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Introduction 

 

The recent restoration of El Greco’s “Baptism of Christ”, carried out 

by the Conservation Department of the Benaki Museum1, Athens, 

provided a unique opportunity to examine, analyze and document the 

material and technical aspects of the painting by use of non-destructive 

physicochemical2 and micro analytical techniques3. The “Baptism of 

Christ”, that bear’s a 1567 date, as established by the analysis before 

cleaning, was painted by El Greco soon after his arrival in Venice, 

where it is assumed that he joined Titian’s workshop and became 

acquainted with the works of Tintoretto and the Venetian School4.  

Following this, a similar analysis of El Greco’s “Adoration of the 

Magi”, most probably painted in Crete5, between 1565 and 1567 and 

also restored in the Conservation dept. of the Benaki Museum6, was 
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initiated. The detailed comparison of the two paintings will hopefully 

provide interesting insight into the way that El Greco’s move to 

Venice affected his work.  

This task is greatly aided by recent studies of the material and 

technical aspects of late 16th - early 17th century Venetian paintings7 

that have brought to light specific information relating to materials and 

techniques of individual masters such as Titian, Tintoretto, Bellini, 

Lotto and others. As the analysis of the “Adoration of the Magi” is not 

yet complete we will present only a first comparison based on work in 

progress. 

 

Description of the icons 

The “Baptism of Christ” (Figure 1a and 1b), was acquired by the 

Municipality of Herakleion from Christies Sale 6967, on December 

8th, 2004. Soon after its appearance in the market it was recognized as 

an unsigned work by El Greco. The icon, initially of an arched shape 

on top, lay on one side of the right wing of a triptych, with a similar 

Figure 1a – 1b: The Baptism icon 

before and after conservation. The 

coloured spots represent the areas 

analysed by non destructive 

techniques, XRF (1a green), FT – 

IR (1b orange), LIBS (1b purple) 

and the microsampling for 

SEM/EDX (1a&b, yellow). 
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 iconography to that of the Modena triptych8. Later, when separated 

from its reverse, it was embedded in a thin rectangular wooden panel 

(H. 23.6 cm x W. 18 cm). A detailed assessment of the icon9 suggests 

a date between 1567 and 1570, the first period of Theotokopoulos in 

Venice, after his move from Herakleion in 1567/mid 156810. A 

detailed technical description11 dealing with the present condition of 

the icon, overpaintings, additions, etc indicates that the setting of the 

icon on the thin wooden support (3-6mm) occurred in late 18th-early 

19th century. During the cleaning process, the date MDLXVII (1567) 

was uncovered on the left lower side of the icon (Figure 2). The date is 

authentic since the inscription, in gold, lays under the overpainting and 

the original varnish. It follows the damage and the fine network of 

cracks of the painting.  

 
The “Adoration of the Magi” (Cat. No. 3048, Figure 3) is one of the 

two icons in the Benaki Museum Collection bearing Domenicos 

Theotokopoulos signature (ΧΕΙΡ ΔΟΜΗΝΙΚΟΥ) (Figure 4); the 

 
 

Figure 2: Detail from the lower 

left side of The Baptism after 

cleaning. IR imaging revealed the 

MDLXVII (1567) date and 

facilitated the conservator’s work. 

Figure 3: The Adoration of the 

Magi (MB Cat. No. 3048). The 

green and orange spots represent 

the areas analysed by XRF and 

FT-NIR respectively. 
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second being “Saint Luke painting the Virgin”. The “Adoration of the 

Magi”, painted in Candia (Herakleion) on second hand boards initially 

used in the construction of a chest, dates between 1565 and 1567 and 

measures H: 56cm x W: 62cm. Both works in the Benaki Museum 

collection display similar technical features (under drawing, colour 

palette and handling of the brush-stroke) to the fully signed 

ΔΟΜΗΝΙΚΟΣ ΘΕΟΤOΚΟΠΟΥΛΟΣ Ο ΔΕΙΞΑΣ icon of the 

“Dormition of Mary”, discovered in 1983 in Syros. In all three early El 

Greco paintings, a range of Italian elements have been recognized to 

varying degrees 12.  

 

 

Methodology: Non destructive Physicochemical Techniques  

 

The non-destructive techniques applied for the analysis of the Baptism 

involved the use of X-radiography (General electric Scenograph DMR, 

25kV-6mA) and computer aided tomography (CAT Picker PQ2000, 

120kV- 100mA and 210mA); multi-spectral (UV-Visible-IR) imaging 

(MUSIS HS FORTH photonics, 365-1100nm); detailed examination 

under a stereoscope (Olympus SZX9, Highlight 3100, CCD Sony 

Exwave HAD, magnification 10-150x); analysis by X-ray fluorescence 

spectroscopy (XRF)13; on 27 spots (spot area 3mm2) shown in figure 

1a. ( XRF: Rh anode X-ray tube, 50kV 1mA, PIN-Peltier cooled X-ray 

detector, anal. conditions 40kV filtered excitation, 15KV unfiltered). 

Following completion of the restoration, the painting was analyzed by 

Fourier transform near infrared spectroscopy (FT-NIR 4000-

120000cm-1, Vector 22N, Brucker Optics) (Figure 5a) on 28 selected 

spots and laser induced breakdown spectroscopy14 (LIBS, pulse laser 

Nd:YAG, 52nm, 15nsec, ICCD detector) on 4 spots (spot area 0,01 

 
 

Figure 5a: Spot analysis of The 

Baptism with FT-NIR technique 

at NHRF. 

 

 
 

Figure 4: Τhe Adoration, detail 

with El Greco’s signature ΧΕΙΡ 

ΔΟΜΗΝΙΚΟΥ 
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mm2, 20mJ/cm2) all show in figure 1b. The application of digital 

holographic interferometry15 allowed a thorough structural 

examination of the icon with the identification of detachments, cracks 

and other damages underneath the surface and facilitated the 

conservator’s work. The re-examination of the icon after the 

completion of restoration has provided the Conservation dept. with a 

strong documentary base for the future. The non destructive 

examination was complimented by optical microscopy, μRaman, 

μFTIR spectroscopy, high performance liquid chromatography 

(HPLC/DAD) on micro-samples16 obtained during the conservation 

process. Scanning electron microscopy combined with energy 

dispersive X-ray analysis (SEM/EDX, JEOL XSM-5310, Si(Li) 

detector) was also used on 4 selected microsamples (polished cross 

sections mounted in resin).  

The analysis of The Adoration, according to the above methodology 

Figure 5b and 5c) is in progress. The spots analysed by XRF as shown 

in figure 3. 

  

 
Figure 5b – 5c: Examination of 

The Adoration under the 

stereoscope, conservation dept. of 

the Benaki Museum; spot XRF 

analysis at NCSR Demokritos. 

Figure 6: X-ray image of The 

Baptism. The original wooden 

substrate is free of tree rings; 

those depicted in the radiograph 

come from the wooden support of 

the late 18th-early 19th cent.  
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The Baptism - Results 

The X ray examination (Figure 6) shows the use of a wooden substrate 

which is free of tree-rings, most possibly made of hardwood with an 

original thickness in the order of 6-8mm17.  

The analytical results are summarized in table 1 where 

microphotographs from the stereoscope are combined with the data 

obtained from the analysis of this area by XRF technique. The 

identification of gypsum in the ground layer (Figure 7) reveals the 

application of the gesso technique18. By using the ratio of intensities 

for M and L lines of lead19 (Pb) from the XRF spectra, in combination 

with the X-radiography, it became clear that lead white was used for 

both the imprimatura layer and the highlights. 

 
         Figure 8a: The Baptism: detail of the two angels on the  

         right (VIS and IR images). 

 
Figure 7: FT-nIR spectra from all 

28 spots analysed on The Baptism, 

showing the presence of gypsum 

(gesso technique) and an oil 

medium. 

 
 

Figure 8b: The Baptism: detail of 

Christ (VIS and IR images). 
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The IR imaging (Figure 8a, 8b and 8c) revealed a very detailed 

drawing of the figure of Christ which was made with a thin brush most 

probably with the use of organic black and/or umber (according to 

XRF, SEM/EDX data). On the other hand, Saint John and the Angels 

were not sketched with the same diligence. Detailed examination of 

the painting with the same technique revealed the existence of a date 

(MDLXVII) in the lower left part of the icon, hidden under the layers 

of subsequent overpaintings and retouchings subsequently revealed 

which was then uncovered during the restoration.  

All FT-NIR spectra (Figure 7) are characterized by the presence of an 

oil substance which points to the direction of an oil medium. Slight 

differences in the FT-NIR spectra of the orange-yellow himation of the 

right angel and the observation of micro-craters under the optical 

microscope may also suggest the selective application of an oil-egg 

emulsion20.  

a. The pigments used for the blue were lapis lazuli identified by LIBS 

(Figure 9a), smalt a cobalt rich blue glass, identified by XRF for the 

light blue and probably well crystalised azurite21 for the dark blue of 

the sky (center of icon) and Christ’s loincloth;  

b. gold paint has been used for the details of the Christ’s loincloth and 

the date;  

b. umber, possibly mixed with organic black, for the brown and dark;  

c. arsenic sulfides (orpiment and/or realgar) mixed with umber and 

yellow ochre for the orange himation of the right angel;  

d. most probably verdigris (basic copper acetate) for the foliage of the 

trees and the green garment of the right angel which in an oil medium 

forms a copper glaze22 (Figure 9c);  

Figure 9: LIBS spectra from The 

Baptism a, lapis b, lead-tin yellow 

type II, c, Cu-based green (basic 

copper acetate in oil). 

 
 

Figure 8c: The Baptism: detail of 

the left angel (IR image). 
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e. organic red (lake)23 for St John’s garment, the cloth offered to 

Christ and the red tints in the sky; 

f. cinnabar for the miniature orange-red figure standing out on the 

bank of the Jordan river (between St John and Christ); cinnabar, most 

possibly in thin underlying layers, has also been used for the flesh of 

Christ24 while the shadows are worked with umber;  

g. lead tin yellow type II (mixed with lead-tin type I) (Figure 9b) has 

been used selectively for the yellow leaves of the trees and the yellow 

highlights of the sky around the Holy Spirit;  

h. poorly crystallized azurite, ochre and gypsum have been used for 

the painting of the wooden substrate (on both sides of the arch) into 

which the icon was laid after its separation from the original triptych;  

i. titanium oxide and a blue that is non-identifiable with the XRF 

(lapis?) were used for an extended retouching on the sky in an attempt 

to cover cracks and craquelure, clearly visible under UV imaging; 

titanium oxide has also been used for the most recent retouching either 

before or on the occasion of the recent appearance of icon in the 

market.  

An interesting feature revealed by the XRF analysis in most of the 

spots tested was a characteristic pattern between Co-Fe-As (with 

occasional presence of Ni) expressed as stable ratios between the 

elements (Figure 10). The results from SEM/EDX technique (Figure 

11) verified the presence of cobalt glass inclusions in the preparation 

layer of imprimatura, which are colourless or vary in colour from grey-

blue to pale grey. The tint of the glass does not present any correlation 

with the chemical composition and can be probably attributed to 

discoloration. 

 

Figure 10: The Baptism: a. XRF 

spectrum from the sky (#24, 40 

KV, 200s). Minor amounts of Fe, 

Co, As, Ni are indicative of the 

presence of glass used both as 

blue pigment and in the 

imprimatura; b. the Fe-Co-As 

correlation is clearly shown from 

the ratios AsKa/CoKa and 

CoKa/FeKa. 
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Another interesting feature in the Baptism is that the proportion of 

glass inclusions over lead white in the layer of imprimatura varies 

greatly. We note the use of almost pure glass mixed with small 

quantity of lead white in the underlying transparent layer (Figure 12), 

for the depiction of the clear waters of the Jordan River and for the sky 

in the upper part of the icon. The atomic ratio Si/Pb which is usually 

2.8-3 in the layer of imprimatura increases to 6.5-7 in these areas. 

Smalt or blue cobalt glass of the same composition has been used 

mixed with lapis lazuli for the blue of the sky (Figure 10).  

The presence of Fe, with simultaneous detection of Ni, as trace 

element, points to the use of minerals in the series of arsenopyrite-

smaltite, such as cobaltite (Co,Fe)AsS and erythrite 

[Co,Ni]3[AsO4]2.8H2O for the production of zaffer25, parent material 

of smalt, both found in Central Europe (Saxony and Bohemia) and in 

North Italy. Also, in view of the significant amount of iron26 which 

usually results in green hues, the blue-grey colour of the glass 

inclusions can be attributed to the presence of FeII ions as a result of 

the procedure followed for the glass making technique27. The materials 

Figure 11: The Baptism: SEM 

and OM migrographs of a cross-

section from the sky (Fig.1b, 

SEM4). The layer of imprimatura 

with colourless glass inclusions 

(inset SEM photo) mixed with 

lead white. On top, lapis and blue 

glass (smalt) are used for the blue 

(elemental mapping for Si, Ca, 

Pb, Na, Al, S). 

 
 

Figure 12: Cross-section from the 

Jordan River waters (Fig.1a, 

SEM1). From top to bottom: lapis 

and smalt are used for the blue; a 

transparent layer of 15μm mainly 

containing glass over a thin layer 

of lead white; a thin dark umber 

layer applied directly on the 

gypsum preparation. 
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 detected are in agreement with those recently revealed by the re-

analysis of samples of paintings by Bellini, Giorgone, Titian and 

Tintoretto and clearly show that Greco, soon, after his arrival in 

Venice, incorporated in his work the “Venetian palette” as well as 

materials and colorants not specifically designed for use in oil paint 

(i.e. glassy materials-“smalti”28, lead tin type II, blue smalt).  

 

A first comparison with ‘The Adoration of the Magi’ 

As the analysis of the “Adoration of the Magi” is not yet complete, 

only certain features of the painting technique and of the materials and 

pigments used will be discussed here. The colour palette of the icon 

and the results from the spot XRF analysis (figure 3) are summarised 

in table 1 in an attempt to achieve a direct comparison with the 

respective data from the Baptism presented above. 

 

 
 

Figure 14a – 14d: Details from 

The Adoration, IR images 900-

1200nm. 

 

Figure 13: X-ray image of The 

Adoration of the Magi. 
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The technique – materials and pigments 

The X-ray image of “The Adoration of the Magi” reveals structural 

details of the icon some of which are also visible to the eye, i.e. the use 

of a canvas substrate applied on a fine wooden panel constituted by 

two parts and the two wooden battens on the back. Well identified 

tree-rings and gnarls as well as some transversal nails are revealed in 

Figure 13. The IR imaging (Figure 14 and 15) uncovers an 

underdrawing made with a thin brush, more detailed and accurate in 

the Virgin and Chist (Figure 14b and 14d) and rather vague in the 

heads of the soldiers (figure 14c). On close examination of the drawing 

and colouring details in the two icons we note the similarities between 

the contours of the head of Christ in The Baptism and the face of 

Virgin in The Adoration (figure 8b and 14d).  

 
 

Figure 15: The Adoration: Detail 

of a soldier; inserted IR image. 
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The abundant presence of Ca points to the probable use of gypsum that 

covers the whole substrate indicating the use of the gesso technique. 

This will be tested by the forthcoming FT-NIR analysis. Lead white is 

used as an underpainting layer (imprimatura?) and for the highlights, 

but in a different manner than that used for the Baptism. The pigments 

identified are ochres, umber, organic black, red lake, copper based 

green (most probably basic copper acetate), cinnabar and lead-tin 

yellow. It is remarkable to note the detection of proportionately 

correlated Co and As in most of the areas analysed as shown in the 

diagram of Figure 16. Co and As as well as the accompanying traces 

of Ni and Bi29 are indicative of the presence of glass inclusions in the 

lead white layer. The Fe-Co-As correlation diagram that was used in 

the case of The Baptism was not applicable in The Adoration due to 

the abundant use of Fe rich yellow-orange ochres. 

 
 

From the comparison of the microphotographs obtained under the 

stereoscope, the IR images and the materials identified so far we can 

put forward a number of features that differentiate the Adoration from  

 

Figure 16: Diagram showing the 

proportional correlation of Co vs 

As, according to XRF data. (The 

Adoration). 
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the Baptism. We note:  

1. The absence of precious pigments like lapis, azurite, orpiment and 

gold in The Adoration.    

2. The absence of blue colour for the rendering of the sky in The 

Adoration, with the simultaneous lack of all blue pigments like lapis, 

azurite and smalt, as opposed to the vividly blue sky of The Baptism.  

3. The extensive use of pure cinnabar, in the case of The Adoration 

(thick layer on the boots of the Magi, thin brushstrokes for the red 

head-cover of the black Magus and for the reins of the right horse) as 

opposed with the very localised use in The Baptism (fine red figure 

that stands out from the crowd on the bank of Jordan River - Figure 

17). Following a long tradition in Byzantine painting, cinnabar is also 

found mixed with ochre in the orange garment of the kneeling Magus, 

in the Adoration.  

4. The extensive use of organic black, which when mixed with white 

gives a variety of shades from black and dark grey on the left part of 

the icon to bluish-grey on the back of the horse on the right side. Such 

use of organic black is common in Byzantine icons but is absent in The 

Baptism. 

 

Lead-tin yellow, found in both icons was probably imported from 

Venice and could be easily found in Crete as shown from the recent 

analysis of icons belonging to the Cretan School30. 

 

 

Conclusions 

The article puts forward a new methodological approach for the 

examination of paintings based on the combined use of visual, 

structural and analytical non-destructive techniques. 

 
 

 
 

Figure 17: Detail from The 

Baptism. A human figure that 

stands out from the crowd on the 

left bank of the Jordan River; 

rendered with three brushstrokes 

of cinnabar.  
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The comparison of the two icons suggests that though the early El 

Greco works in Crete manifest an Italian influence31, the techniques 

and materials used lie firmly in the Byzantine tradition.  

The recent discovery32 of glass inclusions in the works of Venetian 

Renaissance painters (also found in The Baptism) indicates a cross-

fertilization of painters' colors by materials used by other artisans. 

Pigment manufacturers, and color sellers, or vendecolori33, served a 

multitude of trades including painters, glassmakers, potters and textile 

dyers. The presence of a characteristic Co-As correlation in the lead 

white of The Adoration also suggests the presence of “Venetian” glass 

inclusions. If the presence of glass is directly confirmed by the 

forthcoming SEM-EDX microsample analysis we may draw some 

interesting conclusions about the extent of this practice and the trade 

of painting materials across the Venetian realm. 

Future work involving the analysis of St Luke icon from the Benaki 

Museum and the Dormition of Mary in Syros, in comparison with 

other Cretan icons will complete our understanding of the early El 

Greco period.  
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