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Boîte-reliure de Maastricht (MR349) from Louvre, Paris

• Compare the enamels’ composition with that of the 
Crown and other objects of the corpus

• Compare the composition of cloisonné enamels 
from the four corner medallions: en plein (eagle, 
lion) vs. enfoncés (angel, ox)

• Analyze the enamels used in the inscription

• Determine the gold fineness in different parts

• Identify original gemstones

Research objectives

©Ollivier, Louvre
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Completed analyses 2023-2024

▪ Imaging (light, UV)

▪ X-ray radiography

▪ Hyperspectral imaging

▪ Optical microscopy of enamels (HIROX)

▪ Chemistry
➢ PIXE/PIGE (metal, enamels)
➢ XRF (metal, nielles, enamels, gemstones)

▪ Wood analysis
➢ Identification : elm tree
➢ Dendrochronology

Analytical methodology

©Ollivier, Louvre
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Analytical nomenclature

Adapted from ©C2RMF, Maigret
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Support developed by the Louvre ‘s mounting department

©Meunier, Louvre 2023.
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Visible and UV imaging

Anne Maigret,
August 29, 2023

Anne Maigret,
August 29, 2023

Florian Meunier
August 29, 2023
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Visible and UV imaging

UV imaging©Ollivier, Louvre ©Maigret, C2RMF
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UV imaging – gemstones

Luminescence of all the pearls and some gemstones

©Maigret, C2RMF ©Maigret, C2RMF
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UV imaging – enamels

Slight fluorescence of whitish opaque enamels

©Ollivier, Louvre ©Maigret, C2RMF
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X-ray radiography of metalwork

Elsa Lambert 
August 31, 2023
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X-ray radiography of metalwork

©Lambert, C2RMF

Lead glass
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Hyperspectral imaging – exploring the finer details

Hyperspectral image acquisition using a HySpex
VNIR1600 (2023)
Final spectral image size: 5.4 GB

HTML viewer:

https://merovingio.c2rmf.cnrs.fr/iipimage/iipmooviewer/MR349.html

https://merovingio.c2rmf.cnrs.fr/iipimage/iipmooviewer/MR349.html
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Hyperspectral imaging – exploring the finer details

demo
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HIROX imaging – zooming into the enamel work

In collaboration with HIROX company

HTML viewer:
https://merovingio.c2rmf.cnrs.fr/iipimage/iipmooviewer/MR349-Hirox.html

Vincent Sabatier, Hervé Le Golvan (HIROX)
Dominique Robcis
September 19-20, 2023

https://merovingio.c2rmf.cnrs.fr/iipimage/iipmooviewer/MR349-Hirox.html
https://merovingio.c2rmf.cnrs.fr/iipimage/iipmooviewer/MR349-Hirox.html
https://merovingio.c2rmf.cnrs.fr/iipimage/iipmooviewer/MR349-Hirox.html
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HIROX imaging – zooming into the enamel work
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Chemistry analysis (AGLAE)

Experimental procedure

AGLAE : Accélérateur Grand Louvre d’Analyse Elémentaire

Ion beam analyses : quantitative elementary chemistry

Metal : two runs (5 and 8 september 2023)
18 points including standards 

Enamels : two runs (14 and 15 september 2023) 
173 points including standards
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Chemistry analysis (AGLAE)

Metal

Au Ag Cu

Angel cloisons (thin and thick) 93,4 4,34 1,04

Angel medallion 94,6 4,35 0,62

Small triangular medallion 98,5 0,96 0,13

Enameled inscription 69,5 20,9 9,24

Lion cloison (border) 94,6 4,20 0,77

Two types of gold alloys
93-95% and 99% 

Gilded silver inscription
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Chemistry analysis (AGLAE)

Enamels
Couleur bleu foncé translucide 

Médaillon ange lion taureau aigle bandeau droite bandeau gauche  

Localisation précise manche nimbe aile tête M2 M3 

Elements majeurs (%mo)       

Na2O 3,89 4,06 3,82 3,90 3,80 4,07 
MgO 0,40 0,43 0,42 0,42 0,45 0,55 
Al2O3 2,90 2,96 2,67 2,54 2,83 3,07 
SiO2 78,0 77,5 78,2 78,3 75,3 75,7 
P2O5 0,15 0,35 0,33 0,41 0,35 0,11 
SO3 0,51 0,46 0,50 0,50 0,70 0,59 
Cl 1,16 1,19 1,23 1,21 0,86 1,07 

K2O 0,93 0,95 0,96 0,89 0,99 1,15 
CaO 7,74 7,87 7,96 7,98 8,56 7,76 
TiO2 0,09 0,09 0,09 0,09 0,10 0,14 
MnO 0,88 1,02 1,10 1,08 0,38 0,71 
Fe2O3 1,77 1,88 1,74 1,65 1,06 1,35 
CoO 0,292 0,286 0,229 0,220 0,103 0,147 
CuO 0,401 0,429 0,367 0,337 0,183 0,535 
Ag2O 0,011 0,013 0,149 0,015 0,069 0,078 
SnO2 0,029 0,030 0,028 - 0,041 0,056 
Sb2O5 0,627 0,407 - 0,269 3,01 2,11 
BaO 0,039 0,028 0,032 0,040 0,028 0,017 

Au2O3 0,024 0,010 0,035 0,024 0,045 0,046 
PbO 0,010 0,022 0,016 0,034 1,04 0,64 

Traces (%mo)       

HgO - 0,001 0,001 0,001 0,002 0,001 
Bi2O3 0,00 0,00 - 0,00 - 0,00 
V2O3 0,003 0,002 0,118 0,012 0,000 0,003 
Cr2O3 0,006 0,003 0,004 0,002 0,003 0,003 
NiO 0,010 0,010 0,008 0,007 0,005 0,007 
ZnO 0,013 0,013 0,014 0,014 0,008 0,014 
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Chemistry analysis (AGLAE)

Enamels

Colour Type of glass Fusing agent Colouring agent Opacifier 

Blue Soda lime Natron Co, Cu Sb, Pb 

Green Soda lime Plant ashes Cu -

Red, purple Soda lime Both Mn, Cu Sb, Pb

White Soda lime Both Sb Sb, Ca

Yellow Soda lime Natron Sb, Pb Sb, Pb

Dark brown Mix alkali Wood ashes Fe Sn, Pb

Presence of both natron- and plant ash-based glasses
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Chemistry analysis (AGLAE)

Enamels

No specific chemical difference between the four corners
But…

©Ollivier, Louvre
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Chemistry analysis – points (XRF ELIO) and maps (XRF ISTAR/MITHRA)

86 points on metal, 
niellos, gemstones, 
enamels

Eric Laval, Thomas Calligaro
September 6, 2023

Florian Meunier (Louvre)
November 21, 2023

angel medallion
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Chemistry analysis – points (XRF ELIO) - enamels
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Chemistry analysis – points (XRF ELIO) – original gemstones

red calco potassic
glass (Cu, Fe, Mn)

ruby (Al, Cr, Ti, Fe)

cornaline (Si, tr Fe) 

chalcedony (Si)

chalcedony (Si)

emerald (Si, Al, Cr)

green lead glass
green lead glass (Pb, Si, Cu)

emerald (Si, Al, Cr, V, Fe)

chrome quartz
(Si, Cr)

alumina silicate
(Si, Al, Fe, Cr)

amethyst (Si) 

Expertise:
Thomas Calligaro

red calco potassic
glass (Cu, Fe, Mn)



Boîte-reliure de Maastricht (MR349) from Louvre, Paris

Chemistry analysis – mapping (XRF ISTAR)

ISTAR : Instrument simple et transportable pour analyse des rayons X
Prototype developed at C2RMF in 2016

Source : Rhodium 40 kV 0.3 mA
Polycapillary lens
Step size 100 µm 
Dwell time : 90 ms
Pixel size = 0,1 mm
Taille de la carto 52x52 mm (520x520 pixels)

1,5%

0,9%

7,6%

7,7%

Glass matrix 
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Mn Cu Co

3,7%

0,4%

1,8%

1,7%

0,01%

0,3%

0,8%

0,9%
3,3%

Glass colouring agents 
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7%

5%

12,5%

Glass opacifiers

https://merovingio.c2rmf.cnrs.fr/iipimage/xrf/MR349.html

https://merovingio.c2rmf.cnrs.fr/iipimage/xrf/MR349.html
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Cartographie chimique et imagerie de réflectance UV-VIS-NIR (XRF MITHRA)

Exemple : spectres UV-VIS obtenus sur l’ange

Rouge opaque

Vert translucide

Bleu moyen opaque

Bleu translucide

Violet translucide

Rose opaque

Données hyperspectrales

Traitement statistique des données à faire pour coupler couleur et chimie
→ Comparaison des différents médaillons
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Cartographie chimique et imagerie de réflectance UV-VIS-NIR (XRF MITHRA)

Spectre NIR (infrarouge) obtenu sur l’ange – marqueur de l’altération du verre ?

1915
1388

Zaleski et al., 2019
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Dissemination and publications

• Florian Meunier, « Romanesque decorative arts in a
European and international perspective: the case of the
Louvre collections », in L’art roman au XXIe siècle,
Poitiers symposium proceedings, Rennes, Presses
universitaires de Rennes, 2025.

• Marie Godet, « Material study of the book cover The
crucifixion and the four evangelists », C2RMF analysis
report no. 54719, 2025.

• Marie Godet, “The Maastricht book cover: scientific
investigation of an 11th-century treasure”, web article,
C2RMF, 2025.
https://c2rmf.fr/actualite/la-reliure-de-maastricht-
enquete-scientifique-sur-un-tresor-du-xie-siecle

• CROWN final publication, planned for spring 2026.

• Participation in the documentary “Die Reichskrone –
myth, mystery, symbol of power”, directed by Klaus T.
Steindl, EPO-Film, ORF/ARTE G.E.I.E., 2024.

https://c2rmf.fr/actualites
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Merci pour votre attention ! Des 
questions ?
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