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Abstract 

Limoges enamels on metal from the 17
th

 to 18
th

 centuries were analysed by non-invasive 

Raman microspectrometry with a mobile set-up in storage at the Musée des Arts Décoratifs 

(Paris) in order to identify the types of glazes and pigments used and to compare them with 

those found in Chinese cloisonné and falangcai enamels painted on metal and porcelain from 

the Kangxi and Yongzheng reigns (Qing dynasty). Certain French Jesuit and Chinese 

historical records report exchanges of technical know-how and artefacts during this period 

from France to China. Particular attention is paid to the detection of lead arsenate in blue and 

white enamels as well as in the whitened ones. Lead arsenate appears to be formed in blue 

enamels due to the high arsenic content of European cobalt ores exploited during the period in 

question.  

+ Graphical abstract 
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1. Introduction 

 

The term “enamelling” refers to the application of a coloured glaze to a metal, ceramic or 

glass substrate. The earliest examples of enamelling on metal are observed in the golden rings 

from the Mycenaean tombs dating to the second millennium B.C. in Cyprus [1, 2], and Celtic 

jewellers brought this art to a high level of quality with various enamelling techniques such as 

champlevé and cloisonné as early as the 3
rd

 century B.C. [3, 4]. The Byzantines then 

particularly achieved the mastery of enamelling, mainly the cloisonné technique, from the 8
th

 

century onwards [5]. At the same time, Western Europe showed a continuous development in 

enamel making during the Middle Ages, when Limoges became a centre of the production of 

enamels on copper alloys during the 12
th

 century in France. So-called painted enamels 

emerged in the 15
th

 century at Limoges [2, 6-9], where craftsmen mastered the painting of 

elaborate, multi-coloured scenes and figures on the entire metal substrate with a sophisticated 

know-how of the use of different glaze compositions and numerous firing cycles. Artefacts 

made during the Middle Ages and the Renaissance are highly prized by scholars and 

collectors [6, 8]. However, the enamels produced after the Renaissance are considered less 

worthwhile in Europe at the present time and rarely studied [6, 9]. In China, these artefacts 

were highly appreciated at the time of their production and served as models for cloisonné and 

painted enamels on porcelain and metal respectively [10] during the Qing dynasty, namely the 

Kangxi (1662-1722) and Yongzheng (1723-1735) reigns [11-13]. The painted enamel 

porcelains are also called falangcai ware, falang being the homonym of the name given to 

France at that time. It is generally suggested that the art of cloisonné enamelling on metal had 

arrived China from the west by way of Byzantine craftsmen in the 14
th

 century, and the 

technique was developed and became widespread during the Ming dynasty (1368-1643) [9, 

10]. Multi-coloured cloisonné objects were being produced to adorn temples, since they had a 

flamboyant nature with elaborate decorations.  

Painting on a non-porous body, such as a metal substrate or an already glazed pottery, 

requires a viscosity-controlled mixture, generally oil-based, that allows the painting of 

complex decorations made up of different coloured areas. The sharp delimitation between 

coloured glazed areas is a difficult task to overcome due to the low viscosity of the glaze at 

the top firing temperature (low viscosity and good wetting being required to obtain a glossy 

and regular coating) as well as the fast diffusion of colouring ions from one area to the 

adjacent one. Thus, a first method to tackle this difficulty is the use of pigments, i.e., coloured 
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powders made of a special crystalline phase, stable in the molten glaze, in the place of ions as 

colouring agents [14]. The second method is the application of a refractory phase to border 

the coloured areas, such as those made by Iznik potters with chromite/spinel type of pigments 

[15]. The last method, which is specific to metal substrates, is the addition of thin strips of 

metal called cloisons to delimit the coloured areas. These strips are pasted or welded to the 

metal substrate. The different coloured areas are obtained by fusing coloured and/or opacified 

glass powders in between the strips. The artefact is then polished to achieve a glossy surface. 

Regarding the overglazing of an already glazed artefact, the use of a glaze composition with a 

melting temperature about a hundred or more degrees centigrade lower than that of the glaze 

substrate is required. Many firing cycles are thus necessary for artefacts presenting complex 

painted decorations. 

According to French and Chinese historical records, the new technique of enamel 

painting was made in order to obtain more sophisticated decorations and assumed to be 

executed by the French and Italian Jesuits who served at the Chinese court during the 17
th

 and 

18
th

 centuries [11-13, 16, 17]. During the Qing dynasty, France and China became culturally 

and scientifically engaged with the arrival of the French Jesuit mission to China in 1685 

according to the order of the Kangxi emperor (r. 1661-1722) for the recruitment of skilled 

scientists and artisans for the Chinese court [11, 17-19]. The Jesuits were led by J. de 

Fontaney (1643-1710, Chinese name: Hong Ruo), who brought a selection of enamelled 

wares (clocks and watches) from France as a gift to the Chinese court. The gifts of enamel 

works raised a greater interest in enamel production in the court, which also led to the 

importation of the pigments and colouring agents from the west. The French Jesuits J.F. 

Gerbillon (1654-1707, Chinese name Zhang Cheng) and J. Bouvet (1656-1730, Bai Jin) 

established a chemistry workshop, and J.B. Gravereau (1690-1762, Ni Tianjie) with the 

Italians G. Castiglione (1688-1766, Lang Shining) and P.M. Grimaldi (1618-1686, Min 

Mingwo) developed the technique of enamelling [11]. Chinese craftsmen also tried to imitate 

the visual aspect of European decorations and paintings in the invention of Famille Rose and 

Famille Verte porcelains, also called yangcai (foreign colours), fencai (powder colours) or 

ruancai wares (soft colours) [20-24]. Major characteristics of these “new” enamelled objects 

were the use of opaque overglazes, especially for the blue, yellow and white colours [11, 20-

25]. Copper-coloured green enamels and rose ones that were based on colloidal gold (Cassius’ 

purple), were usually named as yangcai, i.e., foreign colours.  

Some technical information regarding painted enamels on porcelain was first obtained 

by G. Vogt, head of the Sèvres Factory laboratory in the late 19
th

 century, as reported by 
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Garner [22] and Williamson [23]. The important characteristics of these new colours were 

their opacity and their capability of mixing with white, alone or together, to form a large 

variety of shades [24, 25]. The white pigment (opacifier) has been described as made of tin 

oxide [22] but also as an arsenic-based compound [25]. Tin oxide had been in use as an 

opacifier since the 5
th

 century [26] and arsenic was first used in the making of lattimo glass in 

Murano during the 16
th

 century [27]. However, its common use as a glass opacifier was 

developed during the second half of the 19
th

 century [28].  

Regarding the colour yellow, lead-based pyrochlore pigment [9, 23, 25, 29, 30] had 

already been used in the form of antimonate in ancient Egypt and Mesopotamia and is usually 

known as Naples yellow, a very common yellow pigment after the 16
th

 century [29]. 

However, this type of pigment was most of the time used in the form of solid solutions 

ranging from stannates to antimonates with partial substitution by many other ions (Fe, Zn, Si, 

etc.) [30-35]. The compositional analyses of Famille Rose, Famille Verte and cloisonné wares 

as well as cloisonné enamels on metal have been reported by a few authors [21, 24, 25, 35-

38], but as noted by Kingery and Vandiver in 1986, “the descriptions of the enamel 

technology are completely speculative” [24] due to the very small number of artefacts studied.  

We report here on the on-site Raman analyses of six ca. 18
th

 century Limoges 

enamelled artefacts which are representative of the potential models viewed by early Chinese 

craftsmen. For instance, recently a painted porcelain from Kangxi reign belonging to the 

collection of the French Musée National des Arts Asiatiques–Guimet has been identified as 

having the shape and decorations typical of Limoges enamelled metal works [12]. Since the 

artefacts are rare ones, Raman spectrometry as a non-invasive analytical technique was used. 

One of the artefacts (GR21) has already been partially analysed on-site by Raman 

spectrometry [9]. In other previous work covering Limoges production from the 16
th

 to 19
th

 

centuries, technological changes were evidenced according to the modifications in the enamel 

compositions over time, which were determined either by XRF [39-41] or PIXE [6]. 

However, these elemental analyses cannot exactly identify the colouring phases, while Raman 

scattering can. The present work focuses on the identification of the colouring phases, in 

particular those containing an arsenate phase. 

 

2. Materials and Methods 

2.1 Technique 

Raman spectra were recorded with the HE532 Horiba Jobin-Yvon mobile spectrometer 

equipped with a 532 nm 300 mW Ventus Quantum laser and a x200 Mitutoyo and a x50 
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Nikon microscope long working distance objectives, as previously described [9, 10]. The laser 

and the spectrometer are fibre optically connected to the remote Superhead® put on a heavy 

stage with XYZ micrometric displacement. The x50 objective probes a volume of ~4x4x12 

µm
3
 while the x200 objective probes a much smaller volume of about 0.5x0.5x2 µm

3
. The 

very small laser spot obtained with the x200 objective required a precise focus that took much 

time to be obtained, but this guaranteed the analysis of the single glaze layer and a higher 

intensity of the pigment phase. The height position of the artefact was controlled with the use 

of a ream of copy paper as a support. Finally, an opaque black fabric was put over the artefact 

and the remote head to prevent the ambient light and protect the scientist’s eyes from the laser 

scattering. The focus was controlled by maximising the collected fluorescence/background 

signal intensity and then the pigment/glaze one. More than 250 spots were analysed and about 

230 of them were found to be successful. On-site collected spectra with a portable Raman 

instrument show a rather large background due to the contribution of the filter and the 

fluorescence arising from the surface deposits. However, cleaning of the artefacts is not 

authorized. Consequently, the rather large background and the medium spectral resolution led 

to a certain inaccuracy in the measurement of the peak positions (ca. ± 2 cm
-1

). 

 

2.2 Artefacts 

All artefacts belong to the collection of Musée des Arts Décoratifs (Union Centrale des Arts 

Décoratifs) in Paris (Figs. 1 to 5). Their full descriptions and historical contexts have been 

published before [6].  

 20434 A&B (9.8 x 7.2 cm each), Saint Ignatius (Ignace) and Saint Xavirius (Xavier), 

assigned to the second quarter of the 17
th

 century, attributed to Léonard II Limosin 

(1560/65-1635) or more likely to his brother Léonard III (1590/1600-1666), see details 

in ref. [6] cat. 48. 

 GR21 (10 x 7.7 cm), Virgin and child, assigned to first half 17
th

 century and attributed 

to Jean Limosin (1580-1645), grandson of the famous Léonard Limosin; see details in 

ref. [6] cat. 47, and some spectra have been given in [31]. 

 20435 (17 x 14 cm), Saint Nicolas, signed on the reverse side “Bapt
te
 Nouailher 

émaillieur à Limoges,” 18
th

 century, see details in ref. [6] cat. 51. 

 2001.34.1.1-2 (7.8 x 7.9 cm) cup, believed to have been made at the Laudin family 

workshop, beginning of the 18
th

 century, see details in ref. [6] cat. 54. 
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 12160 A & B (9 x 6.5 cm each), Ascension and Assumption, potentially attributed to 

Baptiste Nouailher, 18
th

 century, see details in ref. [6] cat. 52. 

 41873 (9 x 6.5 cm), Wedding purse covered with an enamelled metal plate of the 

Marquis de Dune Seigneur de la Chabane, stylistically attributed to the Nouailher 

family workshop, 18
th

 century, see details in ref. [6] cat. 53. 

 

3. Results and Discussion 

 

3.1 On-site Raman Analyses 

Figs. 1-5 show the representative spectra recorded during the measurements with the portable 

Raman set-up in storage at the Musée des Arts Décoratifs. We will first present and discuss 

the Raman signatures of the glazes and then those of the pigments/opacifiers. Artefacts will be 

considered chronologically and in relation to their assignment to different workshops [6].  

3.1.1. Glazes 

The Raman signature of a silicate type glass presents two main broad features, the 

contribution of the SiO4 tetrahedron bending (at ~550 cm
-1

) and stretching modes (at ~1000 

cm
-1

) respectively [42-45]. The centre of gravity of the latter mode downshifts with the flux 

content (i.e., as a function of the polymerisation degree and of the melting temperature). The 

area ratio of the bending to stretching mode decreases when the polymerisation degree and the 

melting temperature fall as well [42-45]. Since the symmetric stretching Raman modes of 

SiO4 are much stronger than the asymmetric ones, the different components of the ca. 1000 

cm
-1

 band can be considered as representative of the different types of SiO4 tetrahedron of the 

glaze network: isolated tetrahedron, tetrahedra connected by 1, 2 or 3 shared oxygen atoms or 

fully connected. For instance, addition of PbO increases the number of poorly connected 

tetrahedra, and the component(s) at a wavenumber below 980 cm
-1

 becomes dominant 

[42,43]. In a previous study covering Limoges production from the 16
th

 to 19
th

 centuries [9], 

two main types of glazes with subgroups were identified: i) A-type PbO-reach glass (with 

addition of K2O and CaO) with a stretching band peaking at ~980 cm
-1

 or less, ii) B-type soda 

glass with maximum up to ~1075 cm
-1

; where B’-type soda-lime glass can be distinguished 

from soda glass on the basis of the maximum of the bending band, shifting from ca. 480 to ca. 

560 cm
-1

 [42]. 

The results of this study match well with those of the previous study. In general, two 

types/variants of glass were observed for each artefact, and sometimes three types were 

identified. This indicates that many firing cycles were executed, as commonly made in the 
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glazing technology of enamelled metals. According to the previous study [9], 17
th

 century 

artefacts (assigned to the Limosin workshop) have generally been made with B (and variant 

B’) type, i.e. without PbO-rich glaze, with the exception of the black enamel of sample GR21 

(A-type). According to the results of this study, 18
th

 century artefacts were found to be A-type 

glass for different colours such as blue (20435), yellow (20435, 41873 & 2001.34.1), and 

white (41873). 

3.1.2. Pigments 

Raman spectroscopy will detect pigments and some chromophores (Fe-S amber complex) of 

glass but is not able to identify the presence of colouring ions. For instance, the lack of 

specific signature for green enamel is consistent with the use of Cu
2+

 ions.  

Raman analyses showed that the opacification of the Limoges enamels studied was 

carried out with tin oxide (cassiterite, 635-775 cm
-1

 doublet [26, 27]) for the white areas of all 

artefacts, as previously observed for similar and older items [9].The peaks are narrow and 

rather strong, indicating the use of a highly crystalline cassiterite. According to the previous 

study, another opacifying agent, namely lead arsenate, was also observed only in the 19
th

 

century Limoges artefacts [9]. 

The red colour was found to be always achieved with the same pigment as hematite 

-Fe2O3), easily detected with its strong resonance feature at ~1310 cm
-1

 and a series of 

peaks at 223, 290, 405, 493 and 605 cm
-1

 [46]. This pigment is also used for the flesh tones 

(carnation, Fig. 1). 

The Raman signature of the blue coloured areas exhibits a more or less strong peak at 

~830 cm
-1

, with a shoulder at ~790 cm
-1

 (20434A, GR21 and 2001.34.1), suggesting the use 

of lead arsenate. The same signature is also observed in “black” area (Fig. 1: actually the 

black area appears dark blue under high-power illumination). The Raman spectrum of olivine 

(Co2SiO4) also exhibits its stretching doublet in the same wavenumber range [47], but the 

peak bandwidth is much narrower. The intensity of Si-O stretching tends to be much lower 

than that of As-O because of the smaller polarizability and the lower number of electrons 

involved in the bond. Thus, the stretching band of arsenate-based compounds is always very 

strong and peak between 800 and 830 cm
-1

 [48,49]. The change in the peak positions might 

possibly be due to the formation of different solid solutions of lead arsenate where Pb may 

partially be substituted by K, Na and Ca ions due to the glaze composition [49]. 

Consequently, the strong peak observed at ca. 830 cm
-1

 in some enamels/glazes can be 

assigned to arsenic-based compounds, as proposed by Van Pevenage et al. [50] for similar 

Famille Rose wares of China. The large bandwidth is consistent with the orientational 
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disorder of arsenate ions. At the same time, it is also noteworthy that blue enamels of many 

Limoges artefacts from the middle of the 16
th

 century display a significant arsenic content [6]. 

For instance, in sample 40185 (La Mise au Tombeau, ca. 1560-1570), the presence of a 

considerable amount of arsenic was confirmed by previous PIXE analysis [6] and Raman 

signature was observed as such [9]. In fact, arsenic is a minor element commonly found in 

European cobalt ores: the Co/As ratio reaches 0.4 for the 16
th

 to 17
th

 century European glass 

and decreases to ~0.1 during the 18
th

 century [28, 51-55 ]. On the contrary, Asian cobalt ores 

are rich in manganese and iron [55-58] and require a firing under strong reducing atmosphere 

[59] to develop only the blue colour of Co
2+

 ions [15]. Similar Raman signatures have been 

recorded on some Chinese cloisonné enamels (e.g., Fig. 5) and on many blue glazes of 

French, Italian, and English 18
th

 century soft-paste porcelains [60-62] where distinguishing 

the cobalt silicate and lead arsenate contributions was not discussed or the Raman features 

were wrongly assigned to cobalt silicate. The characteristic lead arsenate peak at ca. 830 cm
-1

 

is clearly observed in the blue enamels of the Limosin and Laudin Family workshops (Figs 1 

and 2, Table 1) but not in the Nouailher workshop (or as possible traces), indicating the use of 

different cobalt sources at that time. 

Yellow and green colours were obtained with the Pb2[Sb/Sn/Fe/Zn]2O7 pyrochlore 

pigment, recognizable with its strong low wavenumber peak (135-140 cm
-1

). The position of 

this peak assigned to the motion of Pb
2+

 ions depends on many factors (composition, oxygen 

non-stoichiometry, firing temperature, etc.). The observation of the stretching modes 

characteristic of Sn-O (~450 cm
-1

) or Sb-O (~508 cm
-1

) is much more pertinent [9, 30, 31] to 

be able to discriminate between the different pyrochlore solid solutions. Raman peak at ca. 

128 cm
-1

 is observed for sample 20435 (St. Nicolas, Nouailher Family workshop) while peaks 

at 136 cm
-1

 were measured for samples 12160A (Ascension and Assumption), 41873 (Marquis 

de Dune) (both from the Nouailher family workshop) and 2001.34.1 (Laudin family cup). The 

intense ca. 510 cm
-1

 peak indicates Sb-rich compositions for samples 2001.34.1.1, 20435 and 

12160, as also confirmed by previous PIXE analysis [6]. 

Some dark or black shades (20434A, 20435, 12160A, 41873 and 2001.34.1) are 

obtained by the addition of black (amorphous) carbon (sp
3
-sp

2
-C-C stretching doublet at 

1350-1600 cm
-1

) [63]. The observation of a peak at ~955 cm
-1

 characteristic of phosphate in 

the 2001.31.1 cup indicates the use of “black ivory”, which is a carbon powder prepared by 

burning ivory or more usually bones [29]. No specific signature is recorded for the brown area 

(Fig. 1). This is consistent with the use of Fe
2+

/Fe
3+

 ion mixture as colouring agent. 



 9 

Chromate and chromite phases often found in black pigments give a strong peak at ca. 

845 cm
-1

 [15, 64, 65]. Thus, the peak at 849 cm
-1

 observed in the black area of the cup from 

the Laudin workshop (2001.34.1.1-2, Fig. 2) can be assigned to a similar phase. Before the 

development of the chromate industry, green enamels and glazes were obtained by dissolving 

Cu
2+

 ions in lead-based glass (i.e., turquoise colour is obtained in alkaline glass) [66] or by 

dispersing yellow pigment grains in a blue coloured glass matrix [15]. The later method was 

probably used in the Ascension and Assumption plaques (12160A & B, Fig. 4, Nouailher 

workshop). On the contrary, the absence of a specific Raman signature, except that of the 

carbon doublet, in the green areas of the samples from the Laudin (2001.34.1.1-2, Fig. 2) and 

Limosin (GR21, 20434, Fig. 1) workshops is in agreement with the use of Cu
2+

 ions dispersed 

in the glassy matrix. The spectrum recorded on the green spots of the St. Ignatius shows the 

carbon doublet (1321-1566 cm
-1

) and a well defined peak at 983 cm
-1

, tentatively assigned to 

wollastonite (CaSiO3), which is a common phase in calcium-rich glazes [60]. Here, the carbon 

doublet arises from the black layer bellow the green spot. When the focus is changed, the 

carbon contribution disappears and the spectrum corresponds to that of the green enamel. 

 

3.2. Comparison with Chinese Enamels and European Blue Porcelains 

Chinese cloisonné and Limoges painted enamels have previously been studied by various 

techniques such as Raman [10, 37], PIXE [6], XRF [36, 40, 41] and EPM and XRD [38]. In 

Fig. 6, the glaze types of Chinese cloisonné enamels are compared with those of Limoges 

enamels. Arsenate signature is clearly recorded for whitened yellow area of the 23778-2 

artefact and the dark blue area of the 23661 one (Fig. 5). A very strong peak is measured on 

pink areas (e.g., the clouds). It is possible that the achievement of the pink colour with gold 

nanoparticles promotes the intensity of the Raman scattering. The common features 

correspond to the period when both Chinese and French historical records report exchanges of 

know-how and materials through the Jesuits. The on-going study on falangcai imperial 

porcelains produced at the Qing Court workshop [13] also identified the Raman signature of 

lead arsenate in many blue coloured areas. Similar Raman signatures have been reported in 

the blue decorations of many European 18
th

 century porcelains as well [60-62]. Thus, the 

hypothesis of the use of cobalt-containing raw materials imported from Europe under the 

guidance of the Jesuits present at the Manchu Court seems to be reasonable. Supporting this 

hypothesis, the Raman spectra previously recorded on Chinese Ming and contemporary 

Vietnamese blue-and-white porcelains [56-58] which were well characterized by XRF or EDS 

[56-59], do not display such signatures. The elemental compositions of these artefacts clearly 
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show the use of manganese-rich cobalt, typical of Asian sources [55-58, 67, 68]. In some 

artefacts produced at the imperial workshop, the Raman signature of lead arsenate is observed 

in the white areas, indicating the particular and innovative use of this opacifier in China at the 

beginning of the 18
th

 century.  

 

4. Conclusions 

This study demonstrates the potential of on-site Raman analysis as a non-invasive technique 

to characterize the types of glazes and pigments/opacifiers used in enamelled artefacts which 

are rare and valuable pieces. The results of this study are in good correlation with the previous 

Raman study of Limoges enamels from the 16
th

 to 19
th

 centuries [9]. At least two types of 

glass were identified regarding the same artefact, mostly based on soda and soda-lime 

compositions as well as a lead-based type of glass in some of the 18
th 

century Limoges 

artefacts. These results indicate different firing cycles for the same artefact, thus a 

sophisticated production technology. Cassiterite was found as the opacifying agent for the 

white areas of the Limoges enamels analysed. The red colour was always obtained with 

hematite, while Sb-rich lead-based pyrochlore type of pigment was detected in the yellow 

areas. The black was achieved by the use of amorphous carbon, accompanied with phosphate 

or more rarely chromate/chromite phases. The green areas were either made by the dissolution 

of Cu
2+

 ions in the glaze or the dispersion of a lead-based pyrochlore pigment in a blue glassy 

matrix. The characteristic ~830 cm
-1

 peak that was observed in the blue coloured areas of the 

artefacts from the Limosin and Laudin family workshops (Table 1) is assigned to lead 

arsenate, which was most probably formed due to the high level of arsenic in the cobalt ores 

used, originating from European sources. It is known that European cobalt sources include 

arsenic as a major element, and a considerable amount of arsenic was detected in the previous 

PIXE analyses of Limoges enamels [6]. Thus, the presence of the arsenate phase is attributed 

to the use of European cobalt sources, rather than the deliberate use of lead arsenate as an 

opacifying agent. Similar conclusions were reported very recently for some Famille Rose 

porcelains [70]. The results of the studies on 16
th

-19
th

 century Limoges enamels also enable us 

to make comparisons with those of the Chinese cloisonné enamels and falangcai imperial 

porcelains produced during the same period, shedding light on the cultural interactions 

between France and China on the basis of technical know-how and the trade in raw materials 

in enamel production. The Raman technique failed to identify the colouring ions. Diffuse 

reflectance spectroscopy could be useful [71] but was not allowed by the Curators. 

 



 11 

 

Acknowledgments 

B. Quette and A. Forray-Carlier,
 
Curators at the Musée des Arts Décoratifs (UCAD, Paris) are 

kindly acknowledged for their permission to analyse the artefacts and for their many 

discussions. The authors thank C. Paris (MONARIS) for her help in the analysis of certain 

objects. This work has been undertaken in the framework of the LIA CNRS-Palace Museum 

(Beijing) project laboratory La circulation des objets émaillés entre la France et la Chine: 

Interactions technologiques, culturelles et diplomatiques (fin XVII
e
–milieu XIX

e
 siècle). The 

authors would like to thank G. Wang, Y. Lei, W. Ren, F. Guo (Palace Museum), B. Zhao 

(CRCAO, CNRS) and J. Finlay for many fruitful discussions. The France-China Cai Yuanpei 

program is acknowledged for partial support. S. Makariou, President of the Musée National 

des Arts Asiatiques–Guimet and C. Delery, Curator, are also acknowledged. 

  

 

 

 

 

 

 

 

 

 

 

 

 

  



 12 

References  

1. A. Pierides, Jewellery in the Cyprus Museum, Republic of Cyprus the Department of 

Antiquities, Cyprus, 1971 

2. M.M. Gauthier, Encyclopédie Universalis, vol. 6, Paris, 1985, pp 939. 

3. V. Kruta, The First Celtic Expansion: Prehistory to History, in: E. Catalogue, P.Grassi, 

V.Mario Andreose, C. Tanzi (Eds.), The Celts, Bompiani, Milano, 1991, pp 195. 

4. M.J. Roulière-Lambert (Ed.), Les émaux celtiques, Centre Jurassien du Patrimoine, 

Lons-le-Saunier, 2008. 

5. O.M. Dalton, Byzantine Art and Archaeology, Dover Publications NY, 1961. 

6. M. Blanc, I. Biron, Ph. Colomban, V. Notin, Emaux peints de Limoges, XVe-XVIIIe 

siècles – La collection du Musée des arts décoratifs, Les Arts Décoratifs, Paris, 2011. 

7. Collective Works, L’Œuvre de Limoges – Émaux limousins du Moyen Age, 

Exhibition Catalogue, RMN, Paris, 1995. 

8. I. Biron, Emaux sur métal du IXe au XIXe siècle, Histoire, technique et matériaux, 

Editions Faton, Dijon, 2012. 

9. B. Kırmızı, Ph. Colomban, M. Blanc, On-Site Analysis of Limoges Enamels from 

Sixteenth to Nineteenth Centuries: An Attempt to Differentiate Between Genuine 

Artefacts and Copies, J. Raman Spectrosc. 41 (2010) , 1240-1247. 

10. B. Kırmızı, Ph. Colomban, B. Quette, On-Site Analysis of Chinese Cloisonné Enamels 

from Fifteenth to nineteenh Centuries, J. Raman Spectrosc. 41 (2010) 780-790. 

11. F. Lili, La céramique chinoise, China Intercontinental Press, Beijing, 2011. 

12. B. Zhao, G. Wang, I. Biron, Ph. Colomban, L. Hilaire-Pérez, La circulation des 

techniques de l’émail entre la France et la Chine du XVIIème au XIXème siècle, Le 

CNRS en Chine Bulletin 21 (2016) 21-25. 

 http://www.cnrs.fr/derci/IMG/pdf/cnrsenchine_21_fr_final_pour_le_site_cnrs.pdf 

13. Ph. Colomban, Y. Zhang, B. Zhao, C. Delery, to be published. 

14. Ph. Colomban, G. Sagon, X. Faurel, Differentiation of Antique Ceramics from the 

Raman Spectra of their Coloured Glazes and Paintings, J. Raman Spectrosc. 32 (2001) 

351-360. 

15. Ph. Colomban, V. Milande, L. Le Bihan, On-Site Raman Analysis of Iznik Pottery 

Glazes and Pigments, J. Raman Spectrosc. 35 (2004) 527-535. 

16. B. Quette (Ed.), Cloisonné: Chinese Enamels from the Yuan, Ming and Qing 

Dynasties, Bard Graduate Center, 2011, New-York. 

http://www.cnrs.fr/derci/IMG/pdf/cnrsenchine_21_fr_final_pour_le_site_cnrs.pdf


 13 

17. G. Loehr, Missionary-Artist at the Manchu Court, Trans. Oriental Ceram. Soc. 34 

(1962-1963) 51-67. 

18. E.B. Curtis, A Plan of the Emperor’s Glassworks, Arts Asiatiques 56 (2001) 81-90. 

19. E.B. Curtis, European Contributions to the Chinese Glass of the Early Qing Period, 

Journal of Glass Studies 35 (1993) 91-101. 

20. J. Miao, B. Yang, D. Mu, Identification and Differentiation of Opaque Chinese 

Overglaze Yellow Enamels by Raman Spectroscopy and Supporting Techniques, 

Archaeometry 52 (2010) 146-155. 

21. C. Wang, Nomenclature for Painted Enamel on Porcelain in Qing Dynasty: A 

Scientific Viewpoint”, The National Palace Museum Research Quarterly 29 (2012), 

115-166.  

22. H. Garner, The Origins of Famille Rose, Trans. Oriental Ceram. Soc. 37 (1969) 1-16. 

23. G.C. Williamson, The Book of Famille Rose, Methuen & Co., London, 1927.  

24. W.D. Kingery , P.B. Vandiver, The Eighteenth-Century Change in Technology and 

Style from the Famille-Verte Palette to the Famille-Rose Palette, in Technology and 

Style, Vol. 2, Ceramics and Civilization Serie, W.D. Kingery Ed., The American 

Ceramic Society, Colombus, 1986, p. 363-381. 

25. Z. Fukang, The Origin and Development of Traditional Chinese Glazes and 

Decorative Ceramic Colors, in  Ancient Technology to Modern Science, vol. 1, 

Ceramics and Civilizations Serie, W.D. Kingery Ed., The American Ceramic Society, 

Colombus pp 

26. E. Neri, C. Morvan, Ph. Colomban, M. P. Guerra, V. Prigent, Late Roman and 

Byzantine Mosaic Opaque “Glass-ceramics” Tesserae (5
th

-9
th

 Century), Ceramics Int. 

42 (2016) 18859–18869. 

27. P. Ricciardi, Ph. Colomban, A. Tournié, V. Milande, Non-Destructive On-Site 

Identification of Ancient Glasses: Genuine Artefacts, Embellished Pieces or 

Forgeries?, J. Raman Spectrosc. 40 (2009) 604-617. 

28. A. Bonneau, J.-F. Moreau, R. Auger, R. G.V. Hancock, B. Émard, Analyses physico-

chimiques des perles de traite en verre de facture européenne : quelles 

instrumentations pour quels résultats ?, Archéologiques 26 (2014) 109-132. 

29. Ph. Colomban, The Destructive / Non-Destructive Identification of Enamels, Pottery, 

Glass Artifacts and Associated Pigments – A Brief Overview, Arts 2 (2013) 77-110. 



 14 

30. B. Kırmızı, H. Gokturk, Ph. Colomban, Colouring Agents in the Pottery Glazes of 

Western Anatolia: A New Evidence for the Use of Naples Yellow Pigment Variations 

during the Late Byzantine Period, Archaeometry 57 (2015) 476-496. 

31. M. Pereira, T. de Lacerda-Aroso, M.J.M. Gomes, A. Mata, L.C. Alves, Ph. Colomban, 

Ancient Portuguese Ceramic Wall Tiles (« Ajulejos »): Characterization of the Glaze 

and Ceramic Pigments, J. Nano Research 8 (2009) 79-88. 

32. C. Sandalinas, S. Ruiz-Moreno, Lead-Tin-Antimony Yellow. Historical Manufacture 

Molecular Characterization and Identification in Seventeenth-Century Italian 

Paintings, Stud. Conserv. 40 (2004) 41-53. 

33. C. Sandalinas, S. Ruiz-Moreno, A. Lopez-Gil, J. Miralles, Experimental Confirmation 

by Raman Spectroscopy of a Pb-Sn-Sb Triple Oxide Yellow Pigment in Sixteenth-

Century Italian Pottery, J. Raman Spectrosc. 37 (2006) 1146-1153. 

34. F. Rosi, V. Manualli, C. Milliani, B.G. Brunetti, A. Sgamellotti, T. Grygar, D. Hradil, 

Raman Scattering Features of Lead Pyroantimonate Compounds. Part I: XRD and 

Raman Characterization of Pb2Sb2O7 Doped with Tin And Zinc, J. Raman Spectrosc. 

40 (2009) 107-111. 

35. C. Pelosi, G. Agresti, U. Santamaria, E. Mattei, Artifical Yellow Pigments: Production 

and Characterization Through Spectroscopic Methods of Analysis, 

ePreservationScience 7 (2010) 108-115.  

36. E.T. Hall, A.M. Pollard, Analysis of Chinese Monochrome Glazes by X-Ray 

Fluorescence Spectroscopy, Proc. Intern. Conference Chinese Pottery & Porcelain, 

1985. 

37. Y. Su, L. Qu, H. Duan, N. Tarcea, A. Shen, J. Poppe, J. Hu, Elemental Analysis-Aided 

Raman Spectroscopic Studies on Chinese Cloisonné Wares and Painted Enamels from 

the Imperial Palace, Spectrochimica Acta Part A 153 (2016) 165-170. 

38. J. Henderson, M. Tregear, N. Wood, The Technology of Sixteenth- and Seventeenth 

Century Chinese Cloisonné Enamels, Archaeometry 31 (1989] 133-146. 

39. M. Perez y Jorba, M. Rommeluere, C. Bahezere, Microstructure d’une plaque d’émail 

peint de Limoges du XVIe siècle, Studies in Conservation 36 (1991) 76-84. 

40. M.T. Wypyski, R.W. Richter, Preliminary Compositional Study of 14th and 15th C. 

European Enamels, Techné 6 (1997) 48-57. 

41. S. Röhrs, H. Stege, Analysing Limoges Painted Enamels from 16
th

 to 19
th

 Centuries by 

Using a Portable Micro X-Ray Fluorescence Spectrometer, X-Ray Spectrometry 33 

(2004) 396-401. 



 15 

42. Ph. Colomban, Polymerisation Degree and Raman Identification of Ancient Glasses 

Used for Jewellery, Ceramics Enamels and Mosaics, J. Non-Crystalline Solids 323 

(2003) 180-187. 

43. Ph. Colomban, A. Tournié, L. Bellot-Gurlet, Raman Identification of Glassy Silicates 

Used in Ceramic, Glass and Jewellry: A Tentative Differentiation Guide, J. Raman 

Spectrosc. 37 (2006) 841-852. 

44. Ph. Colomban, O. Paulsen, Raman Determination of the Structure and Composition of 

Glazes, J. Amer. Ceram. Soc. 88 (2005) 390-395. 

45. Ph. Colomban, Non-Destructive Raman Analysis of Ancient Glasses and Glazes, ch. 

4.2, p 275-300. in Modern Methods for Analysing Archaeological and Historical 

Glass, First Edition, K. Janssens Ed, John Wiley & Sons Ltd, 2012 

46. F. Froment, A. Tournié, Ph. Colomban, Raman Identification of Natural Red to 

Yellow Pigments: Ochre and Iron-Containing Ores, J. Raman Spectrosc. 39 (2008) 

560-568. 

47. T. Mouri, M. Enami, Raman Spectroscopic Study of Olivine-Group Mineral, J. 

Mineralog. & Petrolog. Sci., 103 (2008) 100-104. 

48. A. Culka, H. Kindlova, P. Drahota, J. Jehlicka, Raman Spectroscopic Indentification 

of Arsenate Minerals In Situ at Outcrops with Handled (532nm, 785 nm) Instruments, 

Spectrochimica Acta Part A 154 (2016) 193-199. 

49. B. Manoun, M. Azdouz, M. Azrour, R. Essehli, S. Benmokhtar, L. El Ammari, A. 

Ezzahi, A.Ider, P. Lazor, Synthesis, Rietveld Refinements and Raman Spectroscopic 

Studies of Tricationic Lacunar Apatites Na1-x KxPb4(AsO4)3 (0<x<1), J. Mol. Struct. 

986 (2011) 1-9. 

50. J. Van Pevenage, D. Lauwers, D. Herremans, E. Verhaeven,B. Vekemans, W. De 

Clercq, L. Vincze, L. Moens, P. Vandenabeele, A Combined Spectroscopic Study on 

Chinese Porcelain Containing Ruan-Cai Colours, Anal. Methods 6 (2014) 387-394. 

51. A. Bonneau, J.-F. Moreau, R.G.V. Hancock, K.Karklins, Archaeometrical Analysis of 

Glass Beads: Potential, Limitations, and Results, Beads: Journal of The Society of 

Beads Researchers 26, 2014, http://surface.syr.edu/beads/vol26/iss1/7. 

52. R.G.V Hancock, J. McKechnie, S. Aufreiter, K. Karklins, M. Kapches, M. 

Sempowski, J.F. Moreau, I. Kenyon, Non-Destructive Analysis of European Cobalt 

Blue Glass Trade Beads, J. Radioanal. & Nucl. Chem. 244 (2000) 567-573. 

53. B. Gratuze, I. Soulier, J.N. Barrandon, D. Foy, De l’origine du cobalt dans les verres, 

Revue d’Archéométrie, 16 (1992) 97-108 

http://surface.syr.edu/beads/vol26/iss1/7


 16 

54. B. Gratuze, I. Soulier, M. Blet, L. Vallauri, De l’origine du cobalt: du verre a` la 

céramique, Revue d’Archéométrie, 20 (1996) 77-104. 

55. Ph. Colomban, Rocks as Blue (Green and Black) Pigments/Dyes of Glazed Pottery 

and Enamelled Glass Artefacts – The Potential of Raman Microscopy, European 

Mineralogy Journal 25 (2013) 863-879 

56. N.Q. Liem, Ph. Colomban, G. Sagon, H.X. Tinh, T.B. Hoanh, Microstructure, 

Composition and Processing of the 15
th

 Century Vietnamese Porcelains and Celadons, 

J. Cult. Her. 4 (2003) 187-197. 

57. Ph. Colomban, G. Sagon, L.Q. Huy, N.Q. Liem, L. Mazerolles, Vietnamese (15
th

 

Century) Blue-and-White, Tam Thai and “Luster” Porcelains/Stoneware: Glaze 

Composition and Decoration Techniques, Archaeometry 46 (2004) 125-136. 

58. G. Simsek, Ph. Colomban, S. Wong, B. Zhao, A. Rougeulle, N.Q. Liem, Toward a 

Fast Non-Destructive Identification of Pottery: The Sourcing of 14th-16th Century 

Vietnamese and Chinese Ceramic Shards, J. Cult. Her. 16 (2015) 159-172. 

59. N. Wood, Chinese Glazes: Their Origins, Chemistry and Recreation, A & C Black, 

London, 1999. 

60. Ph. Colomban, I. Robert, C. Roche, G. Sagon, V. Milande, Identification des 

porcelaines “tendres” du 18
ème

 siècle par spectroscopie Raman: Saint-Cloud, 

Chantilly, Mennecy et Vincennes/Sèvres, Revue d’Archéométrie 28 (2004) 153-167. 

61. P. Ricciardi, Ph. Colomban, V. Milande, Non-Destructive Raman Characterization of 

Capodimonte and Buen Retiro Porcelain, J. Raman Spectrosc. 39 (2008) 1113-1119. 

62. H. G. M. Edwards, Ph. Colomban, B. Bowden, Raman Spectroscopic Analysis of an 

English Soft-Paste Porcelain Plaque-Mounted Table, J. Raman Spectroscopy 35 

(2004) 656-661. 

63. G. Gouadec, Ph. Colomban, Raman Study of Nanomaterials: How Spectra Related to 

Disorder, Particle Size and Mechanical Properties, Progress in Crystal Growth & 

Characterization Materials 53 (2007) 1-56. 

64. Ph. Colomban, R. de Laveaucoupet, V. Milande, On Site Raman Analysis of Kütahya 

Fritwares, J. Raman Spectroscopy 36 (2005) 857-863. 

65. M.-C. Caggiani, Ph. Colomban, Raman Identification of Strongly Absorbing Phases: 

The Ceramic Black Pigments, J. Raman Spectrosc. 42 (2011) 839-843. 

66. Ph. Colomban, H. Schreiber, Raman Signature Modification Induced by Copper 

Nanoparticles in Silicate Glass, J. Raman Spectroscopy 36 (2005) 884-890. 

67. Ph. Colomban, C. Truong, A Non-Destructive Raman Study of the Glazing Technique 



 17 

in Lustre Potteries and Faiences (9
th

-14
th

 centuries): Silver Ions, Nanoclusters, 

Microstructure and Processing, J. Raman Spectrosc. 35 (2004) 195-207. 

68. M.O. Figueiredo, T.P. Silva, J.P. Veiga, A XANES Study of Cobalt Speciation State 

in Blue-and-White Glazes from 16
th

 to 17
th

 Century Chinese Porcelains, J. Electr. 

Spectrosc. & Rel. Phenom. 185 (2012) 97-102. 

69. M.I. Dias, M.I. Prudêncio, M.A. Pinto de Matos, A.L. Rodrigues, Tracing the Origin 

of Blue and White Chinese Porcelain Ordered for the Portuguese Market During the 

Ming Dynasty Using INAA, J. Archaeolog. Sci. 40 (2013) 3046-3057. 

70. R. Giannini, I.C. Freestone, A.J. Shortland, European Cobalt Sources Identification in 

the Production of Chinese Famille Rose Porcelain, J. Archaeolog. Sci. 80 (2016) 27-

36. 

71. C. Fischer, E. Hsieh, Export Chinese Blue-and-White Porcelain: Compositional 

Analysis and Sourcing Using Non-Invasive Portable XRF and Reflectance 

Spectroscopy, J. Archaeolog. Sci. 80 (2016) 14-26. 

 

  



 18 

 

 

Figure Captions 

 

 

Fig. 1: Limoges enamels from the Limosin family workshop: 20434 A (St. Ignatius) & B (St. 

Xavirius) assigned to Léonard II Limosin (ca. 1630), and GR21 (Virgin and Child) 

assigned to J. Limosin (before 1650). Analysed spots are shown. 

 

 
 

Fig. 2: Limoges enamels from the Laudin family workshop attributed to Noel II or Nicolas II 

Laudin. 
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Fig. 3: Limoges enamels assigned to the Nouailher family workshop (18

th
 century): Marquis 

de Dune, Seigneur de la Chabane (41873) and St. Nicolas (20435). 

 

 
Fig. 4: Limoges enamels from Nouailher family workshop (18

th
 century): Ascension and 

Assumption. 
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Fig. 5: Example of 18

th
 Chinese cloisonné enamel spectra (23778-2, panel shown here, and 

23661, vase). See ref. [6] for details. 

 

 

Fig. 6: Comparison of the stretching and bending maximum of the SiO4 Raman signature for 

Chinese cloisonné enamels: a), after [10], and Limoges enamels b), after [9]. Three 

types of enamel composition (A, B and B’) are observed for Limoges enamels, the A 

lead-richer compositions (stretching peak < 1000 cm
-1

) being mainly observed for 19
th

 

century Limoges artefacts. Most of the Chinese cloisonné enamels show similar 

compositions except for some of artefacts assigned to production from the end of the 

16
th

 and 17
th

 century. 

 


