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* Présentation générale du Laboratoire de
mesure du carbone 14

* Principe de la méthode de datation par le 4C

 SMA

(‘ * Quelques exemples
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| mC 14 Le LMC14 : Plateforme Nationale

5 partenaires liés par une convention de partenariat depuis 2001 pour |'utilisation en
commun du spectrometre de masse par accélérateur ARTEMIS - Plateforme Nationale LMC14

o Institut ¢e Recherche
pour le Développement
FRAMNCE

NMSTITU
DE RADIOPROTECTION
ET DE SURETE NUCLEAIRE

» Historiguement, unité mixte de service N° 2572 créée en 2003, intitulée « Laboratoire de Mesure du Carbone 14 ». Depuis 2015,
Plateforme Nationale LMC14 » rattachée au LSCE (Laboratoire des sciences du climat et de I'environnement)
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AMC™ C Actvits |

Service (80 %) : mesurer le carbone 14 de 4000 éch/an Recherche- (20 %) : 500 éch/an

 Environnement/Environment
Circulation des eaux dans les rivieres et deltas:
Water circulation in rivers

National -+ Art et Archéologie/Art & archaeology

: A Grottes ornées/ Decorated caves
Chronologie ancienne Egypte/ Ancien Egypt
chronology
Fer des cathédrales (ND)/Iron in cathedrals
Musées-restaurateurs/Museums-curators

e Développement analyt./ Analytical dev.
‘ Nouveaux mtx/new materials
MO || atet || oo e | u-échantillons/pusamples

- T

=

Musée de Musée Musée Musée Musée des Musée de
I'Orangerie national Eugen Gustave-Morea national de la h arts et métiers I'histoire de I'im

Lucile Beck-2023

>ulture


http://www.google.fr/url?sa=i&rct=j&q=&esrc=s&source=images&cd=&cad=rja&uact=8&ved=0ahUKEwiegaKqrcXWAhVSahoKHQTKD2EQjRwIBw&url=http://www.dr19.cnrs.fr/asp/Info/doc-com.asp?page%3D4&psig=AFQjCNFueA2q4KVjUaD_1l9JlLzlko3ATg&ust=1506601231601304
http://www.google.fr/url?sa=i&rct=j&q=&esrc=s&source=images&cd=&cad=rja&uact=8&ved=0ahUKEwjT94b98cXWAhWFfhoKHTSvD2gQjRwIBw&url=http://www.gisclimat.fr/laboratoire/lsce-laboratoire-des-sciences-du-climat-et-de-lenvironnement.html&psig=AFQjCNHR3UlZwnX8Fe46dJLEzcCb-HK6Fw&ust=1506619705886398
http://www.google.fr/url?sa=i&rct=j&q=&esrc=s&source=images&cd=&cad=rja&uact=8&ved=0ahUKEwiegaKqrcXWAhVSahoKHQTKD2EQjRwIBw&url=http://www.dr19.cnrs.fr/asp/Info/doc-com.asp?page=4&psig=AFQjCNFueA2q4KVjUaD_1l9JlLzlko3ATg&ust=1506601231601304
https://www.google.fr/url?sa=i&rct=j&q=&esrc=s&source=images&cd=&cad=rja&uact=8&ved=0ahUKEwjij8WMrsXWAhWB2hoKHZK-DmQQjRwIBw&url=https://fr.wikipedia.org/wiki/Commissariat_%C3%A0_l'%C3%A9nergie_atomique_et_aux_%C3%A9nergies_alternatives&psig=AFQjCNE9JQKT2y3H0hCq8fa_6qxHU3il1A&ust=1506601501061291

Plateforme Nationale- National laboratory

e 2800 échantillons par an pour 5 organismes = 4000-4500 mesures

11 permanents

W CEA
IRD
B MCC
B CNRS
blture ,, 2/3 chimistes -1/3 mesures physiques
) 41-C
6 techniciens ou assitants-ingénieurs
70 000 échantillons mesurées depuis 2003 ! 1 gestionnaire
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A MC 14 Sur 2 sites du CEA

;‘:& v ?q’r{ :

CEA Saclay
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ﬁEmC 14 [ Principe de la datation par le carbone 14

Tout organisme vivant integre du carbone 14 A sa mort, le 14C décroit par désintégration radioactive
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AMC
146C 9 ﬁ_ + 147N + v

14C/12C 9% gpmig HISTOIRE

10-12 100 (13,6)

90 (12.24) ,
ANTIQUITE
80 (10,88)
70w | N\ PREHISTOIRE 1946
60 (19 \ CLIMATS ANCIENS Libby énonce les
50 (©20) principes de la
40 - (5449 Magdalénien datatlon au 14C
30  (4.08) \5 ' ) - Aurignacien PrIX NObeI de
LR ' chimie en 1960
10 (1.36)
105 ° DRER TR EEE | KRR LERR T AR S N AR I R A
0 F e -1} 000 '15‘f° -20 oio 29 Oool -30 oool 85000 l-zzo 000 T 900
age (ans)
‘1"0 1 période 2 périodes 3 périodes 4 périodes 5 périodes 6 périodes 7 périodes 8 périodes

(5730 ans) (11460 ans) (17190 ans) (22920 ans) (28150 ans) (34380 ans) (40110 ans) (45840 ans)
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<LMC"

Mesure isotopique ou comptage radioactif

BCo>PF +MN+v

par spe(,:tr,ométrie de masse par comptage béta
par accelerateur (SMA) par scintillation liquide

Lucile Beck-2023

>ulture


http://www.google.fr/url?sa=i&rct=j&q=&esrc=s&source=images&cd=&cad=rja&uact=8&ved=0ahUKEwiegaKqrcXWAhVSahoKHQTKD2EQjRwIBw&url=http://www.dr19.cnrs.fr/asp/Info/doc-com.asp?page%3D4&psig=AFQjCNFueA2q4KVjUaD_1l9JlLzlko3ATg&ust=1506601231601304
http://www.google.fr/url?sa=i&rct=j&q=&esrc=s&source=images&cd=&cad=rja&uact=8&ved=0ahUKEwjT94b98cXWAhWFfhoKHTSvD2gQjRwIBw&url=http://www.gisclimat.fr/laboratoire/lsce-laboratoire-des-sciences-du-climat-et-de-lenvironnement.html&psig=AFQjCNHR3UlZwnX8Fe46dJLEzcCb-HK6Fw&ust=1506619705886398

<LMC"

Mesure isotopique ou comptage radioactif

Ages absolus en

Radioactivité

% de "*C actif

années specifique en g
par min (dpmg)
0 13.56 100
5730 6.78 50
11460 3.39 25
22920 0.84 6.25
40110 0.1 0.78
57300 0.01 0.1
Comptage B AMS
Charbon de bois 5al10g 5a10 mg
Os 100 4 500 g labg
Durée de la mesure 3 jours 1 heure

Précision de la
mesure

+/- 40 ans, 5 derniers millénaires
+/- 100 ans autour de 10 000 ans
+/- 400 ans autour de 30 000 ans

Lucile Beck-2023
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14C SMA/AMS ARTEMIS au LMC14
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Hydrolyse acide pour
les carbonates

Inspection des Collection
' d &
échantillons e du CO,

XTI '

A =E L~ |
Prétraitement \ / .
Graphitisation Mesure SMA

Combustion pour les Fe 3 600°C
; . . CO, + 2H, C+2H,0
échantillons organiques

12 échantillons prétraités par jour 134 dates par semaine
../ | 24 cibles de 2 3 3 semaines par mois
""""""""""""""""""""""" \\ graphlte par Jour 10_11 mOiS Sur 12

____________________________________
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A MC™ SMA ARTEMIS au LMC14

110° Magnatc
Araysis

20° Magnetc
Analysis

(i)
a
L AnvElQuirostahe
Sgherical Analyzer
PR 2o DS
’ ~
/ $ N .

07 C sclroshne
Ty indrical
Deflactor 4

40 Sampie
MC-SNICS

détecteur

E}

2

134 Sangle
MC-SNICS

47 Setecer
System

,,,,,,,,,,,

Tandem accelerator

lonizer ® 3 MV Pelletron tandem (NEC type 9SDH-2)
Cathode o Extractor

e Terminal voltage operation : 2.6 MV

e Ar gas stripper (molecules break & charge exchange)

Fowder

e Final charge states : from 1+ to 4+

Cesiurn

REeservair

SNICE || Sohematic Diagram
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AMC™

N\,

o
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o

g

£ 2000} A

B [

= |

= I

g2 [ R_Date 1950 -

@ s \\

g i

5 1900} a\

1800} N

L o o o MR
200 700 fcaBC/AcalAD 101 201

Calibrated date (calBC/calAD)

Conversion age mesuré en date calendaire

Age BP - Date de notre calendrier

1950 Before Present +/- 30 ans

- 21 av. J.-C. - 125 ap. J.-C.
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Fig. 3. Diagramme de fréquences des especes animales constituant le bestiaire de I'ensemble de I'ornementation de la grotte Chauvet.
Fig. 3. Diagram of the animal species frequencies that constitute the bestiary of the entire ornamentation of the Chauvet Cave.

Figures noires au fusain !

\
) |
-,

LSCE Lucile Beck-2023

Grotte de Chauvet

64 % d'animaux " dangereux "
45 % d'animaux " du quotidien”
1 % d'animaux anecdotiques

Fig. 4. Exemple de rehauts : (a) au fusain, les contours sont d’abord indiqués au trait Iéger, un remplissage a I’estompe est pratiqué, puis un trait
aflirmé vient renforcer le contour — panneau des Mégacéros, galerie des Mégacéros (cliché : D. Ballier, V. Feruglio) ; (b) au silex, une [ois la
figure terminée, les contours sont surgravés au silex pour faire ressortir la blancheur du support et donner plus de présence a I'ensemble —
panneau des Chevaux (cliché : C. Fritz, G. Tosello).

Fig. 4. Example of enhancements: (a) with a charcoal, the contours are first indicated with a light line, a fill up by stumping is then done, then a
strong line comes to enforce the contour — Megaloceros Panel, Megaloceros Gallery (© D. Baffier, V. Feruglio), (b) with a flint, once the figure

is ended., the outlines are engraved with a flint in order to make the whiteness of the wall come out and in order to give more presence to the entire
crane — Hoarcae Panal (@ C Eritr (F Toeallad
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Evoiutfon of prehistoric
cave art

ophisticated examples of European
palacolibic parietal art can be seen in
the caves of Altsssirs, Lascauy asd
Nizux near the Pyrenees, which date 10 the
Magdalenian period (12,000-17.000 pears
o), bt paintings of comparsble skill s
complexity were created moch carlier
some possibly mose thas 30,000 years ago’.
W huave devived new radiocarbon dates for
the drawings that decorate the Chauwet cave
in Vallon-Poot-d'Arc.  Ardiche,  Framce,
which confirm that eves 30,000 years ago
Asrignacian  artists, seeady known o
acoommplisded carveny', could create master
pheces comparable to the best Magdadenian
art'. Prehistorkans, who have tradihooally
interpected the eveldution of peelastonc art o
3 vieady progression from wmple o more
complex representations, may have to recon
sider existing theorks of the origios of ant.
The chronology of Daropean prehissoric
Cave paintings has been loosely based oa the
style of fauna depicted of on dated remsin
befl by cave occapants, bat has become more
precise with radiocarbon dating of the char

NATURE | VOL 410 14 OCTORRR 2001 | sewe stnn oo

Grotte de Chauvet

Fagon 1 Yorse purnd b e
tlare chumder of S Chimt

i X0.000 s g

<ol pigments themmedves. Accelerstor sna
spectroasetry, which refies oo the separation
and countieg of crbon sotopes, roquines
mvach bess of this precious somple material
than traditional “C-dating techaiques.

Uncalibrated radiocarboo ages in excess
of 22,000 years (22 Kyr hefore present (w))
havwe been cakulted for puintings in
several French caves, mostly om the tandem
accelerator st Gif-sur-Yvette, France’. The
charcoal of the painting taelf cam be dated”,
cither directly or in trace organic residues
that have a temporal relationshep 1o the
paintings, for example as charcoal sisgled
with ochie pigments. Also dstable are
snudpes kAt by torch besrers which, if
found on the Glcite costing of & drawing,
ndicaie 2 lime before which the drawing
st have boem created.

Indirect evidence of extemsive painting
activity before the Solutrean period comes
from radiocarbon dates for drawings at two
French caves — a 26.9-Xyr.0ld bone chip
was extracted froms a flssare crossing a
steaciled hand 2 Gargas', and three burst
bones, mixed with rod and yellow ochee &
the base of several designs in the Grande
Grotte st Ascy-sor-Ouee’, are aged at 26-28
Kyr: woech smears marring the rod fricee
date to abowt 27 Kyr w',

At four other French caves, chaecoal
from the drawingy themschves has boen
dated. During investigations at Cougnac,
dates between 23 and 25 Kyr w were
cbtained foe Two glant deer'™, and =
narby Pech Marle, the right-facing spotted
hoese is dated 1o 24.7 Kyr w', Ia Coaqoer,
we dated 13 drawisgs" "' at 27-28 Kyr w for
two stencilled hands, 2 boon and an oval
sign — all other drawings but two were
1520 Kyr old (cave-foor charcoal fits
within the same two periods’).

In the Chawvet caves, which comist of
several chambers, we derived radiocarbon
dates of between 29.7 and 324 Kyr w for
charcoal (027-1.40 mg carboa) from
animals painted in the Salle dw Fond and in
the "horse’ panel (Fig. 1) of the Hullaire
chumbder’. Two toech rebbings, one from
the same pund and another from the
Clerpe chamber, were about 27 Kyr o, a

220 2001 Macmilan Wagazines Lad

brief communications

reasomable age consdering thal in one cawe

the sorch was soraped against & caloge-

coated animal. We obtaised an age of 514

Krr for & pant deer 3t the entraoce 10 the

Megaceros  gallery  (see  supplementary

informaton ). Charcoad was obeained from

under 3 bear skl placed on 2 sooe slab =

the Crane chamber and from the Megaoeros

gallery, which is carpeted with charcoad par.

taches of varlous sizes as thoagh & had been

used a4 & arcoal factoey’. Apart froms two

roughly 26 Kyr-old specimens, mont of the

charcoal was prodeced between 29 and 32

Ky1 wr, suggesting that there muy have been

two sipraficant episodes of human iatresion

before the cave was seaked off by a pockfall
This latest comprehensive dating con-

frms our carfier provisional ssignment of

the Chauvet Gave art to the Aurignacken

period’. Futere discoveries will reveal the

natore of paintings that peedate those &

the Chauwet cave,
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In the Chauvet caves, which consist of
several chambers, we derived radiocarbon
dates of betweerf 29.7 and 32.4 Kyr Bp ffor
charcoal (0.27-1.40 mg carbon) from
animals painted in the Salle du Fond and in
the ‘horse’ panel (Fig. 1) of the Hillaire
chamber®. Two torch rubbings, one from
the same panel and another from the
Cierge chamber, were about27 Kyr oldj] a

e 2004 : First Intercomparison Program, 6 *4C laboratories.
Successful results: average age of ~32 ka BP for the three
pieces of charcoal collected from one archaeological hearth
structure in the Galerie des Mégacéros (Cuzange et al. 2007)

e 2012 : Second Intercomparison Program, 10 4C
laboratories. (Quiles et al. 2014).
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¢

SCentie National de

Figure 1 Archaeological hearth structures in the Galerie des
Meégacéros, from which GC-12-01 (a) and GC-12-04, GC-40,
GC-41, and GC-42 (b) were sampled. ©Centre National de la
Préhistoire, France, 2013.

Figure 2 Sample GC-12-04 lifted from an ar-
chaeological hearth structure in the Galerie des
Meégacéros. ©Laboratoire des Sciences du Cli-
mat et de I’Environnement, France, 2012.
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Figure 3 Radiocarbon results obtained for GC-12-01, with a 26 range. The 10 laboratories performed 21 measurements,
using their own chemical pretreatment (ABA, ABOX, “mild acid only,” alkaline fraction) and AMS facility (seven different
ones). They range from 32,670 + 380 to 31,120 = 180/170 BP with an average value of 31,979 £ 378 BP; all are compatible
with a 26 range. Note that the large uncertainly of one ETH analysis is due to the small amount of C used (see text).
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Le blanc de plomb : des cosmétiques antiques a la peinture

Cérusite PbCO;

Walter al., Nature 397, 1999
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4MC 14 | Fabrication des carbonates de plomb historiques

Théophraste (IVe siecle av. J.-C.)

«lls sont préparés artificiellement le plomb blanc. Du plomb de la
grosseur d’une brique est placé dans des récipients sur du vinaigre et,
lorsque ceci acquiert une masse épaisse, ce qui se fait généralement en
dix jours, les bocaux sont ouverts et une sorte de moisissure est raclée.
La partie raclée est broyée dans un mortier et décantée fréquemment,
et ce qui reste finalement au fond est du plomb blanc. »

Plomb
Lead Coil

!

AR N

Vinaigre

Figure III. 19: Etapes de la fabrication du blanc de plomb commercial issu d’un procédé
d’empilement (a) : rouleaux de plomb métallique, (b) : strate de jarres contenant les rouleaux
et prétes a étre recouvertes de fumier, (c) : rouleaux corrodés lors de l'ouverture des jarres

) apres 4 mois de corrosion, (d) : pigment obtenu (on constate que le produit s’est détaché sous
Ph‘D M. Stols-Witlox, 2014 forme d’écailles). © Natural Pigments
Theése V. Gonzalez, 2016 -
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k mC 14 [ Fabrication des carbonates de plomb historiques et datation carbone 14

Fumier produit du CO,

Thése M. Stols-Witlox (2014)

2 Z . Pb plomb Thése V. Gonzalez (2016)
11 f Vinaigre V. Gonzalez, Corrosion Sciences
ZLa:
%/ ,/; 2 CH,COOH + 2 H,0 + % 0, — (2019)
7 % v
% 2 — 5 Pb|CH;C00),.3H,0 acétate de plomb hydraté
é// 7
3/5C0, —
L
Fumier 1/10Pb,,0(CO;)e(OH)s —> 2 CH,COOH + 17/10 H,0 plumbonacrite
1/15C0,+1/30H,0 —
L 2
1/3 Pb4(CO,),(0OH), hydrocérusite
Fumier produit du CO, 1/3C0; —
¥
PbCO; ——> 1/3H,0 cérusite

Fumier = CO, d’origine organique =» C d’origine organique =» !*C =» datation
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Church of the

P
(U

LSC

Cetille o Cordeliers .
Germolles, Frib ’ Clichy
‘ Burgundy i process =
2000 BC Century Bc 1400 19th wWiot hrococg
ANTI1 QU I T|E M A -RENATIS - M "TNRDIUES
Natural Cerussite Artificial lead white | Artificial lead white :
+
Methods
Natural Cerussite » Artificial lead white can be dated by radiocarbon if . _
cannot be dated by incorporation of atmospheric CO, Artificial lead white

radiocarbon cannot be dated by

radiocarbon
RELATIVE DATING

* Manufacture of lead white from the 4t century until
the beginning of the 20" century

= ABSOLUTE DATING BY RADIOCARBON

P
. _ cea N CIrs RESEss e IRSM
These Cyrielle Messager (2020) é e
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Un nouveau matériau pour le 14C

<LMC"

Ministere de la Culture

v
Uiberts » Egaled + Fravernité
REPUBLIQUE FRANCAISE

Essonne : au CEA de Saclay, les scientifiques se mettent au ...

Le Parisien - 12 juil. 2019

Dernier zoom sur ARC-Nucléart. Cet atelier laboratoire est principalement basé au
CEA de Grenoble (Isére), mais les chimistes, physiciens, ...

ACTUALITES NOUS CONNAITRE AIDES & DEMARC]

Presse, infographies, événements Missions, organisation, emploi, formation Subventions, autorisations, app
- -

Le CEA et le CNRS mettent I'atome au service du patrimoine

L'Usine Nouvelle - 17 aott 2019

Lucile Beck est maitre du temps. Docteur de physico-chimie au CEA et directrice du
laboratoire de mesure du carbone 14 (LMC), elle est ...

Encemoment PlanVIGIPIRATE |  Patrimoine immobilier en péril - mission "Stéphane Bern" &' | Consultatior

u Accueil Ministére \ Presse | Communigqués de presse

| Francoise Nyssen salue la découverte du Laboratoire de mesure du Carbone 14 qui constitue une avancée ¢

CECME -« «xe%

., Des chercheurs découvrent comment appliguer la methode ...
Sciences et Avenir - 12 juil. 2019
... de plomb fut abondamment utilisé, notamment dans les peintures & I'huile, pour la

L, réalisation des carnations”, nous explique Lucile Beck, ...
Communiqué de presse

Francoise Nyssen salue la découverte du
Laboratoire de mesure du Carbone 14 qui
constitue une avancée considérable pour le
patrimoine culturel, archéologique et
artistique

PUBLIE LE 28.06.2018 A 14H00 - PARIS

Restauration des oeuvres d'art : I'atome au service du ...
L'Express - 16 aolt 2019
Restauration des oeuvres d'art : I'atome au service du patrimoine ... dans les locaux

du CEA, est spécialisé dans la conservation et la ...

Francoise Nyssen, ministre de la Culture salue la découverte réalisée par le Laboratoire de mesure du Carbone 14

Des cosmétiques de I'antiquité datés avec précision

La datation au carbone 14 a été utilisée pour des poudres blanches, synthétisées dans I'ancienne Egypte et la Gréce antique.

plamb. «A ma connaissance, la datation

MARC CHERIQ W Gmcherkd base de plomb, qui ant &6 synthédisés.

CHIMIE De maniére irréfutable, des cher-

cheurs ont daté des cosmiétiomes utilisés
dans Nancienne Egypte et la Gréce an-
que, fabeiqués 8 v 2 entre 2200 et 3800
ans. Ces dates correspondent 3 peu pris &
celles données par ks archéologoes pous

Ages an moyen d'indices : forme des boi-
tes, matérime ulilisés (bois, rosean, akhd -
tre), lieu des foallles. . Cette cotrespon-

8 S au radiocarbome n'avait xamais été testée

pour de la ofrusite ot de la phosgénite, ce
que [es chimistes appelient des carbonates
de plomb. Or ces pigments bluncs ont éé
trés wtiliséy pendont oute I'hatode de
l'art », explique Luclle Beck responsable
du haboratoire de mesure du carbone 14 2
Saclay (CNRS, CEA, IRSN, IRD et minis-
tére de la Culture) et premier suteur de
T'artice puoblié dans Commumications
Chemistry.

Blanc de plomb
FPourquod personne n'avait pensé 3 cette

Mals la méthode est destructive. Cest-
i ~ctire qu'd faat yetirer iin peu de matiére
de 'objet 3 dater. L'ceuvre d'art st done
altérée par la mesure, méme si 1'échan-
tillon prélevé n'a que La taille d'une téee
d'épingle. Anséliorde dans les années
1990, 1a méthode actuelle utilise un spec-
troscope de masse avec un acclérater li-
néalre de pardcules. « T faut environ 1 mg
de carbone, suit 10 & 20 mg de markére 4
prélever. c'nxoouooofoamwe
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A MC 14 | Vers d’autres matériaux a faible teneur en C

Charbon de bois Minerai

Datation du fer produit par le procedé
direct

14C dating

\ 4

Date de fabrication du métal

Collaboration avec le LAPA (CEA-CNRS) car
nécessite au préalable une caractérisation tres
fine du métal qui contient entre << 1%

cea fCirs Nk
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AMC™
Construction des cathédrales
(coll. M. L'Héritier, S. Leroy)

la Croix

Le secret de la solidité des cathédrales gothiques

En datant par carbone 14 les piéces métalliques retrouvées dans les cathédrales gothiques. des chercheurs frangais viennent de
montrer que le fer était introduit en renfort de ia pierre dés I'étape de construction

Lucile Beck-2023

Datation des tirants

' Iron reinforcements of Beauvais cathedral [Amodel:99]

Terminus Post Quem
Beginning of construction [A:100]

" Attic chainflowest of the peripherical tie-rods

MO3 [A:128] o o
'C2N/C3NCI [A82] e

' Radial tie-rods _
C2N CE/I [A99) - =

C2N B I/O [A:99] A

Peripherical tie-rods between the 2d and 1st bays

‘CN1/CN2BE-1 [A99] A ST
| CN1/CN2BE-2 [A99) WV VW
Combine CN1/CN2 BE [A98] IS SIS
CN1/CN2 AT [A99] A MRA .. A

800 1000 1200 1400 1600 1800

Modelled date (AD)

Leroy et al., JAS, 53, 2015
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(coll. M. UHéritier, S. Leroy, E. Delqué-
Kolic, JP. Dumoulin)
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ﬁEmCM Localisation des fers : agrafes des tribunes

> 7 prelevements au total (5 dans
le chceur, 2 dans la nef)

Lucile Beck-2023

>ulture


http://www.google.fr/url?sa=i&rct=j&q=&esrc=s&source=images&cd=&cad=rja&uact=8&ved=0ahUKEwiegaKqrcXWAhVSahoKHQTKD2EQjRwIBw&url=http://www.dr19.cnrs.fr/asp/Info/doc-com.asp?page%3D4&psig=AFQjCNFueA2q4KVjUaD_1l9JlLzlko3ATg&ust=1506601231601304
http://www.google.fr/url?sa=i&rct=j&q=&esrc=s&source=images&cd=&cad=rja&uact=8&ved=0ahUKEwjT94b98cXWAhWFfhoKHTSvD2gQjRwIBw&url=http://www.gisclimat.fr/laboratoire/lsce-laboratoire-des-sciences-du-climat-et-de-lenvironnement.html&psig=AFQjCNHR3UlZwnX8Fe46dJLEzcCb-HK6Fw&ust=1506619705886398

des colonnes du collatéral extérieur de la nef

> 1 prélevement

Lucile Beck-2023
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Agrafes des murs-bahuts
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OxCal v4.4.4 Bronk Ramsey (2021); .5 Atmospheric data from Reimer et al (2020)
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Lucile Beck-2023

>ulture


http://www.google.fr/url?sa=i&rct=j&q=&esrc=s&source=images&cd=&cad=rja&uact=8&ved=0ahUKEwiegaKqrcXWAhVSahoKHQTKD2EQjRwIBw&url=http://www.dr19.cnrs.fr/asp/Info/doc-com.asp?page%3D4&psig=AFQjCNFueA2q4KVjUaD_1l9JlLzlko3ATg&ust=1506601231601304
http://www.google.fr/url?sa=i&rct=j&q=&esrc=s&source=images&cd=&cad=rja&uact=8&ved=0ahUKEwjT94b98cXWAhWFfhoKHTSvD2gQjRwIBw&url=http://www.gisclimat.fr/laboratoire/lsce-laboratoire-des-sciences-du-climat-et-de-lenvironnement.html&psig=AFQjCNHR3UlZwnX8Fe46dJLEzcCb-HK6Fw&ust=1506619705886398

Art forgeries

Van Meegeren, Le diner d'Emmais, 1937,
Museum Boijman Van Beunigen, Rotterdam

Vermeer, Hals/Van Meergeren

The exhibition of 30 paintings in Genoa, Italy was
shut down three days early on July 13th, 2017
After careful examination, experts confirmed that
20 of the 21 paintings seized by the prosecutors
were forgeries.

Alberto Giacometti’s Walking Man.

Lucile Beck-2023
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<MC"

**C Concentration (f,)

Detecting painting using 14C

“BOMB PEAK DATING"

Northern Hemisphere *“C concentration

——
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1
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1

980 ; 1985' 1990
Year (CE)
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995
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000

2

005

2
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e |
2015

14C a longtemps été considéré comme :

- Trop invasive
- SMA

- Trop imprecise
- > Essais nucleaires et le “pic des
bombes”

Atmospheric nuclear tests carried out in
atmosphere after 1950 resulted in an increase of
the 14C concentration by almost a factor 2 in the
mid 1960s
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38

e 14Cvalue (F*C):
e 1.0301+0.0027

Fl4C

Bomb peak: “the nuclear option”

""""""""""""""""""""""""""""""""""""""""""

1955 - 1956

Two solutions:

2012 -2014

© Reésolution elevée

© Courbe bien documentée

© Logiciel de calibration disponible
gratuitement et facile a utilizer

@ 2 solutions

Lucile Beck-2023

>ulture


http://www.google.fr/url?sa=i&rct=j&q=&esrc=s&source=images&cd=&cad=rja&uact=8&ved=0ahUKEwiegaKqrcXWAhVSahoKHQTKD2EQjRwIBw&url=http://www.dr19.cnrs.fr/asp/Info/doc-com.asp?page%3D4&psig=AFQjCNFueA2q4KVjUaD_1l9JlLzlko3ATg&ust=1506601231601304
http://www.google.fr/url?sa=i&rct=j&q=&esrc=s&source=images&cd=&cad=rja&uact=8&ved=0ahUKEwjT94b98cXWAhWFfhoKHTSvD2gQjRwIBw&url=http://www.gisclimat.fr/laboratoire/lsce-laboratoire-des-sciences-du-climat-et-de-lenvironnement.html&psig=AFQjCNHR3UlZwnX8Fe46dJLEzcCb-HK6Fw&ust=1506619705886398

P AMCH

. - ‘\aﬁ- -\, FRRCERY g -~ ‘
Contraste de formes, Fernand Léger (?) Contraste de formes, Fernand Léger (1881-1955), 1913,
Peggy Guggenheim Collection, Venice Solomon G. Guggenheim Foundation, New York
200
190 L
S 180
= 4
8 170 ﬁ&
§ 160 ]
g 150 ¢
140 4
Canvas
§ LI R S——— oggeass
8 12 Death of
110 Leger~ *
4 100 4 ™
Detail of the canvas sample 90

1940 1950 1960 1870 1980 1990 2000 year

L. Caforio et al., Discovering forgeries of modern art by the *C bomb peak, Eur. Phys. J. Plus 129:6 (2014)

®
LSCE Lucile Beck-2023
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Hundreds of paintings were
discovered in a restorer’s
workshop by the French
Central Office for the Fight
against lllicit Trafficking in
Cultural Property (OCBC)
From Impressionist period to
contemporary art

Lucile Beck-2023
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¥ AMCH

Challenges working in the context of a police investigation

(1 No documentation
1 No previous studies

] Confidentiality

1 Time and sampling limitations:

= only one campaign for sampling and short deadline for reporting

1 No guarantee of results

®
LSCE Lucile Beck-2023

>ulture

|



http://www.google.fr/url?sa=i&rct=j&q=&esrc=s&source=images&cd=&cad=rja&uact=8&ved=0ahUKEwiegaKqrcXWAhVSahoKHQTKD2EQjRwIBw&url=http://www.dr19.cnrs.fr/asp/Info/doc-com.asp?page%3D4&psig=AFQjCNFueA2q4KVjUaD_1l9JlLzlko3ATg&ust=1506601231601304
http://www.google.fr/url?sa=i&rct=j&q=&esrc=s&source=images&cd=&cad=rja&uact=8&ved=0ahUKEwjT94b98cXWAhWFfhoKHTSvD2gQjRwIBw&url=http://www.gisclimat.fr/laboratoire/lsce-laboratoire-des-sciences-du-climat-et-de-lenvironnement.html&psig=AFQjCNHR3UlZwnX8Fe46dJLEzcCb-HK6Fw&ust=1506619705886398

>
Liberes + Eguti « Frae
REPUBLIQUE FRANCAISE

ucile beck-20

>ulture


http://www.google.fr/url?sa=i&rct=j&q=&esrc=s&source=images&cd=&cad=rja&uact=8&ved=0ahUKEwiegaKqrcXWAhVSahoKHQTKD2EQjRwIBw&url=http://www.dr19.cnrs.fr/asp/Info/doc-com.asp?page%3D4&psig=AFQjCNFueA2q4KVjUaD_1l9JlLzlko3ATg&ust=1506601231601304
http://www.google.fr/url?sa=i&rct=j&q=&esrc=s&source=images&cd=&cad=rja&uact=8&ved=0ahUKEwjT94b98cXWAhWFfhoKHTSvD2gQjRwIBw&url=http://www.gisclimat.fr/laboratoire/lsce-laboratoire-des-sciences-du-climat-et-de-lenvironnement.html&psig=AFQjCNHR3UlZwnX8Fe46dJLEzcCb-HK6Fw&ust=1506619705886398

43
.ﬁl‘_mc E l Dater le chassis en bois ‘

Impressionist Post-impressionist

OxCal v4.4.2 Bronk Ramsey (2020); r:5; Atmospheric data from Reimer et al (2020)

Wood | R_Date(30,23)
95.4% probability 400

1697 (29.6%) 1724calAD

1812 (28.4%) 1836calAD

1880 (37.5%) 1911calAD

OxCal v4.4.2 Bronk Ramsey {2020); r-5; Atmospheric data from Reimer et al (2020)
Wood P R_Date(135,21)

95.4% probability
1676 (26.1%) 1743calAD
1751 (3.8%) 1765calAD
1798 (65.6%) 1942calAD

400

300

200

100

Radiocarbon determination (BP)
Radiocarbon determination (BP)

Calibrated date (calAD) Calibrated date (calAD)

1697 — 1724 1676 — 1743
1812-1836 1751-1765
1880- 1911 1798- 1942

- < 1947 - <1943

Lucile Beck-2023
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Impressioniste Post-impressioniste

e 1) Identification des fibres
e “Bast fibers” 2 lin

e 2)Les plantes qui ont servi a
faire les fibres de textiles ont
été récoltées :

e -en 1957 ou entre 2000 et
2003 pour la peinture

c)

OxCal vd 42 Bronk Ra 20). 1:0 2. Bost-bomh ak heric Levin 2017/Chayrausa nuis 2017.13.19

OxCal v4.4.2 Bronk Ramsey (2020). r:0.2; Post-bomb atmospheric NH1 curve (Hua et al 2013, Reimer et al 2020 : b) Flber P1 R-—F14C(1056’00027) impreSSioniSte (l’artiSte

F 2 § 95.4% probability

§ FlberlR_F14C(1-3§§°%g£gaﬁi)ty G 18F 1956 (2.9%) 1957calAD suppose est mort en 1947)
§ 1_8?_ b) 1957 (4.0%) 1957calAD E s 2004 (90.8%) 2009calAD
: z 2000 (91.4%) 2003calAD R 20101:0%) 2010c4AD e -en 1956-1957 ou entre 2004
£ s} = : et 2010 pour la peinture post-
5 : 8 qaf impressioniste (I'artiste
© 14F S :
§ : 5 g suppose est mort en 1943)
£ 1.25- § 1'23— 1
- : i ™ ) -~ J KM\\

1F 1 a

1960 1970 1980 1990 2000 2010 1960 1970 1980 1980 2000 2010 . I
Calibrated date (calAD) Calibrated date (calAD) =

Lucile Beck-2023
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—

OuCal v4 4 4 Bronk Ramsey (2021 r0 2 Post-bomb atmespheric NH1 curve (Hua et 3l 2021, Reimer at 3l 2020
16F
OxCal 4.4 Bronk Ramsey (2021) ¢S Atmospheric data from Reimer ¢t ol (2020) G
=t
L
R_Date wood | - s
—_— — e g 14 -
R_Date wood P I E
=
R_Date wood A - ._. - ‘{%
. i S =N . | 5 M L‘\‘\
. ate wood C — — 4 1.2
R_F14Clcanvas E X
—d400 1800 600 iTo0 1800 He00 L\“\\\ !
Calibrated date (calAD) R_F14C canvas | | *ﬁ'\ "
R_F14Ccanvas P i 1]
R_F14Clcanvas A I - \‘“‘w
]
Dates avant 1950 - Anciens bois ou chassis L L

Calibrated date (calAD)

sélectionnés par les faussaires _ . _ .
Tolles apres 1955 - peinture apres1955

Beck, Physics 4, (2022) 462—472
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((?E C Défis du travail dans un context d’enquéte policiere

v' Pas de documentation, pas de dossiers d’oeuvre, pas d’étude
préalable

v'  Confidentialité
v' Pas de garantie de résultats
v' Temps compté et échantillonnage limité

v" Une seule campagne et délai trés court pour rendre les résultats
v' First contact: 6t of February

v Sending quotation to the judge: 229 of February

v Approval of the judge received the 27t of April asking the results to be
obtained before the 15t of June!

v" Samples taken the 16t of May at OCBC premises
Sample preparation, 14C measurements, data analysis, reporting
v Report delivered the 18t of June!

AN

®
LSCE Lucile Beck-2023
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But successful story finally and non-ambiguous

Forensic Science International 333 (2022) 111214

results!

fe Nionde

Contents lists available at ScienceDirect

EI.SEVIER 2

journal homepage: www.elsevier.com/locate/forsciint E

o

Forensic Science International o2

SCIENCES - ARTS

Quand les essais nucléaires trahissent les faussaires

£ Le Laboratoire de mesure du carbone 14 a pu montrer, grace au « pic des bombes » dans les
années 1960, que des toiles saisies par I'Office central de lutte contre le trafic de biens culturels
al avaient été peintes aprés la mort de leurs auteurs présumés.

Detecting recent forgeries of Impressionist and Pointillist paintings with
high-precision radiocarbon dating L

Lucile Beck™, Ingrid Caffy*, Soléne Mussard®, Emmanuelle Delqué-Koli&®,
Christophe Moreau®, Marc Sieudat®, Jean-Pascal Dumoulin®, Marion Perron®, Bruno Thellier?,
Stéphane Hain?, Eddy Foy ", Christophe Moulherat®, OCBC®

Special issue IAEA CRP Nuclear Technologies for Foren

! physics

Article
Ion Beam Analysis and “C Accelerator Mass Spectrosci

Identify Ancient and Recent Art Forgeries S

Lucile Beck
2022, 4, 462-472. https://doi.org/10.3390/physics4020031
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Par Pierre Barthélémy

2 \
(5)1AEA

N\ sy Mt
— International Atomic Energy Agency

Truth-Revealing Atoms

Accelerator-based analytical techniques detect art forgeries

Joanne Liou

Lucile Beck-2023

ATOMS
FOR HERITAGE

IAEA

Forged artwork could pollute humanity’s understanding of history, researchers say.

RADIOCARBON DATING
HELPS POLICE IDENTIFY
FORGED PAINTINGS

Advances in the technique have bolstered its
reputation as a tool for investigating faked artwork.

By Carolyn Wilke

adiocarbondating hasunmasked two
forged paintings in France — proba-
bly the first time the technigue has
been used in a police investigation.
The paintings were supposedly
impressionist and pointillist works from
around the early twentieth century. But a
team led by heritage scientist Lucile Beck at
the University of Paris-Saclay used radiocar-
bonlevelsinthe fibresof their canvases to date
them to sometime within the past 70 years.
Theresearchers concluded that the paintings
are modern forgeries in a 4 February report

REPUBLIQUE FRANCAIS!

>ulture

—andthereforevaluable — theydontwantthe
collection of larger samples to damageit, says
art historian Anna Tummers at Leiden Univer-
sity in the Netherlands, who was not part of
the new research.

The technique’s success might persuade
more of the art world to seek radiocarbon
dates, which can more definitively pinpoint
when a painting was made, Tummers says.
Researchers typically use imaging and chem-
ical analysis to sniff out art forgeries. These
methods can peer beneath brushstrokes to
see how a painting’s materials have aged, but
they cannot conclusively nail down a paint-
ing’s date.

Nature 603 |
17 March 2022

NSTITU
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Attribution d’un oeuvre d’art : la Flora |

: ” Imprint | Privacy
Staatliche Museen zu Berlin _d
Preuischer Kulturbesitz g

. —— .
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Acquisition in 1909 by the director ! ’
general Wilhelm Bode for the Berlin
Royal museums as the unique known
sculpture of Leonardo da Vinci

Two years after the acquisition, more
than 730 articles were published in the
German and English press as well as in
France, Italy, Austria and Denmark.
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Research (1/4, December 2020)
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N DER RESTAURIER'

Araghih Peute I
heutigen Aestaukorurgsmainabren b "
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HE RESPONSIBILITY OF CONS  VATION

0wt pesceplion, 4 walben cident cing o ¢ Lok o

] |

Inth i:y'of

=K LeonardodaVinci LeonardodaVinci
" Anchiano 1452-1 9 Amboise Anchiano 1452-1519 Amboise |
Flora A Flora
16" or19" century, wax

|

16. oder 19. Jahrhundert, Wachs

Wilhelm Bode acquired the famous wax bust of Flora in 1909
1909 in der festen Uberzeugung erworben, dass es sich with the firm conviction that it was a work of Leonardo
um ein Werk Leonardo da Vincis, oder aus dessen Umfeld da Vinei or his circle. Recognised by others as a19"-century
handelt. Von anderen als Arbeit des 19. Jahrhunderts er- work, it came under heavy criticism for over 100 years. Bode
) kannt, geriet sie iber 100 Jahre ins Kreuzfeuer, Bode lie® even had an opening cut into the back side to prove its
sogar eine Offnung in dle Riickseite schneiden, um die authenticity. Experts argue to this day over the attribution
Echtheit zu beweisen. Fachleute streiten bis heute um die of the Flora. Will the secret ever be revealed?
Zuschreibung der Flora. Wird das Geheimnis je geliiftet?

| Dl berthmte Wachsbiste der Flora hatte Wilhelm Bode

Erworben 1909

Acquired in 1909

SMB-SBM, Inv. Nr. 595!

Erforscht mit Unterstitzung der Ernst
Researched with the support of the Ems'

von Siemens Kunststiftung
t von Slemens Kunststiftung.

Frasersicd
UE FRANCAISE,
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| mC 14 Attribution d’un oeuvre d’art : la Flora

Eninahmen an der Forabiste und an 2 Rellefs e 7 wax samples (unusual material
A coming from sperm whale, called
spermaceti/blanc de baleine)

used for candles, cosmetics,
pharmacy from 1750

Blanc
De Ba!dt\ﬁ

* 3 other samples: wood, paper
and textile
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AMC™

Terrestrial
samples
Wood, paper,
textile

After 1670

Wax samples
(Spermaceti
+ beeswax)
After 1707

LS CE

Death of Leonardo da Vinci

glal (2020

R_Date Flora 5 - wood

R_Date Flora 6 - textile

R_Date Flora 10 - paper

R_Combine Flora - non-wax m@erials

1300 1400 15 1600 1700 1800 1900

Calibrated date (calAD)

OoeCsl wa 4 2 Bronk Ramesy (2020); r

imosphenc dsts from Rsimer 2t 2l (2020}

R_Date Flora 2

R_Date Flora F1

R_Date Flora F2

R_Date Flora F3

R_Date Flora WVI¥'1

R_Date Flora VIV

R_Combine Flora-85%.

L L 1 . 1
1400 1600 1800

Modelled date (AD)

9 dates sur 4 matériaux différents

scientific reports

W) check for updmies

oPEN  New results with regard
to the Flora bust contraver:zy:
radiocarbon dating suggests
nineteenth century origin

Ina Reichel* Lucile Beck® & Ingrid Caffy*

Radiocarbon, Vol 00, Nr 00, 2022, p 1-10 DOI:10.1017/RDC.2022.79
Selected Papers from the 3rd Radiocarbon in the Environment Conference, Gliwice, Poland, 5-9 July 2021.
© The Author(s), 2022. Published by Cambridge University Press for the Arizona Board of Regents on
behalf of the University of Arizona

MARINE RESERVOIR EFFECT OF SPERMACETI, A WAX OBTAINED FROM THE
HEAD OF THE SPERM WHALE: A FIRST ESTIMATION FROM MUSEUM
SPECIMENS

Lucile Beck*® « Ingrid Caffy «* Emmanuelle Delqué-Koli¢ «
Jean-Pascal Dumoulin® < Stéphane Hain * Christophe Moreau® =
Marion Perron * Marc Sieudat « Bruno Thellier « Charlotte Van Hove

Liborté + Egalivé + Frasecsicd
REPUBLIQUE FRANCAISE I It s; ll
DE RADIOPROTECTIO
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l I ' I‘ ]4 (3 https://www.smb.museum/en/whats-new/detail/?tx_smb_pi1%5BnewUid%5D=2125&cHash=ddbaa2b7cda2645cff6c0658592e403f

Museums & institutions  Research  Exhibitions  Education and outreach  Events

O0®0O000

From Fake Flora to a Gold Robbery: A Virtual Tour through the
History of the Bode-Museum

13.04.2021
Bode-Museum
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and Adam Busiakiewicz

Bode Museum Finally Describes their 'Leonardo' as 'Manner of’

April 20 2021

Posted by Adam Busiakiewicz:

The Bode Museum in Berlin have finally come round to re-cataloguing a dubious sculpture in their collection as

'In the manner of Leonardo Da Vinci'.

The above sculpture of Flora was purchased as a Leonardo in full in 1909 by the then director of Prussian art
collections, Wilhelm von Bode. However, recent analysis by the French National Centre for Scientific Research
(CNRS) has concluded that the piece must be a nineteenth century imitation. Scientific analysis has shown that
the majority of the sculpture is made from spermaceti wax, a tvpe of wax harvested for candles during the
nineteenth century. Strong comparisons have been made with several works by the sculptor Richard Cockle

Lucas (1800-1883), who has been suggested as the likely creator of the piece.

Update - A reader has kindly alerted me to the fact the sculpture is included within a new exhibition on the

museum's history entitled Klartext (Plain Talk). A free virtual tour of the exhibition, plus audio guides, can be

accessed here.
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Laboratoire de Mesure d'u Carboe 14

Accueil Carbone 14 Echantillons Spectrometre Le laboratoire Utilisateurs

http://Imc14.lsce.ipsl.fr/index.html

Laboratoire de Mesure du Carbone 14

Le Laboratoire de Mesure du Carbone 14 (LMC14) réalise les mesures de carbone 14 pour la communauté scientifique nationale.
Créé en 2003 en tant qu’unité mixte de service, la Plateforme Nationale LMC14 est rattachée au LSCE depuis 2015.

cea [Cirs Vel

Lucile Beck-2023
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A0 Sample
MC-SNICS

134 Sangle
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Commandé en 2001
1lére mesure en 2003
1 ingénieur, 2 techniciens

SMA ARTEMIS au LMC14

110°Magnatc
Araysis

e - ’
- nut ey
Famday (1 . "
Cha:):cotJp "'

207 gclroshae
Cyindrical
Deflactor

Tandem accelerator

* 3 MV Pelletron tandem (NEC type 9SDH-2)
e Terminal voltage operation : 2.6 MV
e Ar gas stripper (molecules break & charge exchange)

e Final charge states : from 1+ to 4+
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SNICS Il Schematic Diagram

e Two MC-SNICS Cesium sputter ion
sources of 40 and 134 samples

¢ Automated sample changer for high
rate measurement

e 18 kV power supply to extract
negative ions from the source coupled
with a 45 kV power supply to
accelerate the negative ions up to 63
keV in order to enter in the accelerator.

‘
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A0 Sample
MC-SNICS

MC-SNICS

134 Saingle 14C3+ '/‘,Y ,

e 110° Analysis magnet :

Selection in mass, charge (3+) and Energy

e Off line Multi Faraday cup to measure 12C3*and 3C3*
e electrostatic quadrupole analyser ECA (focusing)

e 20° Electrostatic Cylindrical Analyser :

Selection in Energy and charge
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HOME > SCIENCE > VOL. 196, NO. 4289 > RADIOISOTOPE DATING WITH A CYCLOTRON

ARTICLE f ¥ in @ & =

Radioisotope Dating with a Cyclotron: The sensitivity of
radioisotope dating is improved by counting atoms rather
than decays.

REPORT
Radiocarbon Dating with Electrostatic Accelerators: Dating of Milligram Samples i

BY C. L. BENNETT, R. P. BEUKENS, M. R. CLOVER, D. ELMORE, H. E. GOVE, L. KILIUS, A. E. LITHERLAND, K. H. PURSER + SCIENCE - VOL.201,NO.4353 - 28 JUL 1978:345347 &

The recently developed direct counting technique for radiocarbon atoms has been used to measure the relative numbers of such atoms in various geological
samples which had earlier been dated by the beta-ray counting method. Sample weights ranged ...

REPORT
Radiocarbon Dating Using Electrostatic Accelerators: Negative lons Provide the Key A

BY C. L. BENNETT, R. P. BEUKENS, M. R. CLOVER, H. E. GOVE, R. B. LIEBERT, A. E. LITHERLAND, K. H. PURSER, W. E. SONDHEIM =+ SCIENCE + VOL. 198, NO. 4316 + 04 NOV 1977:508-510 &

Mass spectrometric methods have long been suggested as ways of measuring *C/!2C ratios for carbon dating. One problem has been to distinguish between N
and C. With negative ions and a tandem electrostatic accelerator, the *N background is ...
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