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An incense holder decorated with émail

champlevé: a non-invasive multi-technical 

micro-analytical study
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1Dept. of Chemistry, University of Torino, Torino, Italy
2Rathgen-Forschungslabor, Staatliche Museen zu Berlin – Preußischer Kulturbesitz
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Abstract
An incense holder decorated with émail champlevé was analysed in a non-invasive way by two micro-analytical techniques. 

The appearance of the enamel in colour and structure raised doubts about the originality of the enamelled areas. Micro X-ray 

fluorescence and micro-Raman spectroscopy have been used to characterise the enamel as well as the metal and the gilding. 

While the analysis of the metal and gilding did not indicate any particular compositional features that contradict the medie-

val origin of the object, the analysis of the enamel suggested a post-medieval material. 

Archival documentation on the incense holder implies that the object has received a re-enamelling at some point in its his-

tory before 1856 when it came into the collection of the Königliche Kunstkammer in Berlin. 

1 Introduction
The collection of the Kunstgewerbemuseum (KGM) der 
Staatlichen Museen zu Berlin holds a so called Weihrauch-
schiffchen which is a liturgical boat-shaped incense holder. 
This incense holder with a circular foot has a flat lid which 
can be opened on one side and is made from gilded cop-
per of which large parts are decorated with opaque émail 
champlevé (Inv. Nr. K 4195; height 5.3 cm, length 17.9 cm, 
width 8.8 cm, Fig. 1).

On the lid, surrounding two inset cabochons and their 
floral ornamental engravings, uniform dark blue enamel has 
been applied encircled by a narrow frame of opaque turquoise 
enamel. 

The boat-shaped body of the incense holder is decorated 
with an engraved waved band framed with dark blue and red 
enamel between two bands of a rectangular pattern in turquoi-
se enamel. 

The Berlin Weihrauchschiffchen has been unanimous ad-
dresses as a Limoges work from the early 13th century (Braun 
1932, Kötzsche 1975) and has been incoporated into the se-
cond volume of the Corpus des émaux méridionaux (CEM II, 
VI C, n° 1) (Gauthier et al. 2011) as ‘Limoges, vers 1210-1215’ 
in 2011.

During a recent campaign of analysis performed on medie-
val enamels of the Kunstgewerbemuseum (KGM), the visual 
inspection of this specific object raised doubts about the ori-
ginality of the enamelled areas. The peculiar hue of the blue 
enamel and, in particular, the very homogenous colour and 
opacification of the enamel - suggesting the use of industrial 
finely ground powder (Biron et al. 1996) - could indicate a 

modern production of the artwork or at least, a re-enameling, 
in the  19th or early 20th century. On the insert in Fig 1. it can be 
seen that the red enamel is laying over a more greenish mate-
rial. This unusual type of layering also represents a technolo-
gical peculiarity. The re-enamelling, whose resulting artefacts 
are called pastiches or mariages, is a well-known procedure 
both in ancient and modern times (Richter 1994, Wypyski 
2000) and can involve parts or the total of the enamelled areas. 

The analysis of incense holder K 4195 intended to analyse 
those areas which were suspected to be made with modern 
materials by a non-invasive multi-techniques approach based 
on optical microscopy, colour measurements, micro-X-ray 
fluorescence (µXRF) and micro-Raman spectroscopy. 

Colour measurements were made to capture the peculiar 
hue of the blue enamels and to compare the colour with pre-
vious measured colours of medieval émaux champlevé. XRF 
analysis was performed to evaluate whether the composition 
of the enamels was compatible or not with an original medie-
val Limoges enamel, the results being compared with previ-
ous literature (Freestone 1991, Biron et al. 1996, Röhrs and 
Stege 2004, Agostino et al. 2010, Biron 2015). The presence 
of compositional markers characteristic of historical enamel 
productions generally makes possible a subdivision between 
medieval Limoges artworks and later “in style of Limoges” 
artefacts, the last being easily recognised by the use of lead 
arsenate as opacifier. 

Raman spectroscopy was applied to confirm colorants and 
opacifiers propositions made upon XRF results and to charac-
terise the matrix of the analysed glassy materials.

FENOGLIO et al.     Micro-analyses of a champlevé enameled incense holder
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2  Experimental
2.1 Micro-X-ray fluorescence

Micro-XRF analysis was performed at the Rathgen-For-
schungslabor using a Bruker ARTAX spectrometer equip-
ped with a Mo target and SDD detector. Measurements were 
collected using the following setup: 45 kV voltage, 500 µA 
current, 100 s accumulation time, He flux, no filter. The 
working distance was about 1 mm and the spot size about 
100 µm. The instrument has an XYZ motorized head and a 
camera-laser system for sample positioning. 
Spectra processing was performed using WinAxil Software 
from IAEA (Van Espen and Lemberge 2000) and quantitati-
ve data was obtained with WinFund module using standard 
materials. These included Corning reference glasses (A, B, C 
and D), produced to be used in historical glass studies (Brill 
1999, Wagner et al. 2012), two soda-lime glasses (NSM 610, 
SGT11) and two Pb-bearing standards (CRM-CZ-400 and 
SRM 89). Considering the presence of different typologies 
of glass matrix, the standards to be used in the calibration 
were carefully chosen to properly predict matrix effects. 

Fig. 1: Above: Incense holder K 4195 from the Kunstgewerbe-
museum, Staatliche Museen zu Berlin – Preußischer Kulturbe-
sitz. Below: The image shows the view from below.

2.2 Micro-Raman spectroscopy

Micro-Raman Spectroscopy was performed using a Hori-
ba XploRa Micro-Raman system. Spectra were acquired 
using a 532 nm laser with maximum power of 25 mW, 500 
hole, 100 slit, 1800 lines/mm grating. The typical measuring 
time and number of accumulation was 5 times 5-25 s for 
crystalline phases characterization and 5 times 25 s for the 
glass matrix. Analyses were performed using a horizontal 
laser beam arrangement that allows measuring large objects, 
which do not fit on the traditional microscope sample stage. 
The modified arrangement consists in a 45° inclined mirror 
placed in the laser pathway, and a short tube (80 mm) placed 
between the mirror and the objective. A 10x or a 50x LWD 
(Long working distance) microscope objective was chosen 
according to measures necessities; the 50x LWD was the 
one typically used. In order to control the sample positioning 
towards the horizontal beam focal spot, an external sample 
stage with motorised x-y (y being the focusing direction) 
movements and manual z was used. 

2.2.1  Raman data processing
Data acquisition and spectra elaboration was performed 
with LabSpec software. All spectra underwent background 
subtraction using a linear baseline with attach points at about 

~300, ~700, ~800/850 and 1300 cm-1. The trend of the back-
ground, in particular before 300 cm-1 required adding further 
attaching points, which introduced some fictive signals in 
these areas that were not taken into account. Representative 
raw Raman spectra prior to background subtraction are re-
ported in Fig 2. 

Attribution of crystalline phases was made upon compa-
rison with literature data and on-line databases (University 
of Parma 2009; Lafuente et al. 2015). The decomposition of 
the stretching and bending massifs of silica in its vibrational 
components followed the model proposed by Robinet et al. 
for lead-alkali glass (Robinet et al. 2008). We chose to apply 
this model in place of the Q

n
 components model proposed 

and defined by Colomban for the study of glassy silicate 
materials (Colomban 2003, Colomban 2005, Colomban et 
al. 2006a, Colomban et al. 2006b) which is generally used 
in literature (Ricciardi 2008, Tournié 2009, Ricciardi et al. 
2009b, Kirmizi et al. 2010a, De Ferri et al. 2012, Caggiani 
et al. 2014). The model proposed by Robinet et al. is slight-
ly more refined and it allows obtaining compositional data 
on lead, silica and alkali (alkaline+alkaline earth metals) 
contents, which we were interested in comparing with XRF 
quantitative results and whose results will be discussed in 
more detail in a forthcoming paper (Fenoglio et al. forth-
coming).

FENOGLIO et al.     Micro-analyses of a champlevé enameled incense holder
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Fig. 2: Examples of raw Raman spectra obtained on K 4195 glassy materials.

2.2.2 Raman spectroscopy on glass
The spectrum obtained from a vitreous silicate-based mate-
rial is a fingerprint of the glass structure and it is related to its 
composition and thermal history. Information on the matrix 
typology can be obtained comparing the spectra shape of the 
investigated glass with reference spectra of glass families 
as described in literature (Colomban et al. 2006a, Robinet 
et al. 2006, Robinet et al. 2008). The spectrum may contain 
crystalline phases that produce signals that need to be re-
cognised and separated from the silica network fingerprint. 
Crystalline phases are generally associated to unreacted raw 
ingredients, opacifying or colouring agents, and produce 
sharp signals whose identification is based on comparison 
with literature or with on-line spectral database (University 
of Parma 2009, Lafuente et al. 2015).

Raman spectra of silicate glasses are instead charac-
terised by two main massifs at about 300–600 cm-1 and 
900–1300 cm-1: the first corresponds to the convolution of 
Si-O-Si bending vibrations of the polymerised structure, 
and the second to Si-O stretching vibrations of depolyme-
rised silicate species (Mysen et al. 1980, Mc Millan 1984, 
Robinet et al. 2006). The interpretation of the different vi-
brational components follows the model derived from the 
study of crystalline silicates. The tetrahedral structures 
are classified on the base of their structural units, which 
are identified with the number of Non-Bridging Oxygens 
(NBOs) and thus referred as Q

n
, where n=0 for isolated 

tetrahedrons and n=4 for pure silica. For silica glasses the 
Q

n
 model indicates a total of five components for each 

massif, excluding that extra-bands can belong to the si-
licate network. 

Specific assignments to glass families and more detailed 
information on the matrix require extracting specific Raman 
parameters: the wavelength shift and area of the bending and 
stretching regions, δ

max
 and A

500
, ν

max
 and A

1000
 respectively. 

The ratio between A
500

 and A
1000

 is known as Polymerisation 
Index I

P
 and according to previous studies it is: a) correlated 

to the structure of the Si-O network and its polymerizati-
on degree; b) influenced by the nature and quantity of the 
modifiers and by the production techniques applied (Co-
lomban 2003, Colomban 2005); c) correlated to the melting 
and working temperature, thus providing information on the 
production processes undergone by the studied object (Co-
lomban 2003). For what concerns the maxima of the massifs, 
the shift of the ν

max
 is mostly related to the mass of modifiers’ 

cations, while the δ
max

 origins from their ion charge, which 
involves changes in the Si-O angles (Kirmizi et al. 2010a). 

2.3 Colour measurement

Colour measurements have been carried out by a Vis-spec-
trometer (Zeiss PDA Vis spectrometer, type MCS621 VIS 
II) coupled with a stereo zoom microscope (Zeiss SteREO 
Discovery V8 stereo microscope with 8x manual zoom). A 
more detailed description of the device used can be found 
elsewhere (Röhrs and Stehr 2014). 

An external light source has to be used to illuminate the 
object surface. A cold light source with swan-neck light gui-
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des (SCHOTT KL 1500 LCD with a Phillips 15 V, 150 W 
halogen cold light illuminant) was used. The illumination 
of the sample area can be adapted to be at 45° to the surface 
normal. The fibre optic of the light guides can be attached to 
the microscopic stand of the zoom microscope. This ensures 
that the illumination conditions remain identical when the 
microscope is moved relative to the object to focus onto the 
surface studied. 

The diffuse reflected light passes through the zoom 
microscope and is guided to the spectrometer via an interfa-
ce (manufactured by A.S. & Co Munich, Germany), which 
is fitted on the camera adapter and couples the microscope 
with the optical fibre. 

The size and shape of the selected area on the object sur-
face depends on the size and shape of the aperture in the 
interface and the magnification factor of the microscope. 

Documentation of the selected area is possible with a di-
gital camera. For the measurement of the enamels no pinho-
le was inserted into the microscope-spectrometer interface 
resulting in a selected area for the measurements with a dia-
meter of approx. 0.4 mm at a zoom factor of 5.

The results of the colour measurements are presented as 
point in the CIELab colour space. The variable L gives the 
lightness of the colour. The projection into the a/b–plane re-
presents the hue of the colour by their relative position to the 
a and b aches; the further a point is away from the origin of 
the coordinate system the stronger is the saturation of the 
colour.  

Measurements on early enamels from Limoges and Rhe-
nish / Mosan area have been carried out and can serve as 
references for the new measurements on the K 4195. The 
objects, which have been tested are: Book cover (KGM inv. 
no. 1908,38), Limoges 4. Quarter 12th c. AD; a Book cover 
(KGM inv. no. W-1974,59), Limoges, 1. Quarter 13th c. AD; 
Ornament (KGM inv. no. W-1984,25), Treves around 1230 
AD and the so called Tower-Reliquary (Hessisches Landes-
museum Darmstadt inv. no. Kg 54:239), Cologne, 1180/90.

3  RESULTS AND DISCUSSION
3.1 Micro-XRF ANALYSES

3.1.1 Metal
Micro-XRF analysis performed on the exposed metal areas 
of the incense holder indicates a rather pure copper with tra-
ces of lead and iron, a composition which would be com-
patible with an original medieval artwork (England 1986, 
Biron et al. 1996). Gilded areas contain gold and mercury, 
the  presence of the last element suggesting an amalgam gil-
ding (Anheuser 1997), which has been used traditionally in 
the medieval Limoges. However, this gilding typology was 
widely used up to mid-19th century (Arminjon and Bilimoff 
1998), and may still have been used later, particularly by 
smaller workshops. The enamelling would require a higher 
temperature than the process of the amalgam gilding. Over 

firing of a gilding during a re-enamelling process might lead 
to damage and delamination of the gilding as it has been 
observed on silver objects (van Bellegem et al. 2008) and 
any polishing of the enamels would have erased the gilding. 
Therefore, it is expected that the gilding has been performed 
after the enamelling. 

3.1.2 Enamels
For what concerns the glass materials, XRF spectra were 
collected on all colour shades of enamels present on the 
artwork, that is blue, turquoise and red, and on the stones 
applied on the lid of the incense-holder. Attention was given 
to analyse the enamel in clean areas.

According to our results, all enamels applied on the object 
contain lead and arsenic, which would suggest lead arsenate 
as the opacifier. The use of this opacifier is considered an in-
dicator of en style de Limoges artefacts produced during the 
19th-20th centuries (Biron et al. 1996, Röhrs and Stege 2004). 
The enamels contain low amounts of Fe

2
O

3
 and TiO

2
, Al

2
O

3 

being under the quantification limit, indicating a pure source 
of raw materials. CaO contents are about 1.5-2.0 wt%. K

2
O 

contents are quite high, about 6-10 wt%. Considering that 
in all data the dark matrix is about 10 wt%, the presence of 
Na

2
O is rather possible, suggesting a mixed alkali flux. 

The blue enamel contains about 20 wt% PbO, 5 wt% 
As

2
O

3
, 7-8 wt% K

2
O  and 1.4 wt%  CoO as colouring agent. 

BaO contents around 0.1 wt% appear to be connected to this 
enamel colour, such as NiO, which is most likely related to 
the presence of CoO.

The turquoise enamel indicates similar contents: 
19-21 wt% PbO, 6-8 wt% As

2
O

3
 and 9 wt% K

2
O. The 

enamel contains about 3-4 wt% CuO, considered to be 
the colouring agent. The presence of SnO

2
, ranging from 

1.5 to 4 wt%, can be explained as a necessary ingredient 
to obtain the turquoise colour in a lead-rich matrix, which 
would otherwise be green. According to literature, the ad-
dition of tin to the matrix would induce a shift towards 
blue, an effect also obtained with boron addition (Lehn-
häuser 1959).

The red enamel shows relevant contents of iron and cop-
per, both about 2.5 wt%, suggesting the presence of cuprite 
and/or hematite as colourants and opacifiers. Iron was gene-
rally introduced as reducing agent in order to facilitate the 
reduction of copper ions to cuprite, but in this case it could 
be present as hematite and contribute to the colour and opa-
cification. The As

2
O

3
 content is much lower, around 0.5 wt%, 

while contents similar to the previous colours are observed 
for the other elements: about 24 wt% PbO and 7 wt% K

2
O. 

The analysis of the cabochons indicates that both are 
lead-rich glasses, with PbO contents around 30-40 wt%. 
Both glasses contains about 0.5 wt% Fe

2
O

3
, while the green 

one contains a higher CuO content, about 0.9 wt%, which is 
most likely the colouring agent. 
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3.2  RAMAN ANALYSIS

3.2.1  Crystalline Phases
The presence of an arsenate compound acting as opacifier, 
proposed upon XRF results, was confirmed in both blue 
and turquoise enamel by a strong signal at 830 cm-1 (Fig. 3). 
This signal is characteristic of As-O stretching vibrations of 
the AsO

4
3--ion, which are generally revealed between 810 

and 850 cm-1 in Ca/Pb arsenate compounds (Caggiani et al. 
2014). The identification of the specific arsenate compound 
is not straightforward. The literature review allowed under-
lying that some authors use the term “lead arsenate” in re-
ference to a phase identified with the main peak at 813 cm-1 
(Van Pevenage et al. 2014) and 820 cm-1 (Kirmizi et al. 
2010b). Colomban (2012) uses the general term “arsena-
te white”, most likely meaning lead arsenate, for a phase 
characterised with peaks at about 815-825 cm-1. Other au-
thors are more cautious and refer identifying a general Ca/
Pb arsenate compound thanks to the strong narrow peak at 
825 cm-1 (Ricciardi 2009, Tournié 2012). Caggiani et al. 
(2014) indicate detecting a distinctive shift of the peak 
in two different sets of objects, varying from 815-825 to 
805-810 cm-1, suggesting the presence of two arsenate pha-
ses. The signal observed in the enamel of K 4195 appears to 
be positioned at slightly higher wavelengths than reported 
in the literature. However, the same peak at 830 cm-1, was 
also observed on Raman spectra collected on laboratory 
samples opacified with arsenate in a lead rich matrix.

The blue enamel appears to be very homogenous with 
no noticeable grains within the matrix, suggesting that a 
very fine powder was used for its production (Fig. 4a). On 
the contrary, a more detailed observation of the turquoi-
se enamel allowed observing the presence of transparent 
areas dispersed within the enamel, possibly a clear glass 
surrounding homogenous grains of turquoise opaque glass 
(Fig. 4b). In some cases the clear glass was bearing white 
crystalline clusters, which could be identified as cassiterite, 
tin dioxide, thanks to the doublet at about 635 and 775 cm-1 
(Fig. 3).

The Raman spectra collected on the red enamel cont-
ained only little Raman signal and more spectral noise com-
pared to the other spectra. Neither lead arsenate signals nor 
a clear signature for the red colouring agent was identified 
(Fig. 3). Two small peaks at 215 and 270 cm-1 seemed to be 
indicative of a phase presence. However, these signals were 
observed in all spectra collected on K4145 and could not 
be assigned to any specific phase. The presence of a weak 
signal at about 490 cm-1 together with a signal at 215 cm-1 
would suggest the presence of hematite, though this does 
not exclude the presence of cuprite within the matrix.

The clear bead did not show the presence of any crystal-
line compound, the spectra only showing the silica-matrix 
massifs (Fig. 3).

Tab. 1: Quantitative µ-XRF results expressed in wt% (nd = not detected)

Measure Al
2
O

3
SiO

2
K

2
O CaO TiO

2
MnO Fe

2
O

3
CoO NiO CuO ZnO As

2
O

3
SnO

2
PbO BaO SUM

Blue <1.2 52 7.5 2.2 0.030 0.24 0.12 1.3 0.05 0.05 0.007 4.8 nd 19.7 0.14 87

Turquoise <1.3 47 9 1.7 0.020 0.05 0.10 nd nd 3.7 0.023 7.1 2.5 20.1 nd 91

Red nd 43 7.7 2.1 0.020 0.05 2.40 nd nd 2.60 0.400 0.4 nd 23.8 nd 82

Clear 

Cabochon
<1.3 45 5.9 2.9 0.100 0.10 0.61 nd nd 0.33 0.036 0.0 nd 40.0 nd 92

Fig. 3: Raman spectra of blue and turquoise opaque enamel in-
dicating AsO

4
3--ion signal, white cluster in the clear transparent 

area of the turquoise revealing Cassiterite doublets.
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3.2.2  Glass matrix
The shape of the stretching and bending regions of silica in 
the Raman spectra indicates a lead-bearing glass matrix for 
all enamels (Fig. 5). The maximum of the stretching region 
(ν

max
) and the whole massif of stretching signals is positi-

oned towards lower wavelengths compared to alkali-silica 
glasses. 

Nevertheless, variations in the stretching region can be 
observed: The transparent bead and transparent glass of 
turquoise enamels are similar in the stretching region shape, 
for what concerns the wavenumber and intensity of the ma-
ximum. The spectra are centred at lower wavelengths, ν

max
 

being 1030 cm-1 for the clear bead and the clear glass in the 
turquoise. Substantially different are the blue and turquoi-
se opaque enamels, with doublets at about 990 and 1060-
1070 cm-1, the second one being the most intense. 

Different again is the red enamel, with ν
max

 at about 
965 cm-1. 

3.2.3  Raman parameters of bending and stretching
   regions in spectra of glass
In order to obtain detailed information on the glass matrix, 
the spectra were decomposed and parameters were extracted 
from the Raman spectra. These comprehend the wavelength 
of the bending and stretching regions, δ

max
 and ν

max
, and the 

area of the corresponding massifs, whose ratio (A
500

/A
1000

) gi-
ves the polymerisation index I

P
. Average data are shown in 

Tab. 2 and plots of obtained parameters are presented in Fig. 6 
and Fig. 7, together with clusters associated to specific com-
positional information derived from literature. In particular, in 
Fig. 6 the bending and stretching maxima are correlated to 
shifts induced by the content of glass modifiers (Robinet et al. 
2006, Robinet et al. 2008, Ricciardi et al. 2009a, Kirmizi et al. 
2010a, Colomban et al. 2012). In Fig. 7 data is compared to 
clusters associated to Glass Families as defined in Colomban 
studies on glassy silicates (Colomban et al. 2006a) together 
with further information on alkali and lead-induced ν

max
 shifts 

(Robinet et al. 2006, Robinet et al. 2008). 
Plot of δ

max
 against ν

max
 (Fig. 6) suggests a high PbO mat-

rix for the red enamel. Blue and turquoise enamels are close 
to the Na

2
O low CaO group (Ricciardi et al. 2009a, Kirmizi 

et al. 2010a) or to alkali lead glasses. The clear cabochon 
and clear transparent glass of the turquoise fall in an inter-
mediate position between red and blue/turquoise enamels. 

The plot of the ν
max

 and I
P
 (Fig, 7) indicates a similar si-

tuation. According to Glass Families subdivision (Colom-

Fig. 4: Microphotography of the blue (left) and turquoise enamel (right). The clear glass surrounding the opaque turquoise glass is 
visible, and some very fine blue grains can also be observed. These are most likely a contamination from the blue powder used for 
the blue enamel during the fabrication process and confirm its very fine grinding.

Fig. 5: Representative spectra of the enamels (blue, turquoise 
opaque and clear areas, red) and the clear bead.
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ban et al. 2006a) the red enamel belongs to the PbO rich 
group and the clear bead and clear glass of the turquoise fall 
together with the PbO+Na

2
O group. The blue and turquoi-

se enamel are again close to the Na
2
O group, in particular 

because of the relevant I
P
, while information on ν

max
 shifts 

on alkali and lead bearing matrices (Robinet et al. 2006, Ro-
binet et al. 2008) would rather suggest an alkali lead matrix. 
As better explained in the following paragraphs, the inter-
pretation of the Raman data is not straightforward. The XRF 
data indicates a rather high K

2
O content, which has not been 

discussed in previous Raman literature and data obtained on 
blue and turquoise enamel is probably affected by a relevant 
overestimation of the I

P
, which would move its position on 

the plot towards the PbO+Na
2
O group.

Remarks on the role of baseline subtraction and crystalline 
phases in the calculation of I

P
 values

As reported in the “Experimental” section, all collected 
spectra present a relevant contribution by spectral backg-
round in the low-wavenumber region (Fig. 2). The backg-
round subtraction in this region can induce a modification 
of the I

P
 ratio, and previous works already suggested con-

sidering this parameter in a relative rather than absolute 
way (Ricciardi et al. 2009b, Kirmizi et al. 2010b). Ac-
cording to our experience, shifting the baseline attaching 
point close to the massif at 500 cm-1 to the positions 200, 
240 or 300 cm-1 (hereafter referred as Bk

200
, Bk

240
, Bk

300
) 

may produce relevant I
P
 variations. In particular, results 

on reference materials indicate that alkali silicate mat-
rices undergo an I

P
 reduction of about 0.2 when moving 

the attaching point from Bk
240

 to Bk
300

. Similar results 
were observed for low-Ca Pb-containing glasses, while 
high lead and soda-lead did not present relevant varia-
tions. Data obtained using Bk

240
 seems falling in the cor-

rect Glass Family cluster, however this baseline could not 
be applied because of the presence of a couple of parasi-
te peaks at about 215 cm-1 and 270 cm-1 in all collected 
spectra. Considering this information, Raman features 
obtained on Corning glasses A and B applying Bk

300 
were 

also plotted on the graphs to give an indication of I
P 
shifts 

due to spectra processing.
A further point of discussion is that all previous works 

on Raman spectroscopy applied to glassy matrices un-
derline the necessity to obtain “good quality spectra” to 
produce reliable data. In some cases specific colours (i.e. 
yellow) were completely excluded, as it was not possib-
le to avoid signals from the crystalline phases (Kirmizi 
et al. 2010a). Indeed, when the presence of crystalline 
compounds cannot be avoided in the spectrum and their 
content is relevant, the removal of their contributions is 
a further step that can induce errors in the I

P
 calculation. 

In the specific case of incense holder K 4195, the pre-
sence of a strong lead arsenate signal in the blue and tur-

quoise opaque enamel also concealed the presence, po-
sition and intensity of the weak bands at about 800 cm-1 
related to the Si-O-Si network. In a minor way, it proba-
bly also affected the intensity of the bands at 922 cm-1, 
950 cm-1 and 990 cm-1 related to Q

2
 Si-O signals. In ge-

neral, we suppose that spectra collected on the blue and 
turquoise are susceptible of an underestimation of the 
922 cm-1 and 950 cm-1 components and as a consequence, 
an overestimation of the I

P
, and possibly of ν

max
.

Comparison of Raman compositional information with 
XRF data 
When comparing the assumptions made on the matrix ty-
pology upon Raman to XRF data, a principal difference is 
the K

2
O content, as Raman results tend to indicate a Na

2
O 

dominated flux with variable PbO contents and XRF ana-
lysis indicates the presence of a relevant K

2
O content, 

about 6-10 wt%, in all enamels and in the cabochons. 
When working on heterogeneous material, differences 
are to be expected between XRF and Raman results. XRF 
analysis produces an average data on the composition 
of the analysed volume, including the glass matrix and 
eventual crystalline phases. On the contrary, when perfor-
ming Raman analysis of the matrix, particular attention is 
given to collect spectra excluding the crystalline phases, 
as their signals can interfere with the study of the silica 
matrix signals. However, according to the author opinion, 
the different K

2
O contents do not present a real diver-

gence between Raman and XRF data upon the type of 
flux. In the first place, XRF data indicates a dark matrix 
around 10 wt%, thus suggesting the presence of Na

2
O. 

In second place, as this specific composition, Pb-silica 
glass with mixed alkali flux and low CaO, is not discus-
sed in literature, the behaviour of its Raman parameters 
still has to be better determined, and it does not exclude 
a superposition with other glass families. In third place, 
for what concerns the blue and turquoise enamels, it has 
been described above that we expect an overestimation of 
the I

P
, and possibly of the ν

max
, which would move these 

data towards Raman features owned by the clear bead 
and clear glass of the turquoise. 

In general, Raman features confirm the reduced con-
tent of CaO, while the information on glass modifiers, 
apart from the presence of Na

2
O, is less clear. Conside-

ring literature, a shift of ν
max 

towards lower wavelengths 
suggests increasing contents of PbO or K

2
O, while an 

increase in CaO induces a shift of δ
max

 towards higher 
wavelengths. The information on K

2
O content provided 

by XRF analysis let arise a relevant question about the 
interpretation of the shift along the ν

max
. Our data sug-

gest a difficulty in discriminating shifts produced by PbO 
presence in a Na

2
O or mixed alkali matrix, which would 

require further studies.
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Fig. 6: Plot of Si-O bending versus Si-O stretching maxima. Compositional clusters are indicated according to literature: continuous 
line (Ricciardi et al. 2009; Kirmizi et al. 2010a; Colomban et al. 2012); dotted line (Robinet et al. 2006; Robinet et al. 2008). Arrows 
are from (Colomban 2013). Data obtained on Corning glasses A and B are indicated by the circle with dotted-dashed line.

Fig. 7: Plot of Si-O stretching maxima versus I
P
. Compositional clusters are indicated according to literature: continuous line (Ricciardi 

et al. 2009), dotted line (Robinet et al. 2006; Robinet et al. 2008). Data obtained on Corning glasses A and B are indicated by the circle.
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Tab. 2: Average Raman features calculated upon deconvolution of the spectra with Bk
300

.

 δ
max

ν
max

I
P

Blue 476 1065 0.9

st.dev. 3 3 0.1

Turquoise 456 1070 1.1

st.dev. 2 2 0.1

Turq. Clear 470 1037 0.6

st.dev. 5 5 0.1

Red 476 965 0.5

st.dev. 2 1 0.1

Clear bead 502 1030 0.3

st.dev. 2 0 0.0

3.3 Colour measurements

The colours red, blue and turquoise of the incense holder 
K 4195 have been measured and compared with measu-
rements from a series of medieval Limoges and Rhenish / 
Mosan enamels. For comparison the measurements results 
have been plotted in a graph representing the colour values 
a* and b*. The corresponding colours, which are perceived 
by the human eye, are indicated by the labels in the rectan-
gular shapes (Fig. 8). The measurement points of the incense 

holder do not fall together with the group of the medieval 
enamels. The turquoise data points have lower a* values 
compared to the reference group. The data points from the 
red and the blue of K 4195 are further away from the origin 
of the graph. Especially, the blue of K 4195 is at much hig-
her a* and lower b* values and was the colour which arouse 
interest in this objects for further studies because of the slight 
reddish hue of the blue.

FENOGLIO et al.     Micro-analyses of a champlevé enameled incense holder
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4 Conclusions
In the present work a non-invasive multi-technique appro-
ach, based on µ-XRF, µ-Raman micro-spectroscopy and 
colour measurements, was applied to verify the compati-
bility of incense holder K 4195 with a traditional medieval 
Limoges manufacturing techniques and to obtain informa-
tion on the composition of the enamels and the colouring 
and opacifying agents. 

The conjoint application of µ-XRF and µ-Raman spec-
troscopy allowed characterising the crystalline phases and 
an in-depth study of the glassy matrix. Information pro-
vided by µ-Raman investigation of the matrix is comple-
mentary to µ-XRF results. Point measurements by µ-XRF, 
even at this micro-scale with a spot size of 100 µm always 
gives average elemental information on the analysed area, 
including both crystalline phases and the glass matrix. The 
µ-Raman investigation uses a spot size on the order of se-
veral µm, thus generally enabling to probe these phases 
separately. 

In the case of incense holder K 4195 µ-Raman analysis 
allowed differentiating glass typologies used for the enamel-
ling, suggesting that they belong to Glass Families 5 and 7, 
i.e Na

2
O+PbO and high PbO. In the case of the turquoise 

enamel two different glasses were found in the same colour. 
However, the interpretation of the glass families still 

needs some more methodological work. According to litera-
ture, Raman parameters allow differentiating compositional 
clusters associated to modifiers presence. No detailed infor-
mation was however available in literature on the Raman pa-
rameters associated to this specific composition, which is a 
high-lead low-calcium mixed alkali silica glass. Furthermo-
re, the influence of compositional additions that are typical 
for enamels has not been considered by other authors. Com-
pared to glass and transparent glazes used in literature to de-
fine compositional clusters, the enamels of incense holder K 
4195 have a higher content of opacifiers (here e.g. arsenates) 
and colouring ions (as copper). Their role on Raman signal, 
in particular the arsenates presence, has not been discussed 
in detail, suggesting that further studies are needed.

In conclusion, according to the analytical results obtained 
in this study, the compositions of the enamels of the incense 
holder K4195 which were analysed are not consistent with 
an original medieval Limoges artwork. Particularly, the hig-
her lead values and the use of an arsenate-based opacifier are 
features typical of a 19th-20th century production. 

The colour measurements did indicate discrepancies bet-
ween the enamels of the incense holder and genuine medie-
val émail champlevé. The most significant colour difference 
was found in the blue enamels although the same colouring 
ion (i.e. cobalt) has been used. This result is interesting as it 
indicates that certain glass matrices are shifting colours in 
such a way, that it can be picked up by eye and via Vis-spec-
troscopy. 

The analysis of the metal and the amalgam gilding did not 
allow obtaining further indication for the production date of 
the object. The materials used are not strictly indicative for 
a certain period (England 1986, Biron et al. 1996). However, 
it is likely that the gilding is post medieval too, as it had most 
likely been applied after the enamelling, since polishing the 
enamels surface after its firing would have removed or da-
maged the remaining gilding. 

Nonetheless, there are several arguments against the attribu-
tion of the Weihrauchschiffchen of the Berlin Kunstgewerbe-
museum being, as a whole, a reproduction from the 19th century. 

The characteristic construction of the object, the extensive 
traces of corrosion and use, as well as the stylistically uncritical 
ornamental work and the less elaborated way of their execution 
indicate the contrary. 

Two stylistic and technical closely related incense holders in 
Paris define the art historical context for the provenance of the Ber-
lin Weihrauchschiffchen to the Limoges ateliers of the 13th cen-
tury, i.e. in the Musée du Louvre (Gauthier et al. 2011, VI C, n° 6) 
and the Musée de Cluny (Rupin 1890, Fig. 605). The object 
could therefore be a pastiche, i.e. an original medieval base 
re-enamelled with a ‘modern enamel’.

The incense holder K 4195 was assigned to the Berlin 
Kunstgewerbemuseum from the Königliche Kunstkammer (Ro-
yal Art chamber) in 1875. Almost two decades before, in 1856, 
the object was purchased by the Kunstkammer from the Berlin 
art dealer Friedrich Meyer. Already at that time, the object had 
been at large in this today’s condition, as it can be read in the de-
scription of the object in the inventory of acquisitions. Although 
the contemporary alteration of the enamel had been deliberately 
understated, the inventory entry testifies that the enamels had 
been partly renewed: „Emaillen theilweise erneuert”

The documented collection historic circumstances the-
refore allow dating this remarkable early extensive re-ena-
meling of a medieval Limoges artwork with industrial raw 
materials to the period before 1856.
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