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materials science
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interpretation
of the materials

/

archaeology

-use,

-raw materials used (what?)
-manufacturing processes (how?)

conservation
science

understand the history
of the object in terms of:

-dating (when?)

operate on the object
for the purpose of:

-diagnosis
-authentication
-preservation

diffusion, exchange (where?)
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texture analysis

peak broadening
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physical analysis
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Figure 1. Setup with a microscope (a) to sample adjustment along the x, v
axes (position 1) and z axis (position 2). Diffraction experiment (b): (1)
primary beam, (2) monocapillary, (3) sample stage, (4) antiscatter shield, (5)
detector.

X-ray powder microdiffraction for routine analysis of paintings 0

Veronika Simova,* P. Bezdicka, J. Hradilova, D. Hradil, and T. Grygar
Academic Laboratory of Materials Analysis of Paintings (ALMA), Institute of Inorganic Chemistry AS CR,

250 68 Rez, Czech Republic Academy of Fine Arts in Prague, U Akademie 4, 170 22 Prague 7, m‘m : deﬂ-
Czech Republic

Powder Diffraction 20 (3), September 2005

Figure 10. Diffraction pattern of the green layer in sample 5. Celadonite
(phase 1) was identified as green pigment.
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Figure 1. Schematic view of the measurement head of the
XRF/XRD portable system. 1 and 2: laser pointers; 3: x-ray
tube; 4: XRF detector; 5: imaging plate (IP); 6: analysis position.

Figure 2. Photograph of the XRF/XRD system during the 7000 ? |

measurement on a white lead pigment (20-30 um layer 6000 ||

thickness), deposited on a 300-um thick gypsum on a canvas. 5000

The x-ray source is on the right, the IP on the left and the XRF E ‘

detector in between. S 3000
A portable instrument for in situ determination 20001 | | L,
of the chemical and phase compositions of cultural 1000 -“'—’J.L'J {L ’“T?":T“"Jﬁ"———“““-f:‘“’.“ e o
heritage objects+ ] oy 3.0 .S,U.-: (- .::4,.3, B oAl e '%;ﬂ:, —rl
A. Gianoncelli,’* J. Castaing,! L. Ortega,? E. Dooryhée,? J. Salomon,' P. Walter,’ 2Theta
J.-L. Hodeau? and P. Bordet? Figure 4. The IP-derived XRD diagram is given as diffracted
;ff:o%r?‘ri::srechemhe et de restauration des musées de France, CNRS UMR171, Palais du Louvre, Porte des Lions, 14 Quai Francois Mitterrand, intensity {arbitraw UnitS} versus 29 |t co I’responds 1:0

2 Institut Néel, CNRS and Université Joseph Fourier, BP 166, 38042 Grenoble Cedex 9, France

Pb404(304), HoO (JCPDS reference data file 029-0781
?{_ﬁYSSPE:CTRgégB]\Eg%’YﬂB 423 shown) lead white pigment (20-30 um layer thickness),
- pectrom. ; 37 - i - i
Publi!;.he d online 6 March 2008 in Wiley InterScience deposited on a 300-pm thick gypsum on a canvas.
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Fig. 7. Vanation of the SR-XRD peak heights with time (26 for
A= L.6A). The signals are normalized versus the copper signal.
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ANGELINI I., ARTIOLI G.: Studio archeometallurgico di noduli
metallici da Santa Caterina Tredossi. In: Pizzi C. “L’abitato dell eta
del bronzo di Santa Caterina Tredossi (Cremona)”, Comune di

Milano, Settore Cultura Musei e Mostre, New Press snc, Como; pp.
135-140, 2006.
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Aomlied Towards three-dimensional quantitative
Crystallography reconstruction of cement microstructure
IS5 0021-569% by X-ray diffraction microtomography
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Many times we have to deal with precious
archaeological or art works: non invasive neutron
diffraction is very important lll
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Otzi ~ 3200 BC
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Appl. Phys. A B9, 899908 (2007)

Applied Physics A

D0z 10, 10703 30-007-421 5-2

Ilceman/Otzi

G. ARTION
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Crystallographic texture analysis
of archaeological metals: interpretation
of manufacturing techniques

Dipartimento di Geoscienze, Universith degli Studi di Padova, Via Giotto 1, 35137 Padova, Italy
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high energy X-ray scanning

intensity scale
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Johann Wolfgang Goethe ,,[ltalienische Reise “

«...Palermo, Freitag, den 13 April 1787. Vorgearbeitet in dem Steinreiche Siziliens hat
uns Graf Borch sehr emsig, und wer nach ihm gleichen Sinnes die Insel besucht, wird
ihm recht gern Dank zollen. ...Indessen ist sein Heft in Quart, ganz dem sizilianischen
Steinreich gewidmet, mir von groBem Vorteil, und ich konnte, dadurch vorbereitet, die
Steinschleifer mit Nutzen besuchen, welche, friiher mehr beschaftigt, zur Zeit als
Kirchen und Altare noch mit Marmor und Achaten tberlegt werden muRten, das
Handwerk doch immer forttreiben. ... Doch wissen sie aufRer diesen beiden sich noch
viel mit einem Material, einem Feuererzeugnis ihrer Kalkofen.

In diesen findet sich nach dem Brande
eine Art GlasfluB, welcher von del
hellsten blauen Farbe zur dunkelsten, ja
zur schwarzesten Ubergeht. Diese
Klumpen werden wie anderes Gestein in
dunne Tafeln geschnitenn, nach der Hohe
ihrer Farbe und Reinheit geschatzt und
anstatt Lapislazuli beim Furnieren von
Altaren, Grabmalern und andern
kirchlichen Verzierungen mit Gluck
angewendet...».
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«...Palermo, Friday April 13, 1787. Count Borch has very diligently worked before us in the
mineralogy of Sicily, and whoever of the same mind visits the island after him, must
willingly acknowledge his obligations to him. ... Nevertheless, his essay in quarto, which is
exclusively devoted to the mineralogy of Sicily, has been of great use to me; and, prepared
by it, | was able to profit by my visit to the Quarries which formerly, when it was the custom
to case the churches and altars with marble and agate, were more busily worked, though
even now they are not idle. ... But, besides these, they have still another for a material
which is the produce of the fire of their kilns. In these, after each burning, they find a
sort of glassy flux, which in colour varies from the lightest to the darkest, and even
blackest blue. These lumps are, like other stones, cut into thin lamina, and then pierced
according to the height of their colour and their purity, and are successfully employed in the
place of lapis lazuli, in the decoration of churches, altars, and sepulchral monuments. ...»

(English translation from “Goethes travels in Italy”, London, George Bell and Sons, 1885)
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’
I

T -

Sigla Na;O MgO Al;0; S5i10; P05 |K;0| Ca0 TiO; MnO FeO |CoO Ni0O CuO TOT
SMdSO1 2,84 5,75-[] 261 67,02 1,89 |9,03| 10,95 015 017 096 |0,00 0,00 0,00 101,12

% sSMdsO3 0,73 715 3,39 62,52 1,90 |7,07) 16,42 018 0,14 1,08 0,00 0,00 0,00 100,00
E sSMMGS 0,00 317 3,33 63,02 1,26 |557) 1240 030 0,00 1,26 000 012 0,00 96,73
-~ |SMMG10 000 264 442 7416 116 |598| 10,05 029 000 1,57 (000 003 0,12 100,41
= |SMMG11 0,00 3,85 325 6524 1,20 |5585| 13,43 010 000 115|000 0O1& 0,14 95,37
E SNP2 050 5,76 282 6788 1,72 |872| 11,20 012 0,14 1,40 )0,00 0,00 0,00 100,26
SNPS 0,03 280 452 73,5 1,21 |565) 1065 026 0,00 1,76 )000 002 0,11 100,57

= SMSI8 0,02 7897 374 5518 144 |598| 17,38 032 0,00 1,54 )0,00 0,00 0,00 87,57
= |5512 9,64 6,70 12,10 41,68 551 |3,30| 21,93 055 0,09 433|000 000 0,00 101,88
E SS513 2,67 7,00 11,45 40,59 561 |3,35] 23,94 061 0,07 426|000 000 0,08 102,23
9D 15514 2,81 711 11,20 40,03 568 |3,25] 2341 061 010 4111000 003 0,09 101,39
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Sigla Co Cu Fe
SMdSO1 2.52 21.81 527714
ICP SMMG10 3.29 26.73 6 775.62
SNP2 2.92 30.84 5974.62
SNP5 3.46 21.57 7 495.23
SMdSO3 0.96 8.27 1 404.60
ICP-MS S812 1.62 11.63 3 599.80
3 problems:

* the source of silica
* the source of potash
* the origin of blue colour
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Legend

Clays, marly clays and quartzarenites
“Flysch Numidico™ (lower Langhian-Oligocene)

“Scaglia Auct.” (middle Eocene-upper Cretaceous)

Siliceous shales, radiolarites, radiolaritic marls
“Fm. Crisanti” (middle Cretaceous-upper Lias)

s

Mudstones and calcareous marls
=
=

Grained and laminated doloarenites and dolorudites
“Fm. Fanusi™ (Lias upper-Triassic)

“Fm. Mirabella™ (upper Triassic)

Shales, marls, limestones and calcarenites

- Dolostones and calcarenites with nodules and beds of
- “Fm. Mufara” (upper Triassic)
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Domenico Schiavo
Unedited manuscript dated 1756 located in the Biblioteca Comunale di Casa Professa, Palermo

«...Spezzati che abbiano con grossi martelli o picconi que' duri macigni, ed in un luogo raccortili,
preparata infine gran quantita di legna e tra queste della genista e molti fasci dell'erba chiamata
spartum, che in abbondanza ivi nasce, compongono certe camerette a volta delle pietre ben chiuse tolto
che da un sol lato, in cui lasciano un piccolo spiraglio di quattro o cinque palmi per introdurvi le legna.
Rassettata cosi la fornace, v'appiccano il fuoco, proseguendo di continuo pit uomini a vicenda notte e
giorno a buttarvi legna per sei o sette giorni, secondo la grandezza della fornace, fin a tanto che si
calcino perfettamente que' grossi macigni per mezzo di quel continuo fuoco di riverbero...».
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Spartium junceum syn. Genista juncea (Ginestra, Spanish broom)
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plant MgO Cao Naz0 K20
Ampelodesmos {rﬁgﬂi"ttﬂﬂiﬂﬁ 2.00 220 0.69 5.10
(parte sup, foglie)

Am;;.:'efﬁ_rdesmm mauritanicus 219 2 78 0.75 22.54
(parte inf, gambo)

Spartium junceum 11,51 71.40 320 4.69
(totale)
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velocity (mm/s)
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Sample S813
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Blue colour
caused by a
very distorted
octahedral
environment
of Fe*2
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Archaeometry 51, 2 (2009) 197-213 doi: 101111/ 1475-4754.2008.004 1 4.x

THE BLUE ENAMELS IN THE BAROQUE DECORATIONS
OF THE CHURCHES OF PALERMO, SICILY:
FE*-COLOURED GLASSES FROM LIME KILNS#* Erice PPD 2011

G. ARTIOLL' C. NICOLA,> G. MONTANA,* I. ANGELINI,'
L. NODARI* and U. RUSSO*




BLUE tale 3 The mistery of the

‘“avatar” flints

JAE LA A A AE AL A
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1 mistero Ancora pokmich intorno ai repenti darnegeiati,

causa foree nell'imbottituza degli ammadin

Le selci blu messe in quarantena
«Ora stop agli attacchi politici»

Il soprintendente Tiné ribatte a « Naturen: hanho scritto scemienze
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Expo 2015, Verona accelera
Ma per ora i finanziamenti

sono destimti solo a Milano

E

;u .<n
T
ers cokr

ey
s

entads

Addio dl professor Roberto Vecchioni
Se n’e andato uno dei pmmen della chirurgia

S TmRTe
s B

e
b oy
Wi ey a2

e o
1558 034w st
il e

o st e T

Q‘“f) 2 5‘/-
iy 8.2, UNIVERSITA
lts | 3F %t o12)  DEGLI STUDI Centro Interdipartimentale di Ricerca
@\ || x} § AL K per lo Studio dei Materiali Cementizi
) A= <\Q DI I)\l)( WA e dei Leganti Idraulici
0/7 \\\




CORRIERE DELLA SERA '/

stampa | chiudi

LASTORIA | IL COMUNE CEDE DUE PALAZZI STORICI. ARCHEOLOGA: DISTRUTTO UN PATRIMONIO

Verona e il mistero delle selci blu
Venduto 1l museo, marciscono in cantina

Reperti preistorici coperti di muffa. I rischi del federalismo
demaniale

Nel frattempo, tutto il materiale preistorico che non potendo essere esposto per mancanza di
spazio era in deposito parte a Castel San Pietro e parte da palazzo Gobetti, é stato sgomberato dagli
edifici venduti e accatastato in due stanzoni al piano terra e al primo piano dell’Arsenale che magari domani,
ristrutturati, saranno stupendi. Ma oggi sono né pitt né meno che due magazzini semi-diroecati. Cosa sia
successo non si sa. C'é chi ipotizza, come Gilberto Artioli del dipartimento di Geoscienze di Padova, che il
magazzino al piano terra fosse impregnato di qualche sostanza non ancora ben definita. Chi ritiene occorrono
nuove analisi per capirei qualcosa. Chi ancora si avventura nell' immaginare un sabotaggio. Vero? Falso? Si

vedra.

facebook

Ia Rembblica.it Scienze

IL CASO

Allarme reperti Neanderthal
con quella strana luce blu

Un'inchiesta della rivista Natfure punta il dito sulle condizioni di conservazione di alcuni importanti frar
naturale di Verona. L'appello dei ricercatori al ministro Bondi
di LUIGI BIGNAM!

La curatrice della collezione Laura Longo ha declinato ogni commento a Nature, in quanto dal Museo le & stato chiesto di non
parlare sull'argomento. Ma Longo aveva gia mostrato perplessita sul modo con il quale erano stati sistemati i materiali, tant'e che
recentemente aveva chiesto a Gilberto Artioli, un geo-archeologo dell'Universita di Padova di individuare la sostanza che produce
lo strano effetto di luce bluastra sui campioni di fossili. Dalle prime analisi sembrerebbe che i campioni siano stati coperti da una
patina di idrocarburi, forse lubrificanti, che un tempo venivano usati per pulire le armi presenti nell'arsenale. "Ma questo non
spiega il colore blu presente sui reperti”, ha spiegato il ricercatore a Nature. Che dunque deve avere un'altra origine ancora da
determinare. Artioli sostiene che non sarebbe difficile individuare 'altro inquinante, ma questo potrebbe creare una vera e propria
bomba politica, in quanto se si scoprisse che il materiale si trova sulle pareti o sul pavimento dell'edificio vorrebbe dire che si sono
trasferiti i materiali paleontologici senza un'adeguata pulizia dell'edificio.

La preistoria si tinge di blu! & su Facebook.

Registrati su Facebook per connetterti con La preistoria si tinge di blu!

Bacheca Info

Discussioni

La preistoria si tinge di blu! | [£2] 1scriviti |

Foto Yideo Eventi

Teresa Rook I Flinstones si sono accopiatti con i puffit!!!

domenica alle 8,02



Ancient Italian artefacts get the blues

Scientists accuse officials of neglect as chemicals discolour stored relics.

Sciencelnsider

NATIONAL

GEOGRAPHIC
ITALIA

Selci blu, la scienza si mobilita

Breaking news and analysis from the world of science policy

New Molecule Turns Italian Artifacts—And International

Scientists—Blue

by Ann Gibbons on July 22, 2010 2:10 PM | Permanent Link | 0 Comments

C&EN

CHEMICAL & ENGINEERING NEWS

April 4. 2011
Wolume 89, Number 14
pp-32-33

Blue Whodunit

Laboratory

EQUIPMENT,
http://www.laboratoryequipment.com/newws-artifact-staining-leaves-chemical-questions-
040611.aspx

Artifact Staining Leaves Chemical Questions

April 6, 2011

This winter, Gilberto Artioli’s team reported the structures of three new pigment molecules. Because the
molecules came from samples that originated near Verona, Italy, the Univ. of Padua geoarchaeologist
named two of the brilliant blue dyes after Verona’s Shakespearean star-crossed lovers, Romeo and Juliet.
Aurtioli’s dyes are also the protagonists of a drama of their own. And for some researchers, things might
have been better if the pigments had never existed.

Artifact-staining dye structures revealed, but case far from closed

Carmen Drahl



Anal Bioanal Chem (2011) 399 23802393
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SHORT COMMUNICATION

The mystery of the discolored flints. New molecules turn
prehistoric lithic artifacts blue

Andrea Tapparo - Gilherto Artioli - Ivana Angelini -
Gabriella Favaro
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Archasometry w=, s (2011) wn—se doi: 10LTTTLG. 1475-4754. 201 1.005%.x

GAMBLING WITH ETRUSCAN DICE: A TALE OF NUMBERS
AND LETTERS*

G. ARTIOLL't V. NOCITF and 1. ANGELINI'

'Dipartimento di Geoscienze, Universita di Padova, Via Giotto 1, 1-35137 Padova, Italy
*Via Pascoli 3, 20121 Milano, Italy

theory of random permutations tells us that 6 numbers can
be distributed on the 6 faces of the cube in 6! permutations,
thus offering 720 independent combinations containing no

_ repetitions

61/48 = 720/48 = 15
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Etruscan numerals

From Wikipedia, the free encyclopedia

The Etruscan numerals were used by the ancient Etruscans. The system was adapted from the Greek Attic numerals and formed the inspiration
for the later Raman numerals.

Etruscan| Decimal Symbol *

Bu 1 |
may 5 A
gar 10 X
muvaly a0 )
? 100 ¥or

There is wery little sunviving evidence of these numerals. Examples are known of the symbaols for larger numbers, but it is unknown which symbal
represents which number.

Thanks to the numbers written out on the Tuscania dice, there is agreement about the fact that zal, ci, huf and sa are the numbers up to B
(besides 1 and &). The assignment depends on the answer to the guestion whether the numbers on opposite faces on Etruscan dice add up to
seven, like nowadays. Some dice found do not show this proposed pattern.

The general consensus [edit]

Despite the continuing debate specifically about which of huB and $a are "four” and "six", the general agreement among Etruscologists nowadays is
the following: Etruscan Decimal

fu 1
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Numerical assignment

Year Author

1 2 3 4 5 6
1968 Olzscha thu zal ci huth mach sa
1969 Pfiffig thu zal ci sa mach huth
1973 Cristofani thu zal ci huth (sa?) mach sa (huth?)
1976 Savelli thu huth zal mach Ci sa
1983 Bonfante thu zal ci sa mach huth
1984 Pallottino thu zal ci huth (sa?) mach sa (huth?)
1989 Rix thu zal ci huth mach sa
1990 Pittau thu zal ci huth mach sa
1991 Morandi thu zal ci huth mach sa
1995 Agostiniani thu zal ci sa mach huth




Thank you
for your attention !

OXFORD

Scientific Methods
and Cultural Heritage

e application

Scientific Methods and Cultural Heritage
An introduction to the application of materials science to
archaeometry and conservation science

Gilberto Artioli

f”fg ;

552 pages | 200 b/w line and halftone figures, 8pp colour plates | 246x189mm ‘ el 7%

978-0-19-954826-2 | Hardback | 08 July 2010 _
Gilberto Artioli
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