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GREAT:ISSUES IN HERITAGE STUDIES

Archaeology.  Arts

O What is it = ident‘if-ifcation

= How was it made? = Man’s

. knowledge .

= Why?= motivation;‘-"'-;
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- MAIN QUESTIONS

ON 'ARTWORKS AND ARCHAEOLOGICAL OBJECTS

- Whet ere the materials compdsing the object?
E how Was it made ?

- from where cOMmes the materlals ?

" s the object altered ? '

L how oldiis it ? -

* jsthe obJect authentlc ?



SPECIFIC REQUIREMENTS

|dent|f|cat|on = measurement of 1 mam eIements
provenancmg '=> measurement of trace elements |
aIteratlon process E> sample surface characterlsatron

preC|ous items |
no sampllng = non lnvaswe methods A
no damage = non destructlve methods L

u_nknown eomp05|t.ron = wrde range-of measured elements
= ho’n'—homegeheouscomposition‘
laterally =2small preve diameter
in-depth = depth profiling capabilities



PRINCIPLE OF.ION BEAM ANALYSIS

partlcle accelerator

I=I>NE

/‘ radlatlon detector



THE PIXE METHOD
PARTICLE INDUCED 'X-RAY:EMISSION

£, = [((Z—] )2 Henry Moseley’ law (1913)
(k= 0.01 keV. for K-lines)

e / range £330
J inci_dent beam: : 3-IVleV protons
e |ow current | ~1 nA = no.damage

e high sensitivity ~ 1 ug/g
e probing depth 1-50 um
e microprobe @ 10-30 um

Applications
o bulk analysis of materials
* measurement of trace elements



Statuette of Ishtar, 2"d c. BC, Mesopotamia, Dep. Oriental Antiquities, Louvre museum
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NMap of Middle East and A




THE RBS METHOD
RUTHERFORD BACKSCATTERING SPECTROMETRY

K=E/E,= f(M, depth) kinematic factor
K= [(I\_'/|22-I\/|12 sin?6)1/2+M1 cos 0]%/[M +M,]?
G~ Z%Z,2E? sin?0/2

incident beam : 3-MeV “He or protons

e suitable for profiling
e high Z elements in a low Z matrix
e probing depth 1-10 pum

Applications

purely electrostatic
elastic process

® |ayers of heavy elements on light matrices
e example : gilding of jewels



o - . 2 T Y

‘esenting Paris judgement, 1520, Maestro Gorgio, Gubbio, Italy
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RBS simulated w/o overglaze
RBS simulated w/o gradient
RBS simulated

RBS experimental

170 nm

100 nm

43 nm
71nm

71 nm

overglaze

100 nm

Si

170 nm
overglaze

Cu

3-MeV He
external
beam

2500

3000



THE NRA METHOD
NUCLEAR REACTION ANALYSIS

beam of H, 2H or *He of a few MeV

PIGE : y-ray detection
Ey = f(isotope)

e bulk composition for 1<Z<11
e complementary to PIXE
e high sensitivity ~ ppm level

NRA : particle detection
=i = f(isotope, depth)

examples of nuclear reactions
» profiling low Z elements in high Z matrix
e 'H(PFoy)*®0  fluorine profiling -« C N,0 composition of bronze patina
e UF(*H,ay)*°0  hydrogen profiling e weathering of glasses
e '°0(*H, p)'”O  oxygen profiling e dating archaeological flint tools by F profiling



Glazed head, Middle Kingdom ?, Dep. Of Egyptian Antiquities, Louvre museum
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» PIXE'; lead arsenate opacifier 3Pb.(A550,),.PbO invented|in the 13th c. AD

* PIGE: presence of fluor(artficialiweathering with fluorhydriciacid)

s . demonstrated forgenry, head removed from the Louvre displaysin 2003
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COMPOSITION AND STRUCTURE OF HISTORICAL PAINTINGS
.varnish cadﬁng : sorhé .inglredie-n.’r”sA .ds.for bmders
| ’rhickness : 10-50 um

S )

* lipids : linseed, walnut, poppy seed oils, beeswax...
» proteins : egg white, gelatine...
» glucids : vegetal resin (dammar), gum, honey ...
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EQUAL CONDITIONS
140 'x'-50 mm2

area 2 hiscan RS

200 x-70'2'pi|xel$,.'.500‘msec/plxellf_a‘_;‘.‘::" i 700 X 200 plxe[s ‘,‘:50 ms/-p‘lxel?
1 SDD 25 mm2 40 RGPBj R 0.5 uC/cmZO 3 x 1013 p/cm?
3 x SDD 50 mm?2, 3 x 50 kcps, 100 um Be filter
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* 4 x nigh energy detectors for trace elements : {2 = 500 mSr (x10 gain)

* 1 x low energy detector for major elements : €2 = 7m Sr. (X2
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AN INNOVATIVE |ON BEAM SCANNING SYSTEM

magnetic beam
steering 1000 pm

JUgWaAOW |ediueydawl

T mechanical
v Step 1000 pm

mechanical movement

two Ways to control beam scannmg

mmﬁ * beam monitoring FWWT >Peed s no beam monitoring
o * slow mapping - « fast mapping
* <50 um/sec EI (e.g. >500 pm/sec)

‘ ¢ 100000 hooooo




COMPARISON OF.GLOBAL PIXE'AND XRF SPECTRA

P Pb,, Ca Bq,;

Fe

In Hg,

Pb,

Mo

counts

PbM

@F)

PbL

Total

Gain

30 x

30 x

8 x

1x

N/A




Lithopone BaS










i Vlaaoa.marselille.fr

e Musée d’Arts Africains, Océaniens, Ameérindiens

- HANDS-ON EXPERIMENT!

. Decide by yourself the authenticity/of
an alledged! PreColumbian human skull



ted Precolumbianio




BritishiViusetum; UK VienterAllban, @axaca, VX

DUumbartoni@aksimuseum; WAFUSA' feiden Viuseum, NL
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CRANIAL DEFORMATION APPLIED TO INFANTS
\IN'PRECOLUMBIAN CULTURES

Figura 2. Deformacion cefalica actual lograda con un aparato cefali-
co en un infante shipibo conibo en el Peri. (Foto del doctor Bruno
Ilius.)

Figura 3. Acercamiento para apreciar la tablilla frontal, combinada
con hilos y bandas compresoras, destinadas a distribuir la presion
sobre la cabeza del infante. La tablilla esta acolchonada.




90° Magnetic 110° Magnetic

__Analysis
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20° Electrostatic
Cylindrical

134 Sample
MC-SNICS
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THE'AGE OF,THE SKULL

Radiocarbon Age ve. Calibrated Age

Sarple ID

1180+/-30
Cal curve:
intcal0s. l4c
2 sigma

1180 = 30 BP

Densite de probabilite
del'age radiocarbone

Courbe de
calibration

772 - 900 AD (0,904)
918 - 963 AD (0,096)

Densite de probabilite de I'age
calendaire a 26



Precolumbian cultures in Mesoamerica

GULF OF MEXICO

Gulf Coast
Maya Region
West Mexico
PACIFIC OCEAN
Central Highlands
Oaxaca

1000 500
FORMATIVE OR PRECLASSIC

wan et al. 2006
Central Highlands

Fall of the Aztec capital, Tenochtitian AD 1521




. AGLAE 2 MV tandem accelerator




ANACHRONISTIC. MATERIALS

Two modern tesserea
glaze containing Boron as Flux and Antimony as opacifier

100000 5

PIGE spectrum of blue tesserae
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lurguoise
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| ] coquillage
turquoise
[ turquoise chauffée
- verre bleu opaque
- pyrite oxydée en hématite + goethite
\:I pierre volcanique riche en heulandite
[:] roche détritique fine riche en calcite et quartz (siltite ?)
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—pyiite stongly altersted (ageing?)

<ol carbonidated o the 107 century AD
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FAKE OR GENUINE?
Hypothesis
globally genuine Precolumbian artefact + minor modern restorations
genuine Precolumbian skullland mosaics'recently.put.together
fake made:ofia »genuine Precolumbian skull'and an artificially;aged'modern
Mmosaic | |

colonial'curioimanufactured after.the .conquestiby; Mexican artisans using

traditional and'european materials



@ IMPACT. OF ION BEAM ANALYSIS IN
ARTS AND ARCHAEOLOGY:
- ARCHAEOLOGY:: DQlCUI\/IEN_T_MEN’S LIFE INSTHESPAST
raw. materials procu rement, manufacture technology,
distribution networks
S ART HISTORY:: HIGHLIGHT THE ARTISTS CREATION
Disclosing theartist’s choice of mater_i‘awls and creative gesture
B SAFEGARDING ourHERITAGE

Help:to préserve relics by. understanding alteration

preventing acquisition of fakes and unwanted objects
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