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Summary  

The Château de Germolles dating from the 14th century is the best preserved of the 

remaining residences of the Dukes of Burgundy. After being concealed sometime in 

the 19th century, the medieval wall paintings were rediscovered during the 2nd world 

war. They were non-professionally uncovered in the 1970s and then restored in 

1989-1995. No scientific documentation accompanied these interventions and 

important questions, such as the level of authenticity of the mural decorations and 

the original painting technique(s) used in the medieval times remained unanswered. 

By combining appropriate imaging and analytical techniques some of the questions 

raised were addressed, in particular the use of tin foils and gold leafs mentioned in 

the medieval records. Furthermore, the painting techniques used are better 
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understood: stencilling for the “M” and “P” letters with arabesques added to the latter 

and application with mordents of complex metallic decorations for the thistles. Finally 

the conservation condition of the mural decorations could be assessed: if the paint 

layers are rather adherent to the preparation layer, areas of detachment from the 

support have been observed on the upper parts of the walls.  

 

Description of aims  

- Objective 1: Distinguishing original material from restoration work and 

condition state 

- Objective 2: Rediscovery of the original materials and their complex 

organisation 

- Objective 3: Analysis of original materials 

- Objective 4: Understanding the painting technique used 

- Objective 5: Interconnection between data and management of all collected 

data 

- Objective 62: 3D virtual representation of the original decoration 

 

Rationale 

Medieval accounting notes (ADCO- B4434 -1) of the Château record the materials 

acquired to make the mural decoration, but they do not seem to match the 

composition of the existing paintings. In particular the large amounts of metal leaves 

described were not visible on the paintings. This interesting mismatch between the 

archival and material evidence as well as the question of authenticity, were the 

reasons for setting up the Germolles case study. 

The château being open to the public and guiding tours are occasions to report to the 

visitors the recent discoveries made on the wall paintings (level of authenticity, 

painting techniques used), the work carried out within Germolles case study benefits 

to the heritage building itself, the owners and co-managers and more generally to the 

public. 

 

Detailed information about Germolles palace and the wall paintings 

Situated in Southern Burgundy, 10 kms west of Chalon-sur-Saône, the Château de 

Germolles is one of the few remaining princely residences of the end of the 14th 

century still surviving in France. It was owned by Margaret of Flanders, wife of Philip 

the Bold, Duke of Burgundy and brother of Charles V, the King of France. Built 

between 1380 and 1400, it shows the interest of French dukes in rural environments.  

When the Burgundian dynasty collapsed in 1477, the château became property of 

the successive French kings who attributed Germolles to close vassals. Figure 1 

shows that the originally enclosed château suffered from various destructions: the 

                                                           
2 Work under this objective is currently carried out in collaboration with Institut de l’Image in Chalon-sur-

Saône 
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roof of the south-west corner was lost sometime in the 18th century and the 

corresponding walls were demolished after the French Revolution. In 1873 a fire 

ruined a section of the eastern wing, separating definitively the main building from the 

rest of the château. The current owners acquired the château after this accident. The 

entrance gate was listed as national cultural heritage in the middle of the 20th century 

while the rest of the building was protected as historical monument in 1989 after the 

discovery of unique wall paintings (Beck 2002). The château has been open to the 

public for the last 50 years and welcome each year around 10 000 visitors. 
 

 

Figure 1: Bird’s eye view of Château de Germolles in 2007. The château was originally fully enclosed. 

Room dn of the main building is indicated (with a white arrow) while the entrance gate is visible at the 

bottom left,  A. Rodrigue. 

The first (ducal) floor of the main building was decorated with wall paintings produced 

by Jean de Beaumetz (one of the finest artist of the Burgundian School) and his 

workshop. Each of the adjacent apartments comprised a large bedroom and its 

dressing room. In modern times partition walls were erected to subdivide the 

apartments of Margaret of Flanders, Philip the Bold and their daughter-in-law, 

Margaret of Bavaria (Countess of Nevers). Only the dressing room of Countess of 

Nevers (room dn) was not subdivided and is preserved in its original volume (see 

location on Fig. 1). All rooms were re-decorated at the beginning of the 19th century 

with stucco plaster and wall paper. Some of these modern decorations were removed 

in the 1970s after the rediscovery of the paintings in 1940. A first restoration was 

carried out at the beginning of the 1980s. Being considered as unsatisfactory, a new 

conservation campaign followed between 1989 and 1995 after de-restoration.  

These paintings show a regular distribution of large letters (initials of the first names 

of the Duke and/or the Duchess) alternated with flowers (thistles, roses, marguerites) 

on green background (Fig. 2). In Countess of Nevers’ dressing room, the series of 

letters “P” and “M”, as well as of flowers form diagonals (red dashed lines, Fig. 2) 

while the upper part of the letters and of the flowers are aligned (blue lines, Fig. 2). In 

addition to the wall paintings, the rooms were decorated by floor tiles matching the 

floral decorations of the walls. These motifs are characteristic of the courtly love spirit 

that was very fashionable among princely courts at the end of the 14th century.  

room dn 

N 
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Figure 2: Wall paintings decoration of Countess of Nevers’ dressing room after conservation work 

(1989-1995). The red dashed lines and the blue lines illustrate the geometrical repetitive pattern of the 

decoration,  Germolles. 

Although all wall paintings decorations were examined during Germolles case study, 

the report focusses on the large number of comparative observations and analyses 

conducted in Countess of Nevers’ dressing room (dn). 

Brief description of the visual record created, incl. access information and 
copyright (applicable?) 

 

Methodology: Step-by step description of methods and techniques  

Several imaging and analytical techniques were employed at Germolles. They are 
listed below in the same order as they were tested at Germolles. 

- VIS, UV and IR photographs (technical photography) at macro and micro 

levels to assess what was left of the original materials, to locate original 

remains and appreciate the level of conservation work (Fig. 3). This work was 

carried out by SUPSI experts with COSCH financial support before the start 

of the case study in December 2013 (Short term scientific mission: COST-

STSM-TD1201-14196). 

     
           a               b          c 

Figure 3: Preliminary UV observation with mobile hand-held high intensity ultraviolet lamp (a), technical 

photography (b) and micro-technical photography (c),  Germolles. 

- Highlight - reflectance transformation (H-RTI) imaging (first tests) and 

structured light imaging (SLI) to better visualise the stratigraphy of original 

paint layers (Fig. 4). This work also was carried out before the start of the 

case study in spring 2014 by Le2i experts with the financial support of DRAC-

Burgundy. 

1 m 
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         a                          b 

Figure 4: SLI (a) and first campaign of H-RTI measurements using a large red reflective target and flash 

lamp (b) on the north wall of room dn,  Germolles. 

- Close-range photogrammetry to obtain orthophotographs of the four walls of 

room dn used as basemaps to locate all data collected with other imaging and 

analytical techniques (Fig. 5). This work was carried out before the start of the 

case study in September 2014 by Captair expert with the financial support of 

DRAC-Burgundy. 
 

           
a                          b 

Figure 5: Close-range photogrammetry campaign (a),  Germolles and orthophotograph of the west 

wall of room dn,  Captair. 

- Elemental analysis using non-invasive X-ray fluorescence (XRF) 

spectroscopy to determine globally and locally the surface composition of 

paint layers followed with colorimetry measurements to assess the stability of 

the colours of original materials versus time (Fig. 6). This work was once 

again carried out by SUPSI experts with COSCH financial support before the 

start of the case study in October 2014 (Short term scientific mission: COST-

STSM-TD1201-20754). 

    
         a                b 

Figure 6: XRF (a) and spectrocolorimetry (b) measurements on south wall of room dn,  Germolles. 
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- Observation, elemental and structural analysis on cross-sections (optical 

microscopy, SEM3, EDS4, FTIR5) from a micro fragment that detached from 

the surface of a floral decoration to analyse layer per layer the original paint 

layers (Fig. 7). This work was carried out by Le2i, LRMH and HE-Arc experts 

in January 2015 with the financial support of DRAC-Burgundy. 

    
     a        b   c          d 

Figure 7: Sampling of a detached fragment from a thistle (a) and investigation of a cross-section under 

microscope (b), SEM-EDS (c) and FTIR (d),  Piqué and Germolles. 

- Elemental analysis using micro-destructive LIBS6 to validate on several zones 

the depth composition of paint layers (Fig. 8). This work was carried out by 

LRMH experts in February 2015 with the financial support of DRAC-

Burgundy. 

  
               a                     b 

Figure 8: LIBS measurement (a) and laser spot on a “P” letter of south wall of room dn (b),  

 Germolles. 

- Hyperspectral imaging to further investigate in a non-invasive way the mural 

decorations at different depths and investigate the profile of “P”, “M” letters 

and thistles (Fig. 9). This work was carried out by IRAMAT-CRPAA experts in 

March 2016 with the financial support of DRAC-Burgundy. 

                                                           
3 Scanning Electron Microscope 
4 Energy Dispersive Spectroscopy 
5 Fourier Transform IR Spectroscopy 
6 Laser Induced Breakdown Spectroscopy 
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Figure 9: Hyperspectal imaging on one of the “P” of west wall of room dn,  Germolles. 

- IR thermography to assess the detachment of wall paintings from their 

support (Fig. 10). This work was carried out by Politecnico di Milano experts 

with COSCH financial support in April 2016 (Short term scientific mission: 

COST-STSM-TD1201-32432). 

   
        a                  b 

Figure 10: Preliminary IR Thermography carried out in the passive mode (a). Heating of the wall and 

measurement of the surface temperature in preparation of active IRT (b) on west wall of room dn,  

Germolles. 

 

Two tasks were devoted to the comparison between imaging techniques and 

preliminary testing to align data collected during the whole Germolles case study. 

- Comparison of imaging techniques (technical photography and H-RTI) to 

determine the most appropriate techniques to document Germolles wall 

paintings (Fig. 11). This work was carried out by SUPSI experts with COSCH 

financial support in December 2015 (Short term scientific mission: COST-

STSM-TD1201-28877). 
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          a             b                 c 

Figure 11: Comparison of results between micro (a), macro-technical photography (b) and H-RTI (c),  

 Germolles. 

 

- Alignment of data (testing only) as a tool to manage the data collected during 

Germolles case study (Fig. 12). This work was carried out by the author in 

collaboration with MAP experts with COSCH financial support in July 2015 

(Short term scientific mission: COST-STSM-TD1201-25222). 

 

Figure 12: Testing of data alignment between a dense cloud point of south wall of room dn and a visible 

light image of a “P” letter,  MAP & SUPSI. 
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Technologies, tools, software/hardware used 

The techniques and instruments / softwares used to document Germolles wall 
paintings are compiled in the following tables. Table 1 concerns imaging techniques 
while table 2 is for complementary analytical techniques. 

Technique Outcomes Acquisition setup Processing 

Technical 
photography 

VIS, UV, IR 
photographs 

Macro (2 setups):  
o - Setup 1: Digital camera 

CANON EOS 5D Mark II. 
Illumination: Halogen Lowel V 
(500W) lights (for VIS and IR 
light) and UV light: Hg vapour 
lamps with DUG11 filters (to 
block parasitic light). 

o - Setup 2: All as above. 
Illumination (UV light): Mobile 
hand-held high intensity 
ultraviolet lamp, UVAHAND 
250 GS H1/BL. 
Images collected with camera 
software (EOS utilities). 
 
Micro:  
Dino-lite digital microscope 
pro AM413T-FVW with visible 
and UV light sources. 
Connected by USB to 
computer. Three images for 
each area:  
1-incident visible light: using 
microscope visible LEDs,  
2-raking visible light: turning 
microscope LEDs off and 
using a portable flash light to 
illuminate the surface from the 
side, 
3-UV light: using microscope 
UV LEDs.  
Images collected with Dino-lite 
software (Dino Capture 2.0). 

False colours 
carried out using 
Adobe photoshop. 

Structured Light 
Imaging - SLI 

3D 
reconstructions 

3D SMART SCAN scanner 
using the OPTOCAT software. 

OPTOCAT 
software 

Hightlight – 
Reflectance 
Transformation 
imaging – H-RTI 

Polynomial 
texture map 
 

Nikon D 7100 digital camera 
equipped with a variable focal 
(DX-VR, AF-S 18-140) and 
used with maximum 
magnification (140 mm), at a 
working distance of 
approximatively 25cm. 
Illumination: torch equipped 
with a LED of a power of white 
light (XM L2). 

RTIbuilder and 
RTIViewer 
softwares. 

Photogrammetry Point clouds, 
ortho-
photography 

Canon EOS 6D digital camera 
equipped with a 16-35 mm 
stabilized zoom lens set at 16 
mm. 

PhotoScan 
(Captair) or 
processing chain 
Tapioca / Tapas / 
MicMac (MAP). 
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Colorimetry Reflectance 
spectra and 
color space 
tristimulus 
values 

Minolta CM-700d handheld 
spectrophotometer 

 

Hyperspectral 
imaging 

Spectral 
imaging 

CCD camera (HS-XX-V10E), 
developed by SPECIM and 
providing a 1600 x 840 pixel 
resolution, a spectral 
resolution of 2.8 nm and a 
wavelength range between 
400 to 1000 nm. Illumination: 
two halogen lamps oriented to 
45°. 

ENVI 5.2 + IDL 
software to obtain 
an RGB image 
(R=650 nm; 
G=540 nm; B=450 
nm) and grayscale 
images at 
wavelengths 
ranging from 500 
to 1000 nm. 

IR thermography 
- IRT 

IR pictures. 
Mapping of 
detached 
areas 

Thermocamera testo 890 
equipped with IR-FPA (focal-
plane array) detector. IRT can 
be passive or active using an 
air convector. Images 
collected with camera IRsoft 
(Testo) software.  

IRsoft (Testo) 
software using an 
application 
developed by C. 
Tedeschi & M. 
Cucchi that uses 
LabView® platform 
as a programming 
system. 

Table 1: Imaging techniques and instruments / softwares used to document Germolles wall 

paintings. 

 

Technique Outcomes Acquisition setup Processing 

X-ray 
fluorescence 
spectroscopy 

Surface 
elementary 
analysis 

Thermo Scientific Niton XL3t 900 
spectrometer equipped with a 50 
kV X-ray tube with silver anode 
max. 40 µA and Si detector with 
195 eV resolution. 

NDT 7.2.2 
software. 

Laser Induced 
Breakdown 
spectroscopy - 
LIBS 

Elementary 
analysis in 
depth 

3 Ocean Optics ranging between 
200 and 950 nm (from 200 to 340 
nm and from 335 to 445 nm, 
1800 mm-1 grating, resolution 0.1 
nm; from 510 to 940 nm, 600 mm-

1 grating, resolution 0.31 nm) 
spectrometers.  

CALIBSO 
software. 

Energy 
Dispersive 
Spectroscopy 
associated to 
Scanning 
Electron 
Microscopy - 
EDS-SEM 

Microscopy 
and 
elementary 
analysis  

JEOL JSM-5600LV at low 
pressure (17 Pa) and voltage of 
15 kV. 

 

Attenuated Total 
Reflectance - 
Fourier 
Transformed 
Infrared 
spectroscopy - 
ATR-FTIR 

Molecular 
composition 

PerkinElmer spectrum 100 
equipped with deuterated-
triglycine sulfate (DTGS) 
detectors (4000 à 400 cm-1). 

 

Table 2: Analytical techniques and instruments / softwares used to complement the documentation 

of Germolles wall paintings. 
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Standards employed; data formats and protocols 

Each expert involved in the case study used his own protocols. Some of these 

protocols were demonstrated during the COSCH training school organised around 

Germolles case study (April 2016) and dedicated to three easily accessible imaging 

techniques: photogrammetry, technical photography and H-RTI (Fig. 13). 

   
a          b            c 

Figure 13: Demonstration of photogrammetry (a), technical photography (b) ad H-RTI (c) during the 

Germolles training school,  J-M. Vallet. 

 

Guidelines / recommendations on how to use the best photogrammetry and H-RTI 

have been produced by the author (see appendices). 

 

Description of outcomes and issues 

In the following the work carried out is presented in a more logical way than in the 

step-by-step description of the techniques used. 

- Preliminary documentation 

Basemaps of the walls were first created to document all future work. A 

photogrammetry campaign provided orthophotographs. These digital images were 

used to trace manually the outline of the letters. Figure 14 shows on the south wall 

that all “M” and “P” letters seem to have the same form. 

 

Figure 14: Orthophotograph of room dn south wall. The opening of a window in the 19th century caused 

loss of original decoration. The red dotted lines mark the edge of original plaster. The profile of “P” and 

“M” letters is indicated in white, photograph  Guery and outlines,  Germolles. 

1 m 
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Figure 15: VIS and IR (approx. 830-1000 nm) photographic images of a section of room dn west wall. 

Arabesques in the lower part of the selected letter “P” disappear on the IR image,  Piqué. 

The extension of 20th century conservation work was revealed by Infrared (IR) 

pictures (approx. 830-1000 nm) of details of the walls. The holes left by the keying 

process at the beginning of the 19th century were filled before the application of a 

concealing stucco plaster. The missing decoration was recreated over these fills by 

repainting with material transparent to IR (Fig, 15). IR pictures clearly show areas 

original and not original due to the opacity to IR of the original green background. 

Furthermore embellishments (as arabesques) at the lower extremities of the “P” 

selected on figure 15 are less legible on the IR image. Hyperspectral imaging was 

used to investigate further these embellishments. The pictures were used as 

basemaps to indicate specific features like the original profile of the “P” letters (Fig. 

16, picture at 1000 nm) and their embellishment by medieval artists (Fig. 16, RGB 

picture). It appears that the addition of the arabesques was done over the original 

green background making each letter “P” appear a little different in visible light.  

   

   

Figure 16: Hyperspectral imaging of the lower part of the letter “P” shown in figure 15. The white dotted 

line on the “P” photographed at 1000 nm shows the original profile of the letter while the red dotted line 

on the RGB picture shows the profile of the letter after embellishment,  Mounier. 

1 m 

1000 nm 750 nm 

550 nm RGB 

5 cm 
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- Stratigraphy of paint layers 

The letters 

Portable microscopy and micro technical photography using Dino-lite digital 

microscope AD4113T were used to study visually the mural decorations (Fig. 17). 

They revealed that the painting technique used to create the “P” and the “M” letters is 

the same. The stratigraphy of paint layers is as follows: the white preparation layer 

(2, Fig. 17b) is applied on the support (1, Fig. 17a) and is covered with a yellow 

underlayer (3, Fig. 17b). The letters are executed afterwards with a white paint layer 

(4, Fig. 17b).   

    
          a                   b 

Figure 17: Micro observation of an “M” letter with Dinolite® microscope. Support material (a), 

preparation, yellow and white paint layers (b),  Papiashvili. 

 

Non-invasive XRF showed that the preparation layer is rich in calcium (Ca) while the 

yellow layer contains iron (Fe) and the top white paint layer is rich in lead (Pb). 

Traces of titanium (Ti) and zinc (Zn) were detected. Micro-destructive examination by 

LIBS confirmed the elements and the stratigraphy of the different layers. The 

presence of Zn and Ti was confirmed on the white paint layer where barium (Ba) was 

also identified, suggesting that possibly lithopone (barium sulphate combined with 

zinc sulphide) and titanium oxide were used during the recent conservation work. 

The thistles 

Currently, most of the thistles appear white because only the white Ca-based 

preparatory layer remains (Figs. 2 and 18a). Green paint layers as well as isolated 

black remnants of paint are visible in small amounts (Fig. 18a) when they have not 

been toned down by white repainting applied during the 1989-1995 conservation 

campaign. 

The visual examination of the paint remains with portable microscope shows above 

the yellow underlayer a green layer (4, Fig. 18b) that corresponds to the background 

of the wall decoration. Over this green background layer, the thistles were made with 

a complex stratigraphy comprising metallic foils (Fig. 18b). We find successively on 

an orange layer (5) a silvery layer (6) covered with a transparent green layer (7) and 

on top another orange layer (8) covered with a gilded layer (9). 

1 mm 

2 (preparation) 

3 (yellow layer) 

4 (white paint layer) 

1 (support) 

1 mm 
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  a                b 

Figure 18: Macro (a) to micro (b) observation of a thistle with Dinolite® microscope. The stratigraphy 
comprises the underlayers (preparation and yellow layers, the green background (4) and the finishing 

metallic layers (5 to 9),  Papiashvili. 

The analysis of these metallic remains by XRF revealed the presence of tin (Sn) for 

the silvery layer and gold (Au), while copper (Cu) and Pb were identified on the green 

background layers. LIBS confirmed these results. Tin oxidises with time and turns 

black as shown on figures 18b.  

 

Figure 19: Cross-section of a fragment from a thistle observed in visible light under optical microscope. 

The identification of the material was carried out combining FTIR and SEM-EDS analyses,  

 Piqué & Martos-Levif. 

A detached metallic fragment of a thistle (Fig. 7a) was mounted in cross-section and 

examined under optical microscope. The complete stratigraphy of layers could be 

visualised from the yellow underlayer to the upper gold leaf (Fig. 19). EDS-SEM as 

well as ATR-FTIR spectroscopy allowed to further characterize each layer. The 

yellow underlayer contains both Fe, aluminium (Al), silicium (Si) and Ca and is 

probably a yellow ochre rich in clays. The green background is made by two layers 

both containing different ratio of Cu and Pb. The first layer is whiter and contains 

mainly lead white (PbCO3)2Pb(OH)2 while the second is greener and is richer in Cu-

based green. The binder of these Cu and Pb based layers is probably linseed oil, as 

seen by FTIR. The orange layers under the metallic leaves have a variable thickness 

and act as mordents for these layers. Both contain an ochre with Pb and linseed oil. 

Yellow ochre  

White Pb-based with Cu-based 
green (20 μm)  

Green Cu-based with lead white 
(30-60  μm) 

Orange mordent (20-70 μm) 

Tin leaf (20 μm) 

Green Cu resinate (20 μm) 

Orange mordent (5 μm) 

Gold leaf (300 nm) 

4 
5 

6 

9 

4 cm 0.4 mm 

7 
8 
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The green layer on top of the tin is a copper resinate, as seen by FTIR. Black glaze 

or paint layer could be observed on top of some of the gold foils that was certainly 

applied to give some relief to the gold background (Fig. 20) (Mounier, 2010). 
 

 

Figure 20: Micro-photography of a gold leaf from a thistle in the upper parts of room dn showing traces 

of a black glaze or paint layer,  Piqué. 

H-RTI was tested as an alternative to raking light to better visualise details and 

stratigraphies of these paintings. The surface observed was illuminated with a torch 

equipped with a LED (Duffy 2013). Figure 21 shows two snapshots of an H-RTI 

recording of a thistle. The remains of the gold foils are clearly visible on figure 21a 

while the stratigraphy of layers is more legible on figure 21b. 

 

      
   a                    b 

Figure 21: H-RTI snapshots under different illumination angles given by the highlight in the green sphere 
(on the bottom right-hand side of the pictures). Gold remains are evident on picture (a) but not so much 

the stratigraphy of layers. The reverse is observed when the surface is illuminated from the top (b),  

 Germolles. 
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Painting techniques used 

The data collected enable to reconstruct the original painting techniques used at 

Germolles by medieval artists. The lime based preparation layer was first covered 

uniformly with a yellow ochre underlayer. The large letters “P” and “M” were created 

using stencils while a green background was painted all around the stencils in two 

sub-layers with different Cu/Pb ratio probably binded with linseed oil. The letters were 

painted afterwards on the yellow ochre using lead white in linseed oil. If the profile of 

the “M” letters was not further modified arabesques were painted over the green 

background at the extremities, particularly the lower ones, of the “P” letters.  

As regards the thistles, tin foils were cut in the shape of the flowers, were gilded and 

further decorated with black glaze or paint layer to create a relief effect. Medieval 

records show that large quantities of tin foils, almost 2000 pieces, were purchased for 

Germolles (Table 3). Figure 19 indicates that these foils were used in the finishing 

layers of the thistles. 
 

 Germolles Rouvres Argilly chapel Champmol abbey 

Gold foils 2 400 2 400 61 841 66 850 

Gilded tin foils 720 348 288 1 524 

Green tin foils 1 908 60 17 1 524 

White tin foils (unprepared) 540 492 612 840 

Bresin (lb) 1 ¼    

Vermillion (lb) 8 4 86 59 

Lead red (lb) 59 6 158 110 

Indigo (lb) 1  10 7 

Pouille (CaCO3) (lb) 60 6 6 10 

Ochre–berry (lb) 120  68 46 

Linseed & walnut oils (pints) 18  238 190 

Varnish (lb) 89 22 72 82 

Paper (quires) 9 4 ½  3 

Table 3: Painters’ materials in the ducal accounts 1375 – 1416 for four major ducal sites 

(from Nash, 2010). 

Only traces of metallic decoration have survived. Our close observation showed that 

the full stratigraphy of layers is found in all portions of the thistles (flowers, leaves 

and stems), suggesting that the flowers were all fully gilded. It is noteworthy though 

that large amounts of green tin was purchased for Germolles and has actually been 

found in the metallic stratigraphy. What for if not to be seen? Indeed green tin was 

much more expensive than white (not coloured) tin (Nash 2010) that would have 

been perfectly fine. 

Conservation condition 

This study was the occasion to characterize the colour of the paint layers and their 

possible modification with time. A spectrophotometer was used to compare the 

reflectance spectra of a recently exposed green background and portions opened in 

the 1970s. The results showed that this sensitive colour had not changed 

significantly. Apart their embellishment, another interesting feature characterizing “P” 

letters is the greyish colour in some areas along their profile (Fig. 22). It is noteworthy 

that this “alteration” seems to be limited to areas where the lead white is covering the 
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Cu-based green background. This could be related to the well-known lead white 

alteration process (Giovannoni 1990) but the repainting carried out at the end of the 

conservation campaign further outlined the phenomena. 

 

Figure 22: Alteration of lead white creating a shadow effect observed on the edges of a “P” letter,  

 Piqué. 

The paint layers were consolidated with Paraloid B72® at the end of the 1989-1995 

conservation campaign (Takahashi, 1991-1994). Therefore the paint layers are 

generally well adherent to the surface of the walls. However, the metallic remains are 

flaking in a few parts. 

 

Figure 23: Graphical representation (over IR image) of areas of detachment in blue as recorded by 

tactile assessment (knocking method) on room dn north wall,  Papiashvili. 

Investigation with IR Thermography (IRT) was carried out to assess large cracks 

observed on the 19th century cornice of the room. IRT was accompanied by tactile 

assessment to detect delaminated areas. Figure 23 shows on the IR basemap room 

dn north wall the location of detachments perceived by touch (knocking tests). As 

shown on figure 24, the results obtained by IR thermography and by knocking were 

similar.  

4 cm 
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Figure 24: Representation of areas of detachment detected by IRT on room dn west wall,  

 Tedeschi & Cucchi. 

- Alignment of data 

The amount of data collected so far as part of the Germolles case study is enormous. 

Therefore it was important for the owners of Château de Germolles not only to plan 

their archiving and storage but also to deal with their integration, interpretation and 

management. Challenges included having very large files which are processed and 

can be visualized only with specific softwares.   

In particular, the alignment of data is a field of research that requires specific expertise 

in data management (Manuel et al., 2013). Some preliminary tests were carried out 

using the large volume of data collected at Germolles. 

Figure 25 shows for instance how from a photogrammetrically-based point cloud of 

room dn south wall, tie points were searched and found with other pictures having 

different resolutions taken with another camera.  

  

Figure 25: Tie points between the point cloud of room dn south wall and a technical picture of one of the 

“P” of the same wall,  Pamart and Piqué. 
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Another promising application (SIVT - Spatial Image analysis and Viewing Tool, 

Wefers 2016) was tested to contribute to a combined visualization and analysis of 

images displaying details of Germolles wall paintings. Different 3D datasets including 

orthophotograph of room dn south wall were registered and integrated into SIVT as 

basemaps. Images displaying details of the wall painting (such as an IR image of the 

same “P” as on figure 25) were semi-automatically registered allowing a combined 

visualization of the orthophotograph and detailed images (Fig. 26).  

These alignment processes bring new perspectives on the possibility to locate 

pictures of details taken on the walls during a conservation campaign 

(documentation, conservation condition or intervention). 

 

Figure 26: Snapshot from the SIVT application tested on Germolles case study data. The rectified and 

registered IR image of the “P” (red arrow) is displayed on top of the ortho-photograph of room dn south 

wall, Wefers and Reich. 

Evaluation 

The work carried out in preparation of the case study as well as the strategy of 

experiments for the period 2015-2016 were discussed during the kick-off meeting at 

Germolles in January 2015 (Fig. 27). 

 

Figure 27: Partners of Germolles case study at the kick-off meeting in January 2015,  

Germolles. 
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The workflow used all along the project was not the most appropriate as it appeared 

at the end of the project. It depended on the availability of the experts involved and 

funding possibilities. Photogrammetry and IR thermography should have been 

performed first to create basemaps and assess the conservation condition of the 

paintings versus their support. We could have continued with macro and micro VIS, 

UV and IR technical photography, hyperspectral imaging and in parallel XRF analysis 

to appreciate the level of authenticity of the wall paintings. H-RTI and LIBS could 

have followed to characterize better the different stratigraphies of layers. Only 

afterwards invasive examination of samples on cross-sections should have been 

done. Eventually these campaigns could have been accompanied by a final 

colorimetry campaign to assess the colour modification of the paint layers. Such 

results would be used as a reference for further surveys. 

Some results were more informative than others. Results gained from Structured 

Light Imaging (SLI) could not be exploited due to lack of resolution (the lens was not 

adapted). Similarly we did not manage to reach with H-RTI the level of visualisation 

expected. Still this technique is very promising and rather accessible to end-users. 

All these questions were discussed in July 2016 during the final meeting of 

Germolles case study at Institut Royal du Patrimoine Artistique - IRPA, Brussels  

(Fig. 28). 

 

Figure 28: Partners of Germolles case study at the final meeting in July 2015,  

Giuseppe Lugano. 

 

Significance to COSCH and future work enabled 

Germolles case study is highly relevant to COSCH objectives and WGs activities. It 

aimed at:  

- Comparing results between different spatial (WG2) and spectral (WG1) techniques 

on a similar problematic;  



22 
 

- Assessing the approach and the results obtained according to the surface 

characterists of the artefact – WG4; 

- Defining guidelines on the best way to use these techniques (conditions to get the 

best results) in combination with other traditional techniques used in conservation – 

WG4; 

- Disseminating results (guidebook, virtual reconstruction, publications) – WG5. 

The final meeting in Brussels was the occasion to stress the importance to carry out 

a thorough scanning and photogrammetry campaigns of room dn to assess any 

future spatial evolution of the room and align precisely all data collected. This work 

could be carried out in collaboration with i3Mainz and MAP.  

Conservation work might be planned as well to consolidate the detachments 

observed. 

The documentation work carried out will eventually be used to build protocols of 

investigation on other mural decorations at Germolles. 

 

Conclusions 

The appropriate combination of imaging and analytical techniques has allowed us to 

answer some of the questions raised initially, in particular the use of green tin foils 

and gold leafs mentioned in the medieval records that had not been detected until 

now. Our investigations showed that they were used to make the thistles. 

Furthermore the arabesques at the end of letters “P” can now be considered as 

original embellishment made by the medieval artists after the letters “P” and “M” were 

created using stencilling. Furthermore the conservation condition of the mural 

decorations could be precised: if the paint layers are in a relatively good condition, 

areas of detachment from the support have been observed on the upper parts of the 

walls.  

Hatchings on the edges of the “P” showing a “shadow effect” have been observed. 

They look very different from the retouching applied during the conservation 

campaign of the 1990s. Their analysis with LIBS revealed the presence of silver. This 

element could have been used in the medieval times. Further investigation would be 

needed to determine the level of authenticity of the other metallic traces. As said 

before the surface rendering of the metallic thistles remains as well an important 

open question. 

The tools available within the Cost Action COSCH, such as short term scientific 

missions, task force meetings have been essential in bringing to the Château de 

Germolles wall painting conservation professionals and imaging experts that 

contributed to the study of the paintings and to the collection of documentation data. 

The interdisciplinary approach and the integration of the information obtained by the 

various experts were important to reach this level of knowledge. The financial support 

of DRAC-Burgundy gave us the possibility to invite other French experts that joined 

the interdisciplinary team constituted.  

Among the imaging techniques tested at Germolles, some appeared particularly 

adapted to end-users. A COSCH training school finalised the case study to 



23 
 

demonstrate the possibilities of photogrammetry, technical photography and H-RTI 

applied to the documentation of wall paintings. 

The next challenge for the owners of the Château de Germolles is the alignment of 

all these data. We are just at the beginning of this process but the new management 

tools currently developed are offering promising perspectives. 
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