ancient Aigai (Vergina), NE Greece.

Nornrinvasive mobile MAXRF and XRD scanning were combinedsitu to infer on the spatial
distribution of original inorganic materials. Results confirm the use of a rich gamut of pigments.
Particularly, elemental and mineralogical data suggest the prefanmugesual Cu, A$ased minerals

with greenish hues, possibly from local supplies. -MRF imaging also evidenced iconographic
details, now scarcely visible due to the poor state of preservation of the pictorial layers.
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MA-XRF (left), MAXRD (centre) and technical photography (riglat)the Hunt frieze

122



X1l Congresso Nazionale AlAr

FEN o f
o %

Archaeometric study Etruscan Coarse Ware from Northern
Apennines (8'-4™" century BCE): Preliminary Results.

L. V@IlEe CahdikbanCadppdcciGhiuc.oMnEgldhiC. Tr €viS.a hRed nl eor i

(4)stituto di Scienze &EelstPatFd@®memitd n@einttwr alie ;StOMR a, Archec
Spettacol o (SAGAS) (DiUmawvteirment oddi FStremiza.Cul t urlé) sQiivtiutto d(iL
Chimica dei CompostRi Bigmamntmemant o cdi; €NiRenze della Terra

* Presenting author

|l isa.volpe@ cnr. it
The Apennines, between the Renotwal Bepgeandoi @a
valleys (in the south), have always been a str
especi al | y' Abnedt Wdmant4d hye BCE. Al ong t hesKeaivhaula ey
Mar zabotto in the north and Gonfient.i i n the

The PRIN 2022 project AAPENNI NESCAPE. Mar gi na
the Reno an®ienhe Babkayi dimitirlieenmsi udurB Gd ftdcel
Etruscan Apennine settl ements and their pr o

archaeol ogical findings.
Within these contexts, thesaabénshend r®l enip
archaeometry, particularly in the reconstruc

consumpti on.

Accordingly, an extensive collection of coar ¢
Mar zabotto [ 1] and Gonfienti [ 2] was selecte
compared to-gfliomes avad elsl g3k ,sytshemati € anbagke
information on the | ocal production processes
These samples undeswehtopetsogdapbi antdhlimmyner e
di ffractometry (XRD) to identify their petro
parameters [ 4]

Il n addition, a sampling campaign of <c¢clays 1ide
creating experiment al briquettes. These have
reference groups from exutstliogal idceuradas e[ 5 ]n.

Ref erences

[ 1§9. Govi, Kainua (Marzabotto) (2023), 516, DOIl: 10.756
[ 2A]. D oGoantfii,ent i : |l "insed{2amea})p Btvobomee, roman2022),
M. C. Nannetti, V. Minguzzi, E. Zantedeschi, E. Esqui |
(eds), Marzabotto. La Casal 1matedd iaallRi@Fg( 20 IBNS DHBBHBu |l a 2
4 [ 4] G. Mont ana, Ceramic raw material s: howmetral 0@y
petrography, Archaeological and Aadohdo6padd »>@R1BBAM Sci en
[ 5] R, Braga, M. Tirtei), C. Trevisanell o, La ceramica
Of ficine e artigianato ceEmimiicanmetir asiVil de!lllV Appenlno n:
I nternazionale di studi sulla cultura m®Dtienimane dt9r wsd
2019) (210728,) ,| REBND BB-8 .

123


https://onesearch.unifi.it/primo-explore/fulldisplay?docid=39sbart_almap71132563940003302&context=L&vid=39UFI_V1&lang=it_IT&search_scope=AllResources&adaptor=Local%20Search%20Engine&tab=default_tab&query=any%2Ccontains%2Cgonfienti
https://onesearch.unifi.it/primo-explore/fulldisplay?docid=39sbart_almap71132563940003302&context=L&vid=39UFI_V1&lang=it_IT&search_scope=AllResources&adaptor=Local%20Search%20Engine&tab=default_tab&query=any%2Ccontains%2Cgonfienti
https://doi.org/10.1007/s12520-020-01130-1
https://doi.org/10.1007/s12520-020-01130-1
https://doi.org/10.1007/s12520-020-01130-1
https://doi.org/10.1007/s12520-020-01130-1
https://doi.org/10.1007/s12520-020-01130-1
https://doi.org/10.1007/s12520-020-01130-1
https://doi.org/10.1007/s12520-020-01130-1

X1l Congresso Nazionale AlAr

FEN o f
o %

Acknowl edgement s

We acknowledge financi al supp®esi uineece t Rlea n
Mi ssion 4, Component 2, I nvestment 1.1, Call 1
Mi ni stry of University and ReseaNext C&MuU&n at if o
Project Title APENAhNESEGEAPE: aMdrpgrodluction pr
the BiSSenwzi oval |l ey dsimd tlrl ientndCudtiu rBiGnyD 2 heegB 0B 10t0 0 0
Assignment Decree No. D. D. n. 969 adopted on
Uni vendi Rgsaarch ( MUR) .

124



XIll Congresso Nazionale AlAr

Preserving PaperBased Cultural Heritage: Non-Invasive Techniques

and Protocols for Assessing and Restoring flooded Ancient Books
T.C. David (3), F.A. Pistt (9), S. Porcti (%), P.C. Ricct (9), C.M. Carbonarb(?), J. Kodri¢ (P), D. Chiriut (*+9)

(® Dept. Of Physic&Jniversity Of Cagliarii Cittadella Universitaria 09042 Monserrato (GAjaly
(b) AlIma Mater Europaea Ecnlubijana (Slovenia)

* Daniele Chiriu
Daniele.chiriu@dsf.unica.it

Nowadays most of the books and documents pre:
issues. The risks to archival assets can stem ¢temical, physical, and biological phenomena, as

well as from human factors such as insufficient preventive conservattoration measures and
inadequate protectidfl! Additionally, in recent decades, there has been an increase in the number

of extreme natural events such as torrential rains, flash floods, and other disasters due to climate
change, further heightening the vulnerability of archival assets. Unforturthieelyossibility of such

adverse situations recurring remains a severe réality.

In this study, we examined the impact of direct immersion in various water solutions on different
types of paper and how this immersion could affect their degradation. We prepared several saline
solutions to replicate varying degrees of salinity associatétd common hydrogeological
phenomena. Our focus was particularly on investigating the effects of salt on the crystalline structure
of the paper.

Typically, archival materials exposed to hydrogeological phenomena undergo processes to remove
salt.Consequently, our primary objective was to determine whether these washing processes are truly
essential and whether samples can be shielded from further stress.

The study was carried out using optical techniques such as luminescence, reflectivity, and Raman
spectroscopy. These techniques, as well as beingestnuctive, can be portable so they are suitable

for carrying out in situ measurements, making them éaspply and very useful in the field of
cultural heritage.
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Figure 1: Analyzed samples
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The archaic shipwreck of GighG@ampese, discovered at a depth of 50 meters off the coast of Giglio
Island (Tuscany, Italy), datésck to the early 6th century BCE (5800 BCE) and represents a key

piece in reconstructing trade routes across the Tyrrhenian Sea during the Archaic period.

The story of its discovery and archaeological excavation is long and complex but since riggegin

in the 1960s, the origin of the ship has been debated, as both an Etruscan and Oriental/Greek origin
might be invoked taking into consideration the location of the shipwreck site and the cargo
composition. In this framework, a new archaeometric stfdgome of the geomaterials found,
namely metal ingots, lithic anchors, and ferrous conglomerates, was conducted by a multidisciplinary,
scientific team. Copper and lead ingots were analysed by-BB#® and ICPOES to characterise

their microstructural anadthemical composition, and by TIMS to determine their lead isotope
signature, which suggested that the most probable origin of the raw metals is the Eastern
Mediterranean region. The lithotypes and possible provenances of a set of anchors were investigated
by petrographic analysis, in order to test the hypothesis according to which the ship had stopped at
Giglio Island to load anchors made of the local granite. Most samples resulted to be made of effusive
rocks, which are not compatible with the geologyhefisland. Finally, a set of amorphous Huased
materials, whose original shape is not legible anymore due to the high corrosion and the presence of
calcareous incrustations, were analysed bsayXtomography in the attempt to reconstruct their
original shape and function. In some cases, it was possible to identify the original profile of the iron
objects, and complementary XRF analysis allowed us to determine their elemental composition.

In summary, this multidisciplinary archaeometric study of differgaomaterials provided an

i mportant contribution to the currently ongoi
light on the possible provenance and trade routes followed by the ship, which seems to come from
the East Mediterranean. This ogenew perspectives on maritime trade networks in the Archaic
period.
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Nyayangais an Early Stone Age archaeological site in Kemgaorted as the oldest Oldowan site
known (3.02.6 Ma) The site includes an assemblage of pounded and flaked artifactsafnade
guartzite, quartz, rhyolitegnd granitaused agercussive toolstogether withremains of hominins
(Paranthropussp.) and animal fossils (hippopotamids and bovids) with cutmarks indicating butchery
activities The artifacts from Nyayanga were analyzed by 3D optical profilometry for their
guantitative usevear analysis, aided by qualitative microscopic observations of the archaeological
traces and postepositional alteration3.he surface topograplof the stone toolwasanalyzedrom

3D modelscreated by profilometry, obtaining a setmmbrphometric parameters (roughness, peak
height, valley depth, etcthat werethen treated by multivariate statistical analy3ise findings
allowed discriminatinghe different functions of the stone tools for processing animal tissues (bones
and soft tissues) and plants (underground storage organs)dingindications on early hominin
technological evolution and dietary strategiémm a methodological point of viewhe pros and

cons ofguantification by profilometryvere disclosed. Standardization of theasurements and data
processing methodare much needed currently, tagher with moreinvestigations focusing on
archaeological materials and not jostexperimental replicas.
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Mykonos Castle is a coastal citadel on the homonymous island of the Aegean Sea in Greece, built
and developed from the ®&entury under the rule of the Republic of Venice. Nowadays, only ruins

of its towers, churches, and perimetral walls sunigiowing the abandonment of the area begun

in the 19" century. The sections of the stone walls still preserved, now a few meters away from the
shore or partly underwater, offer an excellent opportunity for exploring the impact of processes of
salt weathering from sea spray and seawater infiltration. Thtslwation presents the fieldwork and
preliminarylaboratory activitieof a study focused on the properties and decay mechanisms of the
historical building stones at Mykonos Castle, organized with the following research directions:
petrographic characteation of the main building materials (gneisses, marbles, granitoids, etc.);
classification of their decay patterns; analysis of thgare salt contentonstrained by wall
orientation, height, and distance from the shore; monitoring and quantification of surface erosion by
micro- and macrescale 3D modelling (optical profilometry and photogrammetry) and morphometric
analysis. The outcomes of this reseaanh expected to help better comprehending the intensity and
rate of salt weathering in coastal budirilage and its vulnerability, also in view of the environmental
stresses brought about by climate change with increasing storms and sea level rise.

L St - B0 € =
The castle structures on the W side dethils of the building stones
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This work presents a muithodal investigation of the two wall paintings created by Perugino dbrings st ay
in Fl orence betwdarnstl Happead 14B61 t htehe&€enacol o
t hGruci f14«9®n at Santa Maria Maddal ena de-i Paz

di sciplinary team with the goal of wunderstand
the techniques and material sous®edomnntlce esat uady
and how they were used by the painter in two

The combination of direct observations and t
i nvestigat-iomasusengchnentific techniques (the
of evidence cdriseg famamy pes ndtoonsechdmuaant e rmaztee

pigments used, and the observation of the sur
into the realization of these paintings, and
choices emplacyndcerbyntdhédri s coll aborators. Bet v
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Peruging Crucifixion, 1496, 812 cm x 480 cn Peruging Last Supper, 1486493, 794 cm x 435 c|
Florence, Santa Maria Maddalena dei Paz: FIl orence, ex Conven
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Due to their fragility, polychrome <coll ectic
exhibition. Textiles, for example, can fade wi
only tiny remnants of origisaudypyolgspeoimgl | ¥h
reconstruct the original appearance, and t hi

generations are priorities for the preservat.
I n this <cohueded phej edit PERCEI VE (Percepti v

collections through AI and virtual experi ence
studyi ng, reconstructing, v iorltluveaclt i roenrsd earnidn gd i e
The project hi ghlights five scenarios (Lost
paintings,; fading colours in textiles; col or
speci fic neenlesntand troe quatrt er identify suitab
community, <citizens and creative industries.
The project methodology will focus on:

. Reconstructing the original perception of t
considering the original environment al i nfor |

. Predicting the future development of color ¢
. Using the results of the reconstruction and

(the experience solutions) and finalising m
coll ections.
Expected outcomes include new services and toc

educator enabling the adoption of PERCEI VE te
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The authentication of early 20tentury paintings represents a significant challenge, because of the
increasing number of fakes entering the art market. During this period artists began using both
innovative materials and new techniques, driven by tleodesy and synthesis of new molecules by
scientists [1]. This study illustrates the application of-destructive and micrdestructive analytical
techniques, including Raman spectroscopy and reflectance spectroscopy, for molecular identification,
and Scaning Electron Microscopy coupled with EnerDispersive Xray Spectroscopy (SEM

EDX) for the characterization of the elemental composition. The application of these analytical
techniques provides a scientific basis for detecting forgeries through thdicdéon of materials

used in this specific historical period.

Several artworks dated at early the 20#mtury and coming from private collections, were analyzed

to verify the consistency of the materials used with those documented at the time. A key finding was
the detection, primarily through Raman spectroscopphtifalocyanindased pigments [2] used as
green and blue pigments in some of the analyzed works. Their presence was confirmed through
colorimetric measurements, comparing the spectra with those acquired from standard samples.
Notably, these synthetic pigats were commercially introduced only after the 1930s, making their
use incompatible with authentic early 2@#ntury paintings. SENEDX further supported this
conclusion by highlighting the absence of chromophores and elements typical of inorganmpigme
commonly associated with that period. Similarly, some of the analyzed works displayed pigments
consistent with the first decades of the 26¢mtury and therefore could be deemed authentic.

In conclusion this study highlights the importance of combining analyteciiniques to resolve
issues related to the identification of fake works of art, which are widespread in modern and even
contemporary art.
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MY -FORTLANDS has as its general objective the knowledge of the fortified landscapes that have
marked the territories of southern Italy, with particular attention to Basilicata and georttedrn
Apulia, betweenlate antiquity and the Middle Ages, both as generatorsof new political-
demographic models aras markers oprofound territorialtransformationand as arecosystem
around whichthe mobility of goods, people and knowledge gravitated. This dimension will be
explored starting from th@othic,ByzantineandLombardformsof defensewhosematerialtraces
areoftenevanescentp to the fortified systems of the Norm&8wabian and Angevin periods. The
research will be carried out two geographicakreas:a) inland areasof Basilicata(Bradano,
Basento, Agri, Sinni valleys); b) centralnorthern Apulia (Monti Dauni district, Gargano
promontory, Ofanto valley and coastal district north of Bari), as areas with key communication
roles between the inland territories and the coastal areas=@RTLANDS proposes to stimulate
a "real" interdisciplinary dialogue, through th&ynergic action of researchunits which are
diversifiedin theirspecificobjectiveqUNiBAS, UNIBA, CNR) and study methodologies, but which
converge in the achievement of the same objectives. Fottfiedcapeandtheirstructurearethe
spatial representatiorof land occupationstrategiesfor strategic purposes and/or territorial
domination, and their understanding necessaelguires an integrated and multidisciplinary
approach for thanalysis of thenanenvironmentelationship with regard to defense systems and
territorial organisation, exploitation of resources, supply of materials and circulation of goods,
dissemination of knowledge regarding the production of artefacts, components and building
techniques and tharganisation of construction sites. The need to contextualize the environmental
and climatic scenario of the fortified landscapes and to define the feedlieatimismsbetween
thephysicallandscapandsettlement dynamiagquiresthe studyof themorphologicalorder and
thehistoricalroad network, thanalysis of historicadources, intensive stratigraphic archaeological
investigations on sample cases, ke of methodologies typical of landscapehaeology, analysis
of land use, thetudy of building knowledgand the elaboration of atlases of building techniques
on a sukregional and regional scale. Privileged indicators for tracingniblgility of goodsand
knowledgearebothbuilding materialsandceramigoroductsfor whichthe archaeometric approach
based on mukanalytical experimental protocols will be used to identify places of supply of
resources, their use and technological kimmw. The dissemination of the research data will be
entrusted to a wellatabase with operceess levels and to a Geographical Information System
(GIS). o = S B ® e o,
The architecture of MyFORTLNDS ol i o N
project. The three milestones are
depicted with different colors. For each

milestone are specified the reseauctits
involvedandthetypeof experts required.
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The SENSORI A project (Alnnovative Systems for
Heritageo) represents a multidisciplinary ini
humanistic expertise to address the challenges assbuidtethe conservation, enhancement, and
enjoyment of cultural heritage. This project stands out for its innovative approach, based on the
dynamic interaction between humans and the exhibition environment, with particular attention to
museums and streettaEnergreenup, the promoter of this initiative, aims to develop advanced
technological solutions that are both inclusive and accessible, capable of meeting the needs of the
most vulnerable groups and ensuring a comprehensive experience for all visitors.

At the core of SENSORIA lies the ambition to developovative tools and methodologies for
monitoring environmental parameters and assessing the conservation conditions of cultural assets,
while simultaneously ensuring unprecedented physical and sensory accessibility. The complexity of
the challenges in thifield is addressed through an integrated approach, combining the use of
advanced analytical technologies with the adoption of inclusive dissemination systems. The project
includes the creation of an integrated environmental monitoring and diagnossim ¢kiat not only

collects essential data for preventive conservation but also optimizes the environmental comfort for
both the exhibits and the visitors. The collected information will be processed and made available
through a digital platform, thereby pnoting dynamic and informed heritage management.

A significant example of application is the experimental monitoring at the Archaeological Museum
of Ancient Capua and the Mithraeum, where a network of small, visually unobtrusive sensors will be
installed. These devices will measure, in real time, passisuch as temperature, humidity, and

gas concentrations (PM, $ONOy, VOC, CQ, ¢€) providing <critical
conservation status of the exhibited works. In parallel, SENSORIA also deals with street art, a
contemporary art form that reigeis specific monitoring interventions to assess the effects of air
pollutants and climate change. Studies conducted highlight how chemical and physical agents can
accelerate degradation processes, making timely and targeted actions indispensablerforgprese
these works. Comparative analysis of the collected data will help identify temporal variations and
plan conservation interventions based on scientific evidence.

Another crucial aspect of the project concerns inclusivity and dissemination. SENSORIA aims to
make cultural heritage accessible to an increasingly broad and diverse audience through the creation
of inclusive pathways and interactive digital platforms. Tieehnologies developed include
applications for mobile devices, 3D projections, and data representation systems that facilitate the
understanding of scientific processes related to conservation. At the Archaeological Museum of
Ancient Capua and the Mitheam, an audivideo guided tour accessible to people with disabilities
will be created, featuring content designed with an inclusive perspective. This initiative seeks to
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combine art and science, offering a new perspective on the application of technologies to cultural
heritage and fostering a constructive dialogue between different disciplines.

Thus, the SENSORIA project represents a model of excellence in the sustainable and innovative
management of cultural heritage. Its implementation will not only contribute to the preservation of
works of great historical and artistic value but will alsonpote greater awareness and participation
among the public. Through collaboration among experts in archaeometry, environmental science, and
the humanities, SENSORIA lays the foundations for a new era of accessibility and enhancement of
cultural heritage, wterpinned by sustainability and innovation.
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Introduction: The museumis recognizedas a public institution responsiblefor creating
opportunities for democratand participatorgulture. Inmuseum practicearticipations applied

in avarietyof settings: it can be used simultaneowslgxclusivelyfor social activismas a method

of audience developmeant a toolof empowermentMuseum'sgoal isto achieve and develap

way to improve empowermeirt socially exercisedanddevelophow museumexperiencegan
contributeto theactive training and education of visitors. Concepts such as cultural citizenship,
participation anéngagement, are rooted in the theoretacal ideological frameworks that define
the museum as a communicative and social institution, within the democratic society.

State of the art: Currently, museums are encouraging integration with technologies to increase
engagemenrdndactiveparticipation.However,it is not easyand,in this perspectivetheuseof a

Web App based on the Bring Your Own Device (BYOD) methodology favors active learning by
visitors.Simon(2010) identifies four modelsof participation: contributory, collaborative,co-
creative and hosted where the collaborative relationship in vg@iople become active partners

of institutions. Dahlgren (2006) describeghe concept of engagement as subjecsiates,
indicatinga mobilized, focused attention on some object. Based on these theories, Lotina (2016)
integrates museum and audience perspectives and defines engagement -agmp pnwacess
combining the performanagf both the museum and the active audidmgeesponding to the
stimulusof engaged partieand initiatingnew actionswith the aimto improvemuseumwork,
enhance thexperiencer make a difference on a larger scale in society.

Methodology: The methodology that will be used will be oriented towards the use of new
technologies and psychological evaluation. A Web App, based on the Bring Your Own Device
(BYOD) methodology, will be proposed where the user can choose a specific type of storytelling
basedn the profilechoserby theuser.This will allowfor an immersivexperiencandco-creation

of the museum experience with the aim of promoéingagement and emotional resonance. This
methodologyis basedon four main theoretical aspects:active visitor involvement, positive
emotions, psychological welleing and educational potential.Asegards psychological
evaluation, psychometric tests will be used to evaluate emotional resonance, engagement and the
skills and knowledge learned during the visit.

Conclusion: In the museum context, immersive storytelling uses engaging and multisensory
narratives to connect visitors with the works, spaces and stories of the museum with the aim of
stimulating and involving the visitor in an active and emotional way.Accordinggerential
learning, sensoryand narrative immersion allows visitors to learn through actions. In this
perspective, emotionahdpersonatonnectiongo storiesin museum®n personaluniversaland

socially relevant themes can foster resite and activecitizenshipin visitors, promoting
engagement in the musewaxperience and the common wiéling of society.
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The conservation and documentation of coastal regions and underwater cultural heritage (UCH) are
essential to protect history, maintain tangible traces of previous human existence, and ensure
sustainable access for future generations. The TECTONIC pfdgtinological Consortium for the
Development of Sustainability in Underwater Cultural Heritage) fosters collaboration among
professionals from various sectors, including academia and industry, such as conservators,
archaeologists, geologists, biologistsngineers, experts in underwater activities, etc. This
multidisciplinary approach addresses existing challenges in the marine field with a focus on UCHs to
devise sustainable and innovative solutions [1]. The main objective is to facilitate the exchange of
knowledge to improve and evaluate innovative practices, techniques, and materials for the effective
documentati on, conservation, and management (
include: (1) researching, documenting, and mapping selected;@Hkeveloping decisieaupport

tools for assessing UCHs risks in changing environments; (3) establishing conservation study
protocols; (4) creating accessible robotic technologies for the UCH inspection; and (5) increasing
public awareness and understeny of UCHs. Each of these objectives is designed to promote
sustainable practices, fostering growth in cultural tourism and coastal development by leveraging
research outcomes. This work aims to present the results achieved at one of the underveities pilot
studied within the TECTONIC project.
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The SOUTH project idesigned to carry out a comparative study on the degradation of stone materials
typically found in submerged historical and archaeological sites. This research focuses on testing
innovative formulations aimed at protecting these materials from biofouylimghbitoring the growth

and progression of damage over time. The monitoring phase will be automated through the use of
advanced image acquisition methods, processing techniques and machine learning algorithms, which
will help to minimize the noise of imageaptured underwater and facilitate the analysis of microbial
growth based on data collected from both laboratory and in situ tests. This automated approach will
enhance monitoring efficiency, allowing for the assessment of materials without the ngtddb e
samples from the aquatic environment at specific times. The primary objective is to analyze and
compare damage to various stone materials exposed to seawater over an extended period while
assessing the efficacy of new protective formulations aghio&tuling. Initial pilot tests will be
conducted in the laboratory, followed by validation at an ideal submerged site located in Southern
Italy, within the Mediterranean region. The solutions developed and tested within this framework
could potentially b applied to other historical and archaeological sites across the Mediterranean
facing similar conservation chall enges. Thi s
experimentation, commencing with a comprehensive review of existing litefat8}ealso showing
preliminary laboratory results.
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The new study, presented here, on the anchors in the possessioSafrineendenza del Maveas

possible through an extensive censiaaloguingand documentation activity which made it possible

to understand the numerical consistency of the possession and understand its value, also going back,
through the archive material and not only, the places of discovery. These data were then merged into
a dgital mapping through the G.1.S. system. which with its specific applications allows you to view,
organizeanalyze and represent the spatial data known about the findings which have allowed more
detailed research on ancient Sicilian navigation, routes and ports. All this has brought out how
anchors, often underestimated material, can become a "significahbfpté museum itinerary of

thei Museo del Mar e e del" WhchiNsmonitogpeera.i one del |l a S

Figura 1- Ancora litica FigureC2ppo di ancora plumbea
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Mazarr - -n || i's BMaszhipwnech fowneddoDtmadfedMumcitad
(Spai n) t hat wa20kXchyatbhe NatUUndP8watMers eAmclo
(ARQVA) [1]. The wreck was dated to the Phoeni
2.25 m with a main cargo of 2.8 t of Iitharge
cage was built itho Bpoat eoott ht meatsimiap and ant h
archaeol ogi cal findings wer e stored at t he
conservation studies alerted about the mul ti
defensiand adgepwwheck [3]. Consequently, an ex

taken action during the 2024 being now a da
ARQVAtec Labdreastdiynavmndear tr eat menus.i "Ag nrearh o d e
anal yses wtre cikd evrotoidf yc hemi c al el ements cont ami
conservation actions was developed. Different
anal ysed usirnagy af |puoorriceasbcl ednhce odbetvai ned data wer
to assess similarities and differences betwee
met als concentrations in some pieces that wil
repted procedur e may be useful for speci al
archaeol ogy.

Portable Xray fluorescence analyses carried outMiazarron Il.
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Fumiers are |l ong and complex sequences of in
They are typically found in many caves and 1
Neolithic period in the Medyteomaneanobabunn:
and plant remains, interpreted as the resul't
The repetitive and systematic combustion pro
mul tiple | ayveasswdibemendi atyncharacteristics, r
This study highlights the changes occurring
di fferent facies, as well as in the mineral oc
the fuRipaso,aGlabaated in Piazzina di Mar tign
technique employed in this research is Four
analysis was conducted on 11 sedi ment sampl e
arelmdogical | evels datable to the Early Neoli
walls at the center of the shelter) [ 2]
Ant hropic calcite is a form of calcium car bon
is used in ceramic production This type of
of crystallinity comparétd DO dedfgeneat c &bcmt
crystallinity can be assessed using transmis:¢
of particle size from atomic order, effecti’
calcites o[ff3]t.heThcer ywssteal | i nity index aims to d

within the various sampl es.

To support theafFTpRwdesuditsfr &cti on (XRPD) ar
techniqgue enables the identification of secor
on of the sample. UhtzxohcdémsFOhR &ydcxl

fracti

was demonstrated that spectroscopic methods ¢
caused by thermal alteration. Additionally, a
not onlayitatiga analysis but also for quant.
di fferent calcite phases present i n the sed
intelligence and machine | earnfidn]g. techni ques,
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This study focused on a Roman waterlogddies cephalonicdarunk to evaluate the effects of
melamineformaldehyde (MF) resin treatment on archaeological wood and its implications for
heritage preservation [1].

Analytical techniques, including FTIR, solgdate’*C NMR, Py(HMDS)GC/MS, and EGAMVS,

were used to investigate changes in the woodb©o
the formation of amide bonds, significant lignin modification, and further degradation of the already
deteriorated cellulos&olid-state'>*C NMR confirmed the deep penetration of the resin into the wood

and strong chemical interactions between the MF resin and lignin, with retention levels increasing
with the degree of woodegradation. Py(HMDSEC/MS analysis showed that the lignocellulosic
matrix had transformed into a new biopolymer, with almost no detectable lignin or cellulose pyrolysis
products. EGAMS indicated an increase in thermal stability of the treated woodtsbcihemical
composition was entirely altered compared to fresh or untreated archaeological wood.

These findings demonstrate that MF treatment irreversibly modifies the chemical structure of
waterlogged archaeological wood, compromising its authenticity andtéong preservation. As
such, the treatment is deemed unsuitable for the conservationusbthkritage objects.
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This research examines the molecular degradation ofB&&bld waterlogged chernPfunussp.)

and oak Quercussp.) woods samples retrieved below the O Areal archaeological site in Vigo, Spain
[1], by applying FTIR spectroscopy [2] and analytical pyroRGG-MS [3]. This aimed to
understand changes that arise from prolonged acidic, waterlogged burial in manshneents.

FTIR spectroscopy enabled to identify significant changes in lignin and polysaccharides, showing
that cherry wood experienced more severe polysaccharide degradation, while oak wood showed
changes in both lignin and polysaccharides. These results werarehfivith PyrolysisGC-MS,
detecting depletion of polysaccharides and altered lignin structures in the ancient and waterlogged
woods, with each species showing different degradation patterns.

By combining both techniques, we gained a clearer understanding of how lignin and hemicellulose
degrade over time, particularly through oxidation and breakdown of key structural components. This
approach demonstrates the effectiveness of FTIR and pw&@¢MS in detecting wood
degradation, offering critical insights for archaeologists and conservators into the preservation and
analysis of waterlogged wood artefacts and ecofacts.
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Climate change's impact on stone heritage is a critical concern for scientists in cultural heritage
preservation. Despitefforts to establish accurate recession rates [1,2], this field requires further
research. Stone deterioration studies have primarily focused on physicochemical processes,
neglecting crucial geometric and morphometric aspects of surfaces. However, pleete @® vital

for preserving the cultural significance embedded in the 4tiireensional forms of monuments,

which have implications for cultural legacies and the sustainable management of heritage sites [1]. o
advance knowledge on these aspects, latwyraests simulating environmental conditions are being
conducted on samples that replicate traditional architectural elements from VignolateritGily

treatise Regola delli cinque ordini d'architetturaThe study examines five carbonate rock types
commonly used in Mediterranean cultural heritage: Carrara and Sivec marbles, red Verona marble,
Nanto stone, and Istria stone. Surfaces are monitored before, during, and after climate simulations
using a multanalytical approach, including spectrophotomedoanning electron microscopy, Ron
contact profilometry, 3D digital reconstructions, and watetface interaction analysis.

This methodology aims to provide detailed insights into degradation rate processes across diverse
stone types, surfaggeometries, and climatic conditions, enabling the development of degradation
models applicable to various cultural assets and geographical zones. This research is crucial for
identifying vulnerable cultural heritage elements, facilitating the planningiofity conservation
measures and mitigating deterioration processes. Managing historical areas demands new approache:
that consider decorations and ornaments as integral parts of the urban environment.

This research is conducted within the framework of the M3DEA project, funded by the Marie
S k g o d «wrig Kctions postdoctoral programme. The project's outcomes aim to provide valuable
insights for developing targeted conservation strategies and enhpobiigawareness of loAgrm
preservation challenges in managing cultural heritage legacies amidst climate change.
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The conservation of works of art depends on t

the objects that are hosted inside buildings
in outdoor environmentiscals @ahamoactegmuienitciec o f o ft
as its ther mal capacity and absorbing power,
relative humidity.

I n this work, we consider the indoor and outdc

in Tornimparte (AQ) where an ar l0&€eo nbeyt rtilce sl
Association of Archaeometr wa(tAlvler )c ommednmhbt e rosn st oo
the apse depicted by the Renai ssance painter
campaign was performed [ 2].
The microclimatic conditions were measured at
one i Aua Indearrg positi-anr asdt eneThe pneseern wor
indoor and outdoor micme cdtianaitdtci calndiind eness |
are: a) the Performance I ndex (PI), b) the 1In
Mi croclimatic Variability (I MV), d) the Nor ma
ratiop(RENnd f) the minilrmwend rma cirwsp oafesnever

The results show that all the indexes can di s
However, the | ME, I MV, and NDR are also sensi
Among the indexes, the I MV seems to describe
using both temperature angendl|l ani védehtmireisthyl
standards or the curatorsod experience. The in
mi croclimatic conditions and they could be 1in
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The history of local communities and their areas alosg many roads dotted with anecdotes worth
reading again and again and, in some instances even rewriting so that their memory may be preserved.

Over the course of two centuries, on the edges of the lines that steadily filled the rural corners of
Europe and the world, a vast heritage accumulated. This consisted of mobile resources, such as
travelling materials (locomotives and wagons), immovabtédge such as railways and industrial
buildings (stations, booths, workshops, factories of various kinds) and immaterial heritage made up
of the onsite experience enjoyed by individuals and groups who contributed to radically redefining
the founding elments of human geography, people and landscape. In Sicily, the decommissioning
resulting from the mass motorization and deindustrialization of the territory (1950 led to the
abandonment of railway complexes in a more widespread fashion than elsdwFast although it
persists in holding the record for the island with the largest railway endowment in the Mediterranean
(1,370 km), it is also the first Italian region in terms of abandoned linear kilometres (approx. 1,500
km). The contribution propes a hypothesis of revaluation and redevelopment in line with objectives

7 (clean and accessible energy), 8 (decent work and economic growth), 10 (reducing inequalities), 11
(sustainable cities and communities) and 13 (fight against climate change)ui'th2030 Agenda

for Sustainable Developmerkinally, the project relies on a transnational partnership made up by
scientific and nosprofit organisations based in the UK, Brazil, Spain, Malta and Cyprus.

The Contessa Entellinads (Pa) station
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Di agnostic investigations are essential for t
t o the -ahritsitsotriiccaner i tage, particularly in the
widely wused in Renaissaaftieomn.d ™XHiXs cethndmue yi
cul tur al heritag and constitutes a significa
a UNESCO Worl d Heritage Site in 1982. However
det eoinomdtiPi etra Serena, Il ncreasing the risk
|l oss of cultural heritage but also poses a da
I n response to these issues, It has been dev
techniques to monitor the decay of Pietra Ser
and the public Over theaecidentei ghttheaFspreh
pl aced beneath balconies and eaves fell, incl
Basilica, caused by the detachment -bdsta ucttor
techni qwgs | (B ultrasonic and Schmidt hammer
conservation of the stone el ements.

This approach has been applied to seS8anséddbnmnis
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techniques, supported bycdlabamrdtpatyr cdgruadp heisc |
detailed investigation of the stone materi al
measurements obtained are inserted into a ref
weak poistablamdeluements in the stone. Further
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comprehensive understanding of the material 6s
The collected data were organized in an appl i
(localization, mapping, description of degrad
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Cli mate change poses a significant threat to (
i mpact the structure and composition of ston
interventions [ 1]. ltnhnevdthievef methedsendi mbr
effects of this phenomenomRearct Cwint Praaelp r NMesckintt ds
hiplbtenti al geochemical tool , based on the 1
processes [2], including weathering, RWRhacthi cm
Pat h Mowiellll ibneg applied to study the weatherin
emphasis on carbonate and granitoid materials
environment al conditions, bot ha gexmptos.e dl nt e epdo,l
CO ct aas aggressive agents of deterioration o
to achieve its objective by Reambi oinn ¢ amihehMicad e
traditional di agnostic protocol, to identify
cul tur al i nterest. Four pil ot sites were sel
Casignana (Reggio CalatMaidaoannand et he | Chamel nof
for studiaetse osnt ocnaersbonwhi | e the Castle of Squi l
at the MuTerr of Soriano Cal abro (Vibo Valenti
characterize the stone materi adisnganddattah efior dw
simul ations. Environment al studies have al so

dat a -®2030)3 on monthly average precipitation

monitoring statiiolnet ssittuatledl] neAddietaichn al dat &
composition are being analyzed to refine the

These inputs enable weathering simulations
condist.i oThe expected resul ts of t his researc
weat hering processes in Cultural Heritage sto
climate scenari os.
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MCM4 1, part of the M41S family of mesoporous
exceeding 1000 m)J/ g, making it highly effecti\
mi croparticles were tr eat edde vveiltolp Taena-callnetai ami Begr
device. The o0il was both encapsulated and cov
postafting reaction, enhancing i1its biocidal
mi cropafltti bkeessewd in air filtration systems t
presence through the oil 6s biocidal power .
MCM4106s hexagonal , uni form mesopores make it
adsorption porosi metry, whi ch uses nitrogen
nondestructive, detail ed analryesai, s usfi ngomB& Ts it 2
BJH method. These techniques are crucial for
applications.
Il n this research, gas adsorptionddpbobesomet agoc
functionalizati on, revealing changes in pore
insights efah@ncei IMCMati on ekefpieci amadyeranangr oy
postcrafting reaction with tea tree oil, cond
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An integrated approach to the conservation of two Mariano Rossi
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Objects of this study are two'!Wantiamy, Rroepsri e pan tr
of the Magi and Nativity of Jesus (Figure) and
The scientific investigation of the techniques

col or o@omd epaenting style r-epgesehte @an foandamen
conservation and restoration strategi esi.nvlians itvhe

(mul tispectral I Al vnevsatsii gvaet | EOBAESD) 8§ | agnddeRs Bl @t r o s c o p
here successfully employed for the investigatio
of the artwork wuseful for restoration and cons
most eofhrthst's palette was also achieved, as we
The obtained results, other than constituting a
ti me useful for chartalcta&lrli zMagi ama Rompiar pngduw
obtained in this study, coupled with a full pho
been entered in a properly designed ttelthnd ac@mnii tdi
tool) and ending (the recording method) point o

Adoration of the Magiil ammd dNAM7v6ads),t Malo7h6adh e s R S S
References

[ INN. Bevilacqua, L. Borgioli, Il. Adrover Garci a, I pigment
2010; | SBN: 9788863360905
[ 2. Falcucci, Le metodiche della diagnostica, 1in: M. Carc
materiald] per |l a storia dell'"'arte e pdrlb6ISBNCOBBHFHBR2d2i6@nN ¢
[ M. R. Derrick Met hods in scientific examination of art:
998

r
Angel es, 1

154



X1l Congresso Nazionale AlAr

Microscopic techniques and analytical approach to characterize
constitutive materials and techniques of Mariano Rossi paintings
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The study of academies of art in Europe has
institutions in the training and support of art
the first official art academy in Europe.
Mari ano RossI {274 Dccteortbeerr 118708371) was a San Luca
poor parents in Sciacca, Sicily. He trained fir
considered one of thefgpaeaanmeshgexmonderet secontdhd
working mainly in Sicily, Campania and Lazio.
The present study is probably the first attempt
has been pursued by studying at | east nine pain
Rossi, in order toegeweael wt ipogrm pefr iitnsimditntoinng ht
correlations between his work and the cultural
50¢€) of smal | and big Mariano RossIi -gpnaa I nyt ti i ncgas
approach.-madahghari acgioc al characterisation of t he
assessed using light (LM) andrayamine mgamralegs i ® n(
with SEM and Fouriewomstopysform infrared spectr
The multimethod and historical approach were c
aut henticity of the analyzed paintings through
met hods of application.

Drawing of the paintindccacandmeEatiat idam SamondRBoeasd b
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I n the field of historic buildinhgegl itrhge mgruo @dr
a highly relehamt  ngpirefptp. tBeltthe mortar's

formed calcium carbonhite poobtessngadalmageaf 2l
aut onomous andheaaultiongge.n cAish @sndolifog si sedlfves t he

intentionally incorporated into the mortar to
mechani d4ims [B, contrast, autogenotheahealbi pgoc
inherent to the materi al [ 3]. This project, a
studying the-haal omgmepuopeelktiesdiacinewdd atdidn a u
rice husk (RH) and natur al hydraulic | ime ( NI
effectiveness of these adidhitgheblBymit swiot enandow
iwer e empl oy edhetad i ;migmwsicetnears elsf. Mechanical <co
hygrot her mal anal yses were conducted to asse:

results demonstrate that organi c encaplsiud q@.t i
Organic encapsulation achieves this by relea:
i mmer sion providing the most effectivepaéecowaae
crack filling due to hédeslowiletaenasecompwsi i
structur e

SEM i mage of NHL with organic coa
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Biotechnological restoration potential of the bacterial communities of
three distinctively damaged mosaics from the coastal Calabrian area.
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Mosaics are complex structures where tibgseraeare usually obtained from sedimentary stones,
mainly limestone. Stone deteriorates through time, by the means of natural weathering and anthropic
influence, causing physical, chemical and aesthetic damage to the Cultural Heritage (CH). The
biodeterioratioa of mosaics refers to undesirable changes in a material caused by the activity of
(micro)organisms, but the expression of specific microbial metabolic patterns can determine the
biodeteriogen or bioprotectacondition of a given microorganism [1,2]. Biodeterioration control as

so far been limited to the use of chemical biocides, that cause negative impacts on the environment,
human health and mosaics, hence, the use of natural products derived from miisomguch as
biosurfactants as eddendly alternatives is encouraged for their specificity, effectiveness,
biodegradability and low toxicity towards people and the wildlife T8le bacterial communities of

three distinctively damaged mosaics from Yhka Romana Palazzi of Casignana (RC, Italy) were
characterized to establish the correlations between bacterial community distribution and damage
category, and evaluate the CH restorative potential of selected bacterial strainGeNerdtion
Sequencingvas deployed to assess microbial community structure and diversity, algfpeadent
techniques were used to isolate biosurfagpmatiucing bacterial strains. Oil spreading tests, drop
collapse tests and microplate assays were used to determine tbdabtast production and
emulsification ability of isolated strains [4,9]he three mosaic communities shared a common base

of stonegrowing, coastal and biosurfactgmmoducing strains adapted to the climate of the site and
their differences could be dictated by damage categories in terms of microclimate variation. 128
bacterid strains were isolated, and 56 were sequenced and affiliated to the Bacillota (75%),
Actinomycetota (17%) and Pseudomonadota (8%) phyla. 50% of the strains displayed biosurfactant
production and emulsification activity. New green and innovative product for restoration may be
obtained from the isolated strainsd biosurfac
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Since ancient times, wood has been used for a
tools to the construction of buil di ngs, dwel |
Archaeol ogical wooden arft d€fhaectesv odrudd eornv eo fa mpais
essenti al to undertake appropriate recovery,
study and accessibility.
Upon discovery, waterlogged archaeol ogical wo:
porous, and chemically altered. The goal is t
museums. To achi eve ttyhpiisc,alal yc oanns oa g udeaonuts isso luust
(PEG). This method tiegxiro,buand melvatrisvdly, eonom
decades, some disadvantages of wusing PEG have
f arhe preservation of wood.
This presentation will showcase case studies
evaluating its advantages and disadvantages.
currently wunder i nvestigatiioc!| bdi ndiet kei anei
hall oysite nanotubes.

Lorgerm PEG mobilisation and recryst

Ref erences

[1] M. Broda, C. Hill, Con&pawtat imprme sodntwadred |fowtgerde dxnrds pect i
DOI 10.3390/f12091193

[ 2] K. E. High, K.E. Penkman, A review of analytical methods
and their application in pe3act iDOd, 1HeCD-MBBgPeR 4DAI9eAince (2020) ,
[ 3] Y. Fors, F. Jalilehvand, M. Sandstrom, Analytical Aspect:
Sciences (Z®21) DO27,107&8316/ analsci.27.785

158



*

XIll Congresso Nazionale AlAr
Palermo 12-14 Febbraio 2025

Documenting ancient stone quarries: a multiscale geometric survey
for the study of the extraction site of Le Grotte (Populonia, Italy)
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Since 2024 the Department of Cul tur al Her it a
mul tidisciplinary research project aimed at t
of Le Greouber bs notmdermaen Egirtuescafn Popul oni a (Pic
extreme interest considering the significant
for approximately 5 hectare®)f ame thacexsceolfl a
activity, such as pick and wedge mar ks, separ
et ¢.] ?[ The project aims to analyze the quar
exploitati os and tkehnhiogues wused by the quar
extracted from it. The first step of the pro
geometric survey of the entire extrrawxdy) oac tairw
in fact, the quarry is currently | ocated in t
covered by vegetation. I n addition, the quarr:
upper parts dreeaohabliesibtemanhe ground. Furt
inclined. To overcome these diff tsccualltei easp, p rtohae
combining sever al techniques: total sstcaatnina m gs
and manual survey. The final aim is to obtai
detailed plans and sections of the different
To date, this multipddalde iap ptrhoea cshu rhvaesy hoefe nt haep
revealing its efficiency in fulfilling the pr
Orthophoto of the central sector of the quar
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3D scanning, microscopic and radiographic analysis to study the
Ripatransone treasure: the largest European hoard of daggers from

the ancient Bronze Age.
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The Treasure of Ripatransone is the largest European treasure of daggers from the ancient Bronze
Age, discovered in 1888 in Contrada Castellano di Ripatransone TA&Je bronzes document the
existence of a craftsmanship of considerable technical complexity and intense trade. Given the
importance of the discovery, it is essential to provide the tools and the opportunity for anyone to
admire the finds, even if only Wirally. 3D scanning is currently the fastest technology for three
dimensional reconstruction and is increasingly used for the protection and restoration of historical
and archaeological finds. The digitization of cultural heritage offers the possibilpyesérving
physical finds through a virtual copy, protecting them from damage, deterioration or loss over time.
It also ensures that the valuable information contained in the finds is acquired and archived. Digital
scanning ensures that even in the eeémtamage, deterioration or catastrophes, digital versions of
objects survive, thus preserving the historical and cultural heritage for future generations. Digital
replicas also offer the possibility of easily sharing and making the finds accessible idetidwugh

online platforms and digital resources. In this work, we therefore decided to exploit 3D scanning
technologies to create accurate digital models of the objects. Once digital models were created, it was
possible to use 3D printing to produce picgl replicas of these objects for use in exhibitions, but
also for study and conservation purposes. The scanning was carried out with thesbigtion
structured light scanner EinScan Pro HD, which allowed an accuracy of up to 2 tenths in the
reprodution of surface details. In addition to 3D scanning, the daggers were subjected to both
radiographic investigations, which allowed to better highlight the casting defects such as dripping
and porosity, and to optical microscopy, thanks to which the corrgsitinas, decorations, traces of

use and reworking were better highlighted.References
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Recent survey technologies for 3D digitisatio
information of archaeol ogical sites and monum
times. I n particul ar, sruercveenyti nagd vbaansceeds o nn |tahsee ri
have all owed the devel opme#tti mef amgliiilse tspat @m
documentation of architectural and archaeol og
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The funerary area of Saint Bartholomew's Church in Terravecchia of Caltavuturo was the focus of an
extensive excavation campaign conducted by the Soprintendenza per i BB.CC.AA. di Palermo
between 2017 and 2019. The campaign was directed by Dr. Rosa Maria Cucco. The archaeological
investigation was enhanced by a comprehensive anthropological studyteexecpartnership with

the Anthropology Laboratory of the University of Palermo, under the scientific leadership of Prof.
Luca Sineo.

Through the course of this project, cuttiedge digital documenting strategies that are founded on
photogrammetry were implemented. This technology allowed-tfireensional modeling of burial
structures, stratigraphic units, and excavation phases. Taggogrsurveys and DEMs were created
from the 3D models, providing a detailed and accurate archeological context.

The digitalization of data enabled the development of comprehensive and current excavation
documentation and also increased the value of the archaeological site by the online publication of 3D
models on the Sketchfab platform. This method of disseminatiodered the research findings
available to a broad audience and introduced new perspectives for the virtual musealization.

The virtualization method was likewise applied to anthropological studies. Skeletal remains of
specific interest underwent photogrammetric scanning to producedsghution 3D models. These
models were employed to examine the preservation conditiore dfahes and to provide a digital
archive for subsequent research. Additionally, the 3D models were incorporated into the curriculum
of the Funerary Archaeology course (2024, Luca Sineo and Francesca Meli) providing students with
a distinctive opportunityto examine and understand the archaeological material using digital
technologies.
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The archaeological record often hinges on the interplay between visible and invisible. A third
category, the "no longer visible," regards archaeological evidence obscured by the passage of time.
Calvario site, within the Monterozzi necropolis of Tarquif\éerbo, Italy), is an example of this

kind of contexts. Excavated extensively by Ing. Carlo Maurilio Lerici Foundation since 1950s, the
site reveals multiple occupation phases, from the Final Bronze Age settlement to the Hellenistic
Roman period: durinthe last frequentation phase, the area was characterized bgiggarranean
tombs. Because of the absence of paintings an
excavated and numbered, but archaeological data remain almost unpublishiesditantbs are now
invisible and no more accessible.

By leveraging digital technology, we bridged the gap between the "no longer visible" and the
documented evidence, reviving a forgotten context. Through meticulous archival analysis of
cartographic sources, their vectorization, and structural and archateahalysis using historical
photographs from the Lerici Foundation, we reconstructed a-timsnsional environment that
allows for the rediscovery of this lost site, as showed in the picture below.

To share this discovery effectively, we employed modern museological techniques and social media
platforms like Sketchfab and Google Earth. These tools, when used in conjunction, provide viewers
with the opportunity to explore and understand these vanisbetexts and their historical
significance. Furthermore, 3D printing technology has enabled us to create tangible representations
of the virtual reconstructions. These physical models offer a tactile experience for museum visitors,
particularly childrenfostering engagement and learning through hamdexploration.

N

Tombds Structure Captation
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A preservation campaign is underway at Politecnico di Tooima collection of instruments for
didactic purposes and research from 1920 to 1960, including electrometers, voltmeters,
amperometers, galvanometers, and more, by means of in sitovasive analytical techniques.

X-ray fluorescence (XRFBpectroscopy allowed to identify the multimateric composition meanwhile
the identification of the corrosion products was performed by Raman spectroscopy, in areas with
different exposure to atmospheric corrosion. The photogrammetry was employed tohresate t
dimensional models representing the instruments that integrate data from UV luminescence and
visible light into a single 3D representation. In order to enhance the accuracy of the models of such
shiny and reflective objects, the reproduction technégmployed polarised light, thus reducing errors

due to threalimensional reconstruction and obtaining a more realistic effect when sharing [1].

Figure 1- Instruments for electrical measurements, object of the preservation campaign
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As highlighted in 2022 in the report AStrengt
of the EU Open Method of Coordination (OMC) expert group of Member States, cultural heritage
continues to be at threat due to the increase of intengityfraquency of the impacts of climate
change [1]. This reports evidences also the still existing lack of a coherent and EU standardized
methodology for the acquisition of quantitative data on the decay and loss of cultural heritage, that
would be a fundammal prerequisite for supporting the adoption of joint strategies and creation of
effective policies addressed to safeguarding cultural heritage at risk.

Within this framework t he -HOB Iezh@olgids fdr opite angd e c t
remote collaborative enriched monitoring to detect structural and chemical damages in cultural
heritage assetsod aims to devetha putpaformsicarrerg | | i ¢
technologies, improving the conservation, analysis and monitoring of European cultural heritage [2].
By focusing on the three scales of monitoring (artefacts, buildings and monuments) and by
investigating structural and chemicadage on heritage materials, ChemiNova tackles the impacts

on cultural heritage caused by two specific huamaluced threats: climate change and civil conflict.

Using artificial intelligence, the project aims to develop innovative andeffesttive ways bremote

and insitu monitoring of cultural heritage by-tesing existing technologies, based on a user driven
approach and the consultation with stakeholders. The finalization of the system will be based on its
testing and performance evaluation at falotsites: Saint Sophia Cathedtdyiv, Ukraine; Human
Anatomy Section fAEmerico Lunao CoScHloB $chonounn of
- Vienna, Austria; Collection of the University of Valencia, Spain.

The present contribution will highlight the results achieved so far for the creation of thenkmow

in relation to the decay of the heritage materials at the case studies caused by pollution and slow
variations of climate parameters that will constitiite basis for the development of the system for
remote and noimvasive monitoring.
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This study introduces a novel methodology for analyzingaX fluorescence (XRF) data by
leveraging machine learning algorithms to accurately determine the provenance oflasguer
arrowheads discovered in Motya, an ancient Carthaginian strongholdternvggily. Established

by Phoenician settlers in the 8th century BCE, Motya became a key center of Carthaginian influence
until its destruction by the Greeks from Syracuse in 397 BCE. The site's rich archaeological record,
particularly the abundance okaponry found amidst its ruins, offers a unique opportunity to explore
the technological and material networks of the Mediterranean warfare industry.

The research employs a multiscalar and interdisciplinary approach, innovatively combining
traditional archaeological methods with advanasmmputational analysis. Machine learning
techniques are applied to the elemental composition data, facilitating the identification of distinct
geochemical signatures associated with different metal sources. This method aims to enhance our
understanding adncient metallurgical practices and trade routes, with a specific focus on pinpointing
the geographic origins of the raw materials used in the arrowheads.

The robustness of the machine learning models is further validated through the determination of lead
isotopic ratios, providing a complementary isotopic fingerprint that reinforces the provenance
analysis. This comprehensive approach underscores thecgfbifaombining archaeometry with

data science, paving the way for future research in archaeological provenance studies.
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Recently, the application of machine learning and artificial intelligence has demonstrated the
powerful impact of data analysis in evaluating the most significant variables that allow for the
classification of objects or the prediction of results. Thel fadl cultural heritage has also benefited

from these advancements-2] and the MMLARCH project aims to develop predictive and
classification models using machine learning algorithms to analyze archaeological and-physico
chemical data, presenting itsel§ an innovative solution for sustainable diagnostics of cultural
heritage. The data will be collected through advancedimasive diagnostic techniques in order to
maximize the preservation of manufact. The algorithms will be developed to identifyatornel
between archaeological and material data, defining new knowledge and predictive models useful for
future studies. Considering the aim, the project combines archaeology, chemistry, and computer
science, promoting an interdisciplinary approach throeghaboration between universities,
companies, and cultural heritage management institutes. The objects of study include ancient
paintings on stone substrates, coins, and arrowheads, artifacts from sites in Western Sicily
(Lilibeo/Marsala, Selinunte/Caswetrano, S. Pantaleo/Mozia, Pantelleria), the Palermo hinterland
(Caltavuturo), and the centrabstern part of the island (Centuripe), held in museums managed by
the Department of Cultural Heritage and Sicilian Identity of the Regional Sicilian Governmen
Taking into consideration different categories of substrates and characterization techniques, the
training of the algorithms will analyze a wide range of variables. The preparation ofupsetith

known and systematic differences will aid in desigrangodel for the rapid analysis of new objects

and potentially uncover new features for their valorisation.
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The conservation of cultural heritage in critical environments, such as archaeological sites, poses
significant challenges due to unstable thetmggrometric conditions that accelerate degradation
processes [1]. Phenomena such as material disintegratiod, evosion, and rainwater washing
compromise the structural integrity of constructions and stone surfaces. This study presents an innovative
approach based on the use of -&@endly nanomaterials specifically designed to improve substrate
cohesion withou altering their aesthetic or breathable properties [2,3]. Specifically, the synthesis of
strontium hydroxide and magnesium hydroxide nanoparticles for the consolidation of mud bricks is
presented. A Sicilian case study, the mud bricks (fig. 1) of theRsticRoman constructions in the city

of Solunto (Palermo), was selected to evaluate the effectiveness of nanostructured dispersions of
strontium and magnesium hydroxide. The adopted methodology included an analysis of the site's thermo
hygrometric condions, a diagnostic characterization of degradation phenomena, and the synthesis of
nanomaterials tailored to the identified issues. The developed formulations were tested in the laboratory
on mockups, testing of chemicadhysical properties according standards. These results highlight the
potential of nanotechnologies as versatile and sustainable tools for the conservation of cultural heritage
in critical contexts.

Fig. 1 Archaeological area of Solunto
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The conservation of Cultural Heritage presents a complex challenge that demands innovative
materials capable of addressing diverse needs, including structural consolidation, resistance to
extreme environmental conditions, and moisture control. Geopolyanelass of inorganic materials
formed through the alkaline polymerization of aluminosilicates, are emerging as a promising solution
in this fieldY. This work explores the potential of geopolymers for applications in archaeometry and
Cultural Heritage pservation, focusing on their unique properties and versatility. Their high
mechanical strength makes them suitable for reinforcing degraded materials such as natural stones,
ancient bricks, or historic plasters. In addition to their structural capahiligeopolymers
demonstrate exceptional resistance to fire and*hegteir inherent thermal stability allows them to
maintain structural integrity even under prolonged exposure to temperatures exceeding 1000 °C,
providing an effective barrier against theal degradation. This characteristic makes them
particularly valuable for safeguarding historic structures in-gn@ne or hightemperature
environments. Geopolymers also offer significant potential for moisture control, thanks to their
controlled microprosity, which enables selective moisture adsorption. This property can help
stabilize humidity conditions in museum environments or preventive conservation contexts,
mitigating the impact of relative humidity on the deterioration of sensitive artifalots.amalysis
presented is supported by experimental tests, including mechanical, thermal, and chemical
characterizations such as 4R spectroscopy, thermogravimetric analysis (TGA), and scanning
electron microscopy (SEM). Preliminary results indicate texpolymers, beyond their broad
applicability, can be tailored to meet the specific requirements of conservation projects. This work
aims to demonstrate how the introduction of geopolymers into the field of Cultural Heritage
conservation can open new pegsfives, combining scientific innovation with respect for the
authenticity of historical artifacts.
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Here we propose scalable and systematic protocol for the development of biohybrid xerogel using
sustainable and lowost materials, specifically halloysite nanoclay and chitosan. Halloysite
nanotubes (HNTs) are naturally occurring aluminosilicates with a hollow nanatubolphology

and peculiar physico chemical properties, while chitosan is a biopolymer derived from chitin, known
for its biocompatibility and sustainable applications. Starting from colloidal dispersions, rheological
studies reveal the fmation of hydrogels with zershear viscosities enhanced by approximately nine
orders of magnitude and significantly higher storage moduli-ss&tfding xerogels are subsequently
obtained using a simple solvent casting method, with properties, incltitengral stability and
mechanical performance, depending on halloysite concentration.

The resulting xerogel can be exploited for environmental remediation since it was proved to
efficiently absorb organic pollutants. Specifically, good removal efficiencies were reached for the
capture of CQ@ from the atmosphere and organic molecules from aqueous media. Moreover, the
presence of an inorganic skeleton within the xerogels prevents structural collapse during drying,
enabling precise control over their morphology and shape to suit specific @seneeds.

These xerogels hold significant potential for the cultural heritage field, particularly in the preservation
of artifacts and historical structures.
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The corrosion of steel reinforcing bars in concrete structures strongly impacts their stability, causing
the formation of rust and other products that lead to mechanical stress and structural damages, with
consequences both on safety and economics [1]nTdie triggering factor of this process can be
identified in the loss of the passivating oxide layer that is usually present in fresh concrete, due to the
high pH values. This layer becomes less stable while the carbonation proceeds lowering the pH and
is often also worsened by environmentally degrading species such as chlorides.

Corrosion, if in an advanced state, may require invasive restoration interventions but, when dealing
with concrete heritage, this is obviously not advisable. It is, therefore, demanding to preserve the
integrity of the steel rebars ensuring the presemaifdhe cultural asset over time [2].

Commercially available corrosion inhibitors can help reduce or drastically slow down these
processes, but most of them are whether not able to satisfactorily reach the rebar by migrating into
the concrete porosity, like amines, that are usually volatilepotain heterocyclic compounds (i.e.
benzotriazole), that are harmful to operators and toxic to the environment.

Moreover, as in the field of cultural heritage the inhibitor can only be applied on the surface of
concrete and canot cause any vVvisual change,
innermost pores until it reaches the rebars. Thereforeggearch not only aims to seek increasingly
green solutions that are effective and safe to use, by identifying new inhibitors for steel in concrete
heritage, but is also focused on the synthesis and validation of carrier systems that can deliver these
inhibitors through the concrete matrix and release them upon environmental stimuli (pH change,
presence of chlorides) [3].

The current research began with validating some corrosion inhibitors after 5 years of treatments, a
particularly relevant analysis as these tests are usually conducted over shorter timescales. To evaluate
their efficacy, corrosion products on therface were analyzed using a mualtialytical approach.

The testing of protective molecules is also being carried out by means of electrochemical tests.
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Within the framework of the SAMOTHRACE ecosystentijjs://samothrace.gythe IPCF is
developing flexible and eesustainable devices based on Sudanbanced Raman Spectroscopy
(SERS) for norinvasive sensing of pigments, dyes and alteration products in Cultural Heritage
materials [1]. These devices are based on cellulds&trstes derived from biomass waste, which are
transformed into flexible sensors by depositing Ag nanostructured thin films onto their surface.
Pulsed laser deposition process was optimized for this kind of substrate, while alternative solutions
employingAg colloid nanoparticles (NPs) are under investigation. Key parameters influencing SERS
efficiency, such as NPs size, substrate morphology and roughness, were investigated using SEM,
UV-VIS spectroscopy and micqarofilometry to assess optimal conditiofifie SERS activity was
evaluated using Rhodamine 6G (Rh6G) solutions at different concentrations against different types

of paper, revealing a | ower detection |Iimit o
SERS device calibration, alternaiwnontoxic and natural molecules were also explored: among
these, violacein, a colorant derived from bac

identical conditions.

Following this step, a sensor holder prototype was designed to integrate with various Raman
spectrometers, including both portable and benchtop configurations. The system (sensor + sample
holder) was then validated through extensive laboratory testingidiihis phase, moelp samples
simulating realWworld conditions were prepared to evaluate the sensors' sampling capabilities on
different background layers such as wood, canvas, and plaster. The system successfully allowed to
collect SERS spectra for ange of pigments and dyes, including ochres, brazilwood, methylene blue,
and indigo carmine, among others, demonstrating its potential fegit@rand nosinvasive
applications. By extending their use to realrld artifacts, we aim to gain a more comprediea
understanding of the systembs capabilities ai
sustainability which includes multiple aspects, such as the use -dfiedly materials (from the
substrate to the probe molecule), manufacturing @ portability, and nanvasiveness.

References

[1] D. Giuffrida, D. Spadaro, V. Strano, S. Trusso, M.L. Saladino, F. Armetta, R.C. Pontersy&amable and flexible
SERS platform based on waste cellulose decorated by Ag nanopahiatesials Chemistry and Physi¢2025),329,
130061 https://doi.org/10.1016/j.matchemphys.2024.130061

AcknowledgementsWe thank European Union (NextGeneration EU), through the MURPNRR p8j¢&tOTHRACE
d Sicilian Micro and Nano Technolodyesearch and Innovation Center (ECS00000022).

177


mailto:dario.giuffrida@ipcf.cnr.it
https://samothrace.eu/
https://doi.org/10.1016/j.matchemphys.2024.130061

X1l Congresso Nazionale AlAr

FEN

PVA-Borax Hydrogels in Restoration

E. Barberi, A. Tumminello, F. Palia

University of Palermo, Master Degree in Conservation and Restoration of Cultural Heritage, and Laboratoriy of Biology and
Biotechnology for Cultural Heritage STEBICEF via Archirafi 38, 90123 Palermo Italy
* Presenting author

franco.palla@unipa.it

In this study the removal of undesired not original and altered layers have been performed by an
highly elastic gel whose removal from the surface occurs by peeling, therefore through a mechanical
action and without the need od further component.Theséadjafsto the category of responsive gels,

and due to their mechanical properties, no residues remain on the artwork surface after removal.

The PVAborax gels have characteristics that have made them a valid alternative to traditional
cleaning methods, since they:

- have high viscosity allowing that the action of the gel is limited to the desired areas and therefore
to carry out precise and, if necessary, differentiated cleaning;

- are transparent and colourleghe cleaning action can be visually checked during the restoration
so as to verify the response of the materials and have the possibility of promptly removing the gel in
the event of unwanted reactions with the substrate;

- have low adhesive powethe risk in damaging the surface is minimised in the case of particularly
fragile surfaces;

- are malleable and viscoelastiander specific condition they can form very thin films that are able

of adapting to the roughness of the surfaces;

- are highly retentive they reduce the penetration of the solvent into the constituent layers of the
artwork and also reduce its volatility, decreasing its potential toxicity

- have chemical versatilityseveral polar and apolar solvents can be dissolvedsseents inside,

as well as chelating agents and surfactants, therefore, they allow the removal of a very large number
of substances [1].

The aim of this casstudy was the removing of an oily layer, with different degree of ageing, from a
papiermache artwork. To achieve this goal, various solvents and application times have been assayed
preliminary onad hocassembled laboratory specimens, undergoing specific aging cycles, evaluating
possible changes on color surfaces by colorimetric analysis. After having indentified the best gel
composition, (containing green solvent) [2], it was tested on pamehe artwrk. The define gel

acted only a the layer to be removed, without damaging the underlying one. Furthermore, the
elasticity of the gel was found to be adequate for application on adimesasional surface, and no
change in surface color was detected.
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Nanolimes have been introduced in Cultural Heritage to match the crucial request of compatible
treatments of carbonatic surfaces, thanks to their assumed high reactivity in the carbonatation process.
Nevertheless, nanolimes have frequently been disperstrichain aliphatic alcohols, which limit

the particlesd sedi mentation but negatively a
resulting in a low treatment efficacy. On extensive surfaces and in indoor uses, in addition, alcoholic
nandimes would release large volumes of VOCs, causing environmental pollution and human health
risks. By SNAPTECH technologies, new nanolimes in water (NANOLAQ) have been recently
produced, by a sustainable and innovative method (European Patent EP 2880&p&Eting in

water, at room temperature and ambient pressure, starting from cheap or renewable reagents, with
low energy consumption and low waste. NANOLAQ sustainability is attributed not only to the
synthetic process but also to the presence of watedispersing medium, which assures the
completeness of the carbonatation process and an exceptional penetration depth, leading to good
consolidating efficacies without polluting substances. Not lastly, NANOLAQ can be produced in
large volumes, (up to 40hibur), to satisfy ossite applications, for extensive and wide uses on
Cultural Heritage surfaces.

In this work, we present two case studies, aimed at tk@t@rsuperficial consolidation of: a) the

stone facade of a historic Church in Ortigia b) the historic mortar of the graffiti, Carceri dello Steri
Palermo. The effectiveness of NANOLAQ treatmemstevaluated in terms of penetration depth,
surface cohesion (STT), mechanical resistance (DRMS) and SEM microscopic studies.

a) = w —NANOLAQ Treated NO TREATED
% ~ Not Treated Plaster
v el i NANOLAQ
¥ . 5 W TREATED
§ ‘, ,E N et om e et R e B ‘ Plaster
Figure. a) The facade of the Church in the historical center of Ortigia, and DRMS test on NANOLAQ
treated stone surfaces; b) the Graffiti in Carceri d8keri, Palermo and the original plaster, before ad
after NANOLAQ treatments
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X-ray Photoemission Spectroscopy (XPS) is a sw$acsitive analytical technique commonly used

in the field of materials sciencBue to its ability of probing the surface reactivity at the nanoscale
level, XPS can be very fruitfully used also in the field of Conservation of Cultural Hefdagee
assessment and validation of new -eompatible conservation products, and for the choice of
suitable conservation and restoration protoctisthis work, the surface properties smart
nanocontainebased products selected for a sustainable conservation of metallic artverks
reportedlIn order to reduce the toxicity of the commekciarrosion inhibitor (Benzotriazole, BTA),

and also to increase the durability of protective treatméntyclodextrins -CD) were used as
nanocontainerfor a sustained release of the active agent3.[Pure b-cyclodextrins were used to
prepare é-CD/BTA (1:1) inclusion complex and its ethyl derivative(Meb-CD) was studied as
nanocarrier of fethyt1,3,4thiadiazot2-amine (AEDTA), a recently studied ecofriendly alternative

to benzotriazole[4]. The incorporation of these nanostructured systems into commercial
microcrystalline wax (R21) was made to produce an active multifunctional coating with a passive
action as a protection barrier and a rapid feedback activity in response to changes imlthe loc
environment or in the coating integrifihe stimuliresponsive activity of these innovative coatings

on gquaternary bronze substrates was tested by XPS, both befafteardrrosion in a NaCl 3% wt.
solution, simulating anarine corrosion attack.
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Refining Ceramic Rehydroxylation Dating Through Controlled
Preheating and Hydroxyl Content Analysis
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Rehydroxylation (RHX) dating of ceramic materials has turned out to be promising for age determination of
ceramic material§Wilson et al. 2012; Barrett 201,5however, results have not been consistently reliable
across all samples. This study explores the impact of preheating temperature on dating accuracy, focusing on
mineralogical and chemical differences between samples that align with expected dateseatithtito not.
Experimentally, samples that failed to yield accurate dates when preheated at 100°C provided correct results
when preheated at 3000@aspero et al. 2022) o investigate this phenomenon, ceramic and brick samples

of varying ages were characterized usinga) diffraction (XRD) for mineralogical analysis and Fourier
transform infrared spectroscopy (FTIR) for relative assessment of water and hydroxyltemt ebuifferent
preheating temperatu&@hoval 2003; Shoval et al. 201T)he latter revealed a correlation between residual
water content at various temperatures and dating reliability. Ongoing comparisons with thermogravimetric
analysis (TGA) are being conducted to establish a link between TGA curve and water and OH content
determined by FTIR. These findings, if confirmed, may enable a preliminary method for selecting optimal
preheating temperatures, enhancing the reliability of RHX dating of ceramics.
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the production of the Sardinian-Punic coins
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The application of efficient methods to determine the provenance of metals remains a continuous
challenge, particularly when employing techniques that minimize the impact on the object. This is
especially valued in numismatic studies, where researchdra/itleghe small size of coins and the

need to preserve them. However, fa@structive analysis is often considered insufficient in
numismatic literature, as it is limited to investigating the surface of the coin. As a result, invasive
techniques, which elrly compromise the integrity of the artifact due to its very small size, are often
preferred. In this context, lead isotope analysis is widely recognized as the most reliable technique
for tracing the provenance of metals. However, it requires sampiiging the process invasive. In

this study, we compare the results of analyses conducted using betlestarctive and invasive
techniques. In the first case, we propose a method that combines/asive XRF spectroscopy for
elemental composition analgswith data interpretation using chemometric tools such as Principal
Component Analysis (PCA) and Cluster Analysis (CA) to identify key features and compositional
differences. Specifically, 74 SardRunic coins from the hoard, belonging to the 1A serssiibed

by Forteleoni in 1964, were analyzed, and their compositions were compared with existing literature
on coins from the same series, other S@&dnic series (1B series), and other mints. The combined
analysis revealed not only a common origin @ thetal used for the 1A series coins from the hoard

but also suggested a similarity with the metal of other SBrdoc series and a difference from coins

of other mints. To validate these results, lead isotopic ratios were determined for two representativ
coins from the hoard. These measurements confirmed a Sardinian origin for the metal of the 1A series
coins from the hoard, specifically linked to the mines of Boh& study demonstrates the feasibility

of a noninvasive archaeometric approach whileypding essential information about the hoard and

the production area of the coins it contains.
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Terracottas from the Athenaion in Castro (Apulia, Italy): further
insight into the provenancing
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Systematic archaeological research carried out since 2000 has brought to light the ancient sanctuary
of Athena in the indigenous settlement of Castro (Lecce) on the Adriatic coast of the ancient region
of Messapia (southern Apulia). Between the 7th and @wduries BC, local groups, the Greek
inhabitants of Taranto and the Greeks from Macedonia, Epirus and the Corinthian colonies on the
Adriatic met here. From the late 6th century BC, temples and other sacred buildings were erected and
decorated with colatul terracotta roofsMany roof types have been identified on the basis of their
morphological and stylistic characteristics and assigned to the Tarentine workshops, while other
groups cannot be clearly determined on the basis of morphological and stylistic characterigtics alon
[1].

A selection of 20 samples, representative of the different roof types from the Archaic and Classical
periods, have been identified during Hrehaeological study. So, a medinalytical approach, using
Optical microscopy (OM), senguantitative Xray powder diffraction (XRPD), Xay fluorescence

(XRF) and SEMEDS analyses, were applied for petrographic and geochemical characterization of
the mnerals.

Both the crystalline and amorphous fractions were calculated using the internal standard method
applying the Rietveld method. Four groups with different contents of volcanic and carbonate
inclusions were identified by cluster analysis of the petrograpmit mineralogical data. EDS
microanalysis of volcanic inclusions, mainly clinopyroxenes, was also performed and effectively
used to address the origin of the raw materials.

References

[ 1] T. l smael | i, Ri fl essi del |l éarchitettura tarantina
Ismaelli T., Mancini L. (Eds), AthenaionTarantini, Messapi e altri nel Santuario di Atena a Castro, Catalogo della
mostra, MArTA- Museo Archeologico Nazionale di Taranto, MAR di Castdu s e o0 Ar cheol ogi co @A AN
di Castro, Bari, 128.31.

185



X1l Congresso Nazionale AlAr

FEN o f
o %

Project Prin 2020 The Time of Castles: the raw materials for the
production of castle mortars

s. ca(apndEa P@cchli.ofdal vaat iAiri GheduFRnipY o C( A. BAGar@.oni o
Bi anfhi (

(@Department of Earth Science, University of Florence, Via G.
(MWDepartment of History and Cul tural Heritage, University of
(dDepartment of Environmental, Bi ol ogical and Pharmaceuti cal
Casert a, I'taly

(dDepartment of Historical Studies, University of Turin, Pala

* Presenting author

sara.calandra@unifi . it

Archaeometric analyses were essenti al as par
i nvestigates medi aeval-exxatsdrres | tial ycenitm abr e
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True or false? Archaeometric study on theauthenticity of a sculpture

found in 1991 during archaeological excavations in Ustica (PA)
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On the morning of May 21, 1991, during archaec
Bronze Age) on the island of Ustica, under th
Hol |l oway, a small tuff sculpture deplctlng a
reported this as the fie sstc uelxpatmuprlee foofu nad Mind dSi
|l ater, on March 11, 1993, a letter sent to va
placed in the excavation as a prank. This s¢g
def enadeadutthhent i city of the artefact and consid
and Giovanni Manni no, who had carried out exc
mai ntained that the find wahsasi nrdeeneadi nae df ourngreersy
thirty years, with no scientific initiative t
With this study, we announce the start of a mu

clues of the authenticity or f aldsesttyr uocft itvhee eal
anal ysi s usrianyg fplourotft&ibslceeinccei o gt e :

100m 1. The tuff of the sculpture has
(Naal kaline hawaiite) as the tuffs

about 1 km east of the Villaggi o de

2. Some samples ofa,t sflfi gthtdm Mtn.grFRa

modern met al tool s, show <cl ear co
contained I n t he all oys of t hose
contamination on the Holl oway artif

A first provisional conclusion to d

!

no evidence of having been worked
The scul pture in tuff

Further studies are underway to verify the co
beyond that naturally present in the volcanic
Bronze Age tool. Additi cmarlp airrev & shtei greotripdhmd oagri
features of the sculpture with those of si mil
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