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Abstract

Fotis Kontoglou (1895–1965) was a prominent Greek painter and writer, known primarily
for revitalizing byzantine painting in the 20th century and being one of the first artist-
conservators in Greece active at this period. The current study represents the first systematic
attempt to examine seven (7) icons (i.e., ecclesiastical panel paintings) attributed to Kon-
toglou, currently located in two famous monasteries in Laconia, Greece. The research uti-
lized exclusively non-destructive analytical techniques, namely digital optical microscopy,
UV-induced visible fluorescence photography (UVIVF), and portable X-ray fluorescence
(p-XRF) spectroscopy, to identify the materials—particularly pigments—employed in the
corresponding paintings. The results are interpreted under the light of Kontoglou’s own
writings on painting, in particular his “Ekphrasis” painting manual. Preliminary assess-
ments of surface morphology and state of preservation were achieved through macroscopic
and microscopic probing, as well as through inspection under ultraviolet light, while fur-
ther analysis was performed using portable X-ray fluorescence spectroscopy. The results
confirm the employment of both traditional and modern synthetic inorganic components,
while comparisons with the pigments listed in Kontoglou’s “Ekphrasis” painting manual
suggest his persistent use of a rather limited palette of pigments. Nevertheless, despite the
fact that the paintings were executed in a small period of time (1954–1956), data revealed
notable differentiation between the studied icons, which probably indicates procurement
of materials from various sources. Given the scarcity of technical investigations of modern
(20th century) paintings, this study is relevant and reveals some interesting hints, which
may pertain to the trends of the mid-20th century Greek paint market, like, e.g., the rather
limited distribution of Ti-white. Additionally, the current findings contribute considerably
towards understanding Kontoglou’s artistic methods during a highly creative period and
can be utilized to support future conservation efforts. Ultimately, the current preliminary
study sheds light on some methodological aspects of the pertinent research and assists
towards establishing a detailed protocol for future studies.

Keywords: pigment; zinc white; gilding; XRF; UV photography; digital optical microscopy

1. Introduction
Religious painting holds a central role in Eastern Orthodox Christian culture, combin-

ing spiritual significance with a long artistic tradition [1,2]. Even after the Seize of Con-
stantinople and the end of Byzantium (1453), religious painting continued to be practiced
in territories with Orthodox Christian communities, leading to the creation of thousands of
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pertinent works; interestingly, most of the Greek painters working within this framework
showed adherence to the traditional way of painting [1,3]. However, after the formation
of the Greek State in the early 19th century, academic painting emerged, and many icon
painters started deviating substantially from the traditional, “Byzantine” religious painting
style [4]. Similar trends have been documented in other Orthodox territories too, and it was
not until the early 20th century that painters started exploring the rich world of Byzantine
painting again, a tendency that was to a certain degree sparked by the rediscovery of old
Byzantine icons in Russia and beyond [5]. A similar trend emerged in Greece too, yet in
this case the person who initiated and led the reinvention and revival of the Byzantine
painting was Fotis Kontoglou.

Fotis Kontoglou, a prominent Greek painter, writer, and practical art conservator, was
born in Ayvalik (then known as Aivali), Asia Minor (Western Turkey), on 11 November 1895.
As his father passed away early, he was raised by his mother and uncle, Archimandrite
Stefanos Kontoglou [6]. He spent his school years in Ayvalik, completing his education
while also contributing to the student magazine Melissa [6]. In 1913, Kontoglou studied at
the Athens School of Fine Arts, entering the third year due to his natural talent. Two years
later, he left his studies and traveled throughout several countries. Eventually, he settled
in Paris, where he lived until 1919 and wrote the book Pedro Cazas [6,7]. His stay there
functioned as a preparatory period; while his exposure to post-Byzantine painting may
have provided him with foundational techniques and stylistic approaches, it was Europe
that enabled him to create without imitation, embracing modern ideas [7].

Upon his return to Ayvalik, he started teaching French and Art at a high school [8].
However, due to the Turkish War of Independence (1919–1922), he was forced to become a
refugee, first relocating to Lesbos and then to Athens, where he first worked for the well-
esteemed Εγκυκλoπαιδικóν Λεξικóν Ελευθερoυδάκη (Eleftheroudakis Encyclopaedic
Dictionary) [6].

The year 1922 represents a landmark in his artistic and literary development. He visits
Mount Athos, and, during his stay there, he wrote numerous texts, primarily dedicated
to Stratis Doukas—which were included in the first edition of Vasanta published in 1923.
However, the longer he stayed in the Athos monastic community, the more he became
fascinated by post-Byzantine art, making copies of many pertinent works [6]. That same
year, also he held an important exhibition with the already very famous contemporary
painter Konstantinos Maleas and displayed his works at the Girls’ Lyceum of Athens [6,8].

Kontoglou married Maria Chatzikampouri, a fellow Ayvalik native, in 1925, and
their daughter Despina (now Mrs. Martinou) was born in 1927 [6,9]. Between 1924 and
1932, Kontoglou moved five times before settling with his wife and daughter in a house
of his own at 16 Vizyinou Street in Athens [9]. In 1932, with the help of the renowned
painters Yannis Tsarouchis and Nikos Engonopoulos, he created frescoes in his own home at
16 Vizyinou Street—works that are now housed in the National Gallery [9].

His conservation work began in 1930 at the Byzantine Museum of Athens, followed by
positions at the Coptic Museum in Cairo (1933) and the Corfu Museum (1934–1935). From
1936 onward, he worked on preserving and cleaning the extremely important Byzantine
wall paintings of the Perivleptos Church in Mystras, Laconia, Greece [6].

Additionally, during the 1930s, he produced a large number of icons (religious panel
paintings), while his first wall paintings in small chapels marked the initial link in a
chain of tireless efforts to revive the post-Byzantine iconographic tradition [6]. During
the same period, he participated in numerous exhibitions in Greece and abroad, and
between 1937 and 1939, he executed Byzantine-style murals (primarily scenes pertaining
to Athens’ history) at the Athens City Hall [6].
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After the end of World War II, and in particular from 1945 onward, with his students,
he dedicated himself to painting numerous churches—including the Kapnikarea Church
in Athens (1942–1953)—and created a large number of portable icons. Guided by the
traditions of Byzantine and Greek folk art and drawing additional inspiration from earlier
artistic periods such as the Fayum portraits, he consistently advocated for the authenticity
of Greek artistic expression [10]. His work played a pivotal role in shaping modern
ecclesiastical painting and beyond, and his contribution is regarded as both foundational
and enduring [11].

Besides being a multifaceted and gifted artist, Kontoglou was also a distinguished edu-
cator who founded a significant iconography workshop with the primary aim of imparting
his profound experience and knowledge to the next generation [1]; one should not overlook
the very significant impact of Kontoglou’s writings on modern Greek literature. In addition,
his overall contribution was well recognized from his contemporaries, and in 1960 he was
awarded the Athens Academy Prize for his two-volume work Ἔκφρασις τῆς ᾿Ορθoδóξoυ
Εἰκoνoγραφίας (Ekphrasis of Orthodox Iconography), published by Astir [7,12]. Sadly,
Kontoglou passed away on 13 July 1965, in Athens, his death being the result of complica-
tions following surgery necessitated by a car accident [8].

The aforementioned Ekphrasis by Kontoglou is a work that outlines traditional tech-
niques and the principles of Byzantine and post-Byzantine iconography, emphasizing the
spiritual and artistic discipline required for this sacred art [13]. It was first published in
1960 and serves both as a technical manual and a philosophical/theological guide, reflect-
ing Kontoglou’s devotion to simplicity, humility, and timeless craftsmanship in religious
painting. It is worth noting that Ekphrasis can be seen as a natural continuation of the
renowned Dionysius’ of Fourna ῾Ερµηνεία τῆς Ζωγραφικῆς Tέχνης (Hermeneia of the
Art of Painting) painting manual, and it is true that its technical content overlaps in part
with the latter text [14,15]. Written between 1728 and 1733, Dionysios’s manual remains
one of the most significant efforts to preserve and transmit the Byzantine tradition of
icon painting [15,16]. Addressed to practicing iconographers, his work adopts a practical
and prescriptive tone, codifying both the technical processes and thematic conventions of
Orthodox iconography.

Writing in the mid-20th century, Kontoglou builds upon this foundation while signifi-
cantly expanding its scope. Although his Ekphrasis serves a similar instructional purpose, it
is also deeply theological and polemical, against the introduction of naturalistic painting in
religious contexts, defending the spiritual and aesthetic integrity of Orthodox iconography
against Westernizing influences. Thus, the relationship between the two works reflects
more than a mere transmission of artistic technique; it embodies a deeper continuity of
Orthodox tradition, encompassing theology, aesthetics, and cultural identity, from the
post-Byzantine period to the modern era [12].

According to Kontoglou’s guidelines in “Ekphrasis”, the following pigments and dyes
are decent and therefore proper for painting religious themes, while they are also recom-
mended as “stable and unaltered by the passage of time”. On this basis, these pigments
might have been integral to his iconographic art, used individually or in combination
to produce various shades. While many are common in traditional painting, they are
presented here from Kontoglou’s unique perspective and using his own terminology [13].

White (“άσπρoν”):

Kontoglou states that white serves as the foundation for all colors in iconography,
since all pigments are mixed with it in order to produce the various corresponding shades.
Therefore, painters must pay special attention when selecting his white pigment. Kontoglou
preferred titanium white for its durability and brilliance over alternatives like zinc white,
and suggests the addition of a bit of zinc white to avoid “whitening too much” [13].
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Black (“µαύρoν”):

Charred ivory yields the finest quality black pigment, according to Kontoglou, while
soot and other bone-blacks can serve as alternatives. Black was essential for depicting
shadows in skies, doors, windows, and caves [13].

Ochre (“ώχρα”):

A class of yellow-gold earth pigments deriving “from the rust of iron”, can
be found in various tones, from reddish (“πoλίτικη”/“politiki”) to greenish-yellow
(“βενέτικη”/“venetian”). Apart from major substances of many colors (like, e.g., flesh
tones), ochre was also used as a base for crowns of the Saints, and Kontoglou explic-
itly states that ochre is an “unaltered and strong” pigment (“χρώµα αναλλoίωτoν και
δυνατóν”) [13].

Raw Sienna (“σιέννα ωµή”):

This is a deep yellow resembling the color of wood, hence often named “deep ochre”
(“βαθείαν ώχραν”) by the old masters. Like ochre, it is an earth pigment considered to be
“unaltered” (“αναλλoίωτoν"), often used as a base for rendering gilded highlights [13].

Burnt Sienna (“σιέννα ψηµένη ή καµένη”):

This earthy red-brown pigment is considered as stable as raw sienna and was also
employed as a base for rendering gilded highlights/striations (“χρυσoκoνδυλιές”) [13].
Additionally, Kontoglou mentions that the old craftsmen used the term bole (“βώλo”) for
this very pigment.

Raw Umber (“óµπρα ωµή”):

Resembling earthy tones ranging from brown to ashen green, raw umber was often
used for flesh undertones and garments, and it often served as the dominant color for
particular dresses [13].

Burnt Umber (“óµπρα ψηµένη”):

A stable earth pigment of a blackish-red or deep-brown shade, burnt umber can be
mixed with white to produce an exceptional violet tone according to Kontoglou [13].

Chondrokokkino (“χoνδρoκóκκινo”):

This pigment is described as “not too red. . .yet very sweet and stable” (“δεν είναι πoλύ
κóκκινoν. . .αλλά είναι γλυκύτατoν και στερεóν”) and is an earth material composed of
“iron rust” (“σκoυριά τoυ σιδήρoυ”) that was valued for its depth and richness [13].

Lazuri or Indikon (“λαζoύρι ή ινδικóν”):

According to Kontoglou this pigment was imported from India and provided a mauve
tone; however, being a “plant-based” pigment, it was rather unstable (“αδύνατoν”). Kon-
toglou adds that “now, we have loulaki (“λoυλάκι”, i.e., synthetic ultramarine), which is
very stable and can also be used on wall painting” [13]. The interchangeable use of the
terms lazuri and Indigo by Kontoglou is confusing, since the former is most commonly
used in association with mineral blue pigments (mainly lazurite and azurite) [14,17].

Cobalt (“κoβάλτιoν”):

A durable, light blue pigment, cobalt was suitable for wall painting [13].

Copper Green (”πράσινoν τoυ χαλκoύ”):

Produced from copper and vinegar, this “stable” (“στερεóν”) green pigment was often
used for intricate details in iconography and was once named “vardaramon or tsigkiari”
(“βαρδάραµoν ή τσιγκιάρι”) [13].
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Lake (”λάκκα”):

This is a deep crimson pigment made from natural dyes like lac resin or Brazilwood,
which, however, was rather impermanent; therefore, it was either used in the form of glazes
or varnished to preserve its delicate color [13].

Vermillion (“κιννάβαρις”):

This vibrant red-orange hue, resembling pomegranate flowers, was made from mer-
cury and was commonly used for writing red text in manuscripts and in particular for
signing imperial documents [13].

In each era, the availability—or lack—of particular pigments shaped the way artists
approached their use. For instance, during the Middle Ages, each pigment was treated with
great significance, as though it were an exceptionally valuable component of the palette,
and it was rarely diminished through mixing. Such mixing typically occurred for economic
reasons or due to the rarity of a particular pigment [18].

This reverence for pigments is less evident in more recent periods, in which access to a
wide variety of shades and types of colored pigmented substances is considerably easier [18].
In his era, Kontoglou may have had access to various pigments, but he believed that
polychromy did not suit the divine character of iconography and that icons should reflect
modesty. Nevertheless, specific combinations were carefully crafted to enhance details in
religious icons, showcasing both artistry and precision [13,19]. Hence, Kontoglou provides
detailed instructions on the proper mixing of pigments, and the resulting combinations
reflect his commitment to traditional techniques, offering a timeless palette steeped in
spiritual symbolism. It is worth transcribing Kontoglou’s concluding phrase about pigment
mixing: “Yet you shall avoid the many and various colors (i.e., pigments), and hold dear the
simple and humble ones, and those (pigments) that appear like faint due to oldness” [13].

Kontoglou’s work was extremely influential for his contemporaries and the painters
to come, and this is well demonstrated by the fact that many Greek 20th-century painters
were either direct students of his (like the renowned painters Yannis Tsarouchis and Nikos
Engonopoulos), or obviously influenced by his work [20,21], as well as by the great interest
of scholars about his artistic work and overall activity that was sparked far before his
unexpected death; in addition, Kontoglou has been commonly considered among the
artists of the so-called “Generation of the Thirties” [22], while he is admired for both his
paintings and writings [23].

Despite the significance of his work, to the best of authors’ knowledge, none of
Kontoglou’s paintings have hitherto been studied by means of analytical techniques. In fact,
it appears that the technical studies of Greek 20th-century paintings are indeed very scarce,
since only a handful of pertinent publications exist [24–27]; therefore, a significant gap in
the contemporary technical literature is documented. It is worth noting that, contrarily,
several technical investigations of contemporary European paintings exist, which have
gradually built a considerable body of literature [28–32]. In this view, the current study
aims primarily to compensate—at least partially—for this gap. The main target of this
study is to identify the painting materials (focusing on pigments) employed by Kontoglou
in certain icons, in order to assess if the pigments used in his paintings correspond to those
described in Ekphrasis and traditionally employed in post-Byzantine iconography. Also,
the technical investigation of Kontoglou’s icons will provide evidence about his working
methods and painting materials. Thus, another critical question may be answered: did
Kontoglou remain adhered to particular materials upon rendering his paintings, or did he
rely on materials deriving from different sources? This data will certainly provide sound
foundations for expanding the research on Kontoglou’s paintings, which will allow for
proper management and conservation planning of his extremely valuable artistic legacy.
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To this end, seven (7) Kontoglou icons that are currently kept in two Greek monasteries
were thoroughly studied in situ using non-invasive and portable techniques, like digital
microscopy and portable X-ray fluorescence spectroscopy. Details of the methodology are
provided below.

2. Materials and Methods
For the study, the authors investigated seven (7) icons painted by Fotis Kontoglou

between 1954 and 1956, which are currently located in two monasteries in the region of
Laconia (monasteries of St. Anargyroi & Forty Martyrs). Indicative images of the paintings,
along with the corresponding details, are shown in Figure 1 and Table 1. Note that the
state of preservation was classified on the basis of the framework presented by Keene
Suzanne [33]. In particular, four levels can be identified:

1. Condition Scale 1—VERY GOOD: The object is in very good preservation/conservation
condition or stable.

2. Condition Scale 2—GOOD: Good condition, possibly deformed or worn but stable,
not requiring immediate intervention.

3. Condition Scale 3—FAIR: Poor condition, potentially unstable, where intervention is
desirable or necessary.

4. Condition Scale 4—POOR: Unacceptable condition, completely unstable and ac-
tively deteriorating, with the risk of affecting other objects. Immediate intervention
is required.

 
Figure 1. Pictures of the examined portable icons. (a) Archangel Michael; (b) Archangel Gabriel;
(c) Prophet Isaiah; (d) Prophet Zechariah; (e) Prophet David; (f) Prophet Jeremiah; (g) Saint Alexios.
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Table 1. The corresponding dimensions and year of creation of the examined portable icons. In the
case of the Archangels’ icons, the width was not measured (n.m.) due to inaccessibility.

Theme Provenance Date
Dimensions (cm)

State of Conservation
(Condition Scale
According to [33])

Height Length Width

Archangel Michael St. Anargyroi
Monastery 1954 105.0 48.1 n.m. 1

Archangel Gabriel ” 1954 105.0 48.2 n.m. 1
Prophet Isaiah ” 1954 80.0 52.0 2.0 1

Prophet Zechariah ” 1954 83.4 50.0 2.0 1
Prophet David ” 1954 80.0 52.1 2.0 1

Prophet Jeremiah ” 1954 83.4 54.0 2.0 1

Saint Alexios Forty Martyrs
Monastery 1956 43.0 38.0 1.5 2

The adopted methodology included only non-invasive techniques, i.e., photography
under ultraviolet illumination (ultraviolet-induced visible fluorescence—UVIVF), digital
optical microscopy, and portable X-ray fluorescence (p-XRF) spectroscopy. In particular,
a 500× Zoom USB Digital Microscope (Smart Electronics, Shannon, Ireland) was used,
connected to a MacBook Pro (Apple Inc., Cupertino, CA, USA) to document all points
of interest on the icons in situ. Microphotographs were captured using the microscope’s
integrated 2 MP camera, achieving magnifications of up to 500×. After the preliminary
investigation under the digital microscope, the paintings were further examined and pho-
tographed under UV light. UV photography of the icons was conducted in situ at the
monasteries using specialized UV lamps and a Nikon D3400 DSLR camera (Tokyo, Japan)
equipped with an 18–55 mm AF-P Nikkor lens in fully manual mode. For the best re-
sults, the space was completely darkened, with the only light source being two T8 18W
G13 Blacklight fluorescent tubes (emission peak at 365 nm) positioned at a distance of
30 cm and a 45-degree angle to the left and right of each icon. The camera was mounted on
a tripod to prevent image blur due to long exposure time and was used without additional
filters. Additionally, all the icons were thoroughly examined in situ using a portable X-ray
fluorescence spectrometer. In detail, for the XRF analyses, a Tracer 5 g spectrometer (Bruker,
Billerica, MA, USA) was used. This spectrometer is equipped with an Rh-target X-ray tube
(maximum voltage range 50 kV, maximum output: 4 W) and utilizes a high-performance
1 µm graphene window silicon drift detector (SDD). In the framework of the current
study, the generated beam was collimated by a 3 mm collimator; on each icon, several
spots of interest were selected based on macroscopic and UV inspection, and from each
point two distinct spectra were collected: the first with the spectrometer operating in a
15 kV–30 µA (no filter) mode for the detection of low Z elements (13/Al to 26/Fe) and the
second in a 50 kV–30 µA (+Ti/Al composite filter) set up for the excitation of the higher
Z elements (29/Cu to 82/Pb). The spots of the analyses are marked on the correspond-
ing figure provided as Supplementary Materials (Figure S1). Spectra were collected for
10 s and were subsequently processed using the Artax software (version 8.0.0.476, Bruker),
through which the net intensities of the identified elemental peaks were calculated. Given
that spectra from different points of analysis were collected using the same parameters
(voltage, current, acquisition time), the calculated net intensity values are comparable. Of
note, the signal-to-noise ratio (SNR) was calculated by dividing the net intensity of a given
peak with the noise of this very peak, with the latter being equivalent to the square root
of the corresponding background [34]. In cases of low peak intensity elements like Al,
SNR values above 20 were calculated in all cases, while in cases of major elemental peaks
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(like, e.g., peaks due to Fe and Zn) the SNR values were in most of the cases well above
1500. Finally, of note is that the employed spectrometer parameters led to high count rates
(30,000 to 60,000 cps) and dead times of around 5%, thus securing reliable statistics of the
collected spectra.

3. Results
3.1. Digital Microscopy

Detailed probing through the digital microscope revealed that all studied icons exhibit
common micromorphology in the paint layers, sharing similar color and texture characteris-
tics. Interestingly, the presence of varnish is not detected on most of the icons, with the icon
of St. Alexios being an exception, where varnish is occasionally observed (not consistently;
see Figure 2). Similarly, for the icon of Archangel Gabriel, there is some suspicion of the
presence of a thin varnish layer in certain areas (Figure 2).

 
Figure 2. Microphotograph of Saint Alexios and Archangel Gabriel. The off-white paint layer (scroll)
is partially covered by varnish, while the brown paint layer (himation) of Archangel Gabriel shows
possible signs of a thin varnish layer (200×).

Most paint layers, apart from yellow, exhibit significant inclusions of both white
and dark particles, thus indicating a strong tendency to produce desirable colors though
pigment mixing (Figure 3).

 
Figure 3. Microphotograph of Prophet Zechariah’s green tunic; paint layer containing numerous
white, dark, and reddish inclusions (200×).
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Additionally, all icons display cracking and sporadic losses of paint layers across their
surfaces, while small cracks are also detected on the gilded background of St. Alexios’
icon (Figure 4, left and middle). Generally, the paint layers exhibit uniformity in their
application technique. In particular, it is obvious that Kontoglou painted these icons by
using multiple overlapping yet not intermixed paint layers, which is the typical stratigraphy
of post-Byzantine painting (Figure 4, right) [14]. Recent interventions on the icons, mostly
on Prophet Isaiah, Zechariah, and Jeremiah, reveal differences in the pigments used on the
same surface, as seen in both USB microscope images and standard photographs (Figure 5).

 

Figure 4. (Left): USB microphotograph of St. Alexios. Cracking of the gold background (200×).
(Middle): USB microphotograph of St. Alexios. Cracking in the paint layer of the Saint’s head (cheek)
(200x). (Right): USB microphotograph of St. Alexios. Loss and exposure of the underlying substrate,
marginal line (200×).

 

Figure 5. USB microphotograph (200×) and standard photograph of Prophet Jeremiah. Recent
interventions on the red and green layers of the icon are evident. The USB microphotograph reveals
the newly added section of the green cloth.

3.2. UV Photography

Ultraviolet-induced visible fluorescence (UVIVF) imaging was employed as a comple-
mentary technique to highlight surface coatings (e.g., varnishes) and previous restorations.
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While UVIVF can reveal areas of interest that are not apparent under visible light, fluores-
cence responses are non-specific, with multiple natural and synthetic materials producing
similar emission colors. In addition, the appearance of fluorescence is influenced by mate-
rial aging, previous treatments, environmental factors, and the excitation/capture set up,
meaning that UVIVF observations are primarily qualitative. Therefore, UVIVF served as a
screening tool to guide sampling and interpretation, with material identification attempted
through X-ray fluorescence (XRF).

Upon UV photography, fluorescence was mainly observed in the white pigments of
the portable icons (Figure 6, left), as well as in certain overpainted areas that were invisible
to the naked eye (Figure 6, middle and right). In all icons except for the St. Alexios icon,
strong fluorescence was evident in regions containing white pigments and highlights,
which are, in fact, composed of various pigments mixed with white (Figure 6, left). There is
a possibility that lithopone was used as a preparatory layer—since this pigment exhibits
fluorescence upon exposure to UV radiation—particularly in the case of the St. Alexios
icon, where preliminary analysis detected a possible preparatory substance on the side of
the icon (Figure 7, left). The results were then compared with Dr. Cosentino’s study of
54 historical pigments [35].

 

Figure 6. (Left): Depiction of the fluorescence of white pigments in the icon of the Prophet Isaiah.
(Middle,Right): Depiction of Archangel Gabriel in ultraviolet light (middle) and visible light (right).
Under ultraviolet light, a correction to the Archangel’s hair becomes visible.

In addition, according to the literature [35], zinc white exhibits the most intense
fluorescence among white pigments, while lead white and lithopone fluoresce at varying
intensities depending on the binding medium. In contrast, titanium white, due to its strong
UV absorption, lacks fluorescence [35]. Therefore, the presence of fluorescence is significant,
as it can, in combination with p-XRF analysis results, aid in precisely identifying these
white pigments. The consistency between similar colors’ fluorescence patterns across the
icons, or lack of it, suggests the use of similar pigments across the studied works.

Patches of an orange-colored fluorescent material—probably a varnish [36]—were
observed primarily along the painted areas of the St. Alexios icon, and on the lettering
and halo outline on the gilded campus (Figure 7, right). It is worth noting that the orange-
colored fluorescence is considered a characteristic of shellac [37,38], while Kontoglou
explicitly mentions that only the lettering and halo outlines on gilded areas should be
covered with shellac [13]. Interestingly, the absence of pertinent fluorescence on the Prophet
and Archangel icons appears consistent with the writing of Kontoglou, yet in order to
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securely exclude the presence of varnish in these icons, additional technical analysis is
needed (e.g., ATR-FTIR).

 

Figure 7. Depiction of Saint Alexios under ultraviolet light. On the side of the icon, drips of varnish
are revealed (left), while the same, orange-fluorescent material appears on the recto of the painting
(right); the distribution of the fluorescence reveals that the varnish was not evenly applied over the
surface of the icon.

Finally, in the Archangel Gabriel icon, over-painting was detected around the head,
indicating the iconographer’s effort to reduce the hair size (Figure 6, middle and right),
while later interventions were also spotted in other icons through inspection under UV
radiation, thus highlighting the extent of later restoration interventions (Figure 8).

 
Figure 8. UV and visible (VIS) photography of the inscription of Prophet Zachariah revealed a clear
distinction beneath the letters “PI” (“RI”) in the UV image, which is not visible to the naked eye.

3.3. XRF Spectroscopy

The results of the p-XRF analyses are summarized in Table 2; in order to proceed with
the evaluation of the data, the latter were assessed under the light of pre-existing studies,
as well as through comparisons with the open access XRF spectra database provided by
CHSOS [39]. Significant similarities as well as notable differentiation were identified among
the analyzed portable icons.
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Table 2. Summary of the p-XRF results; numbers correspond to the net intensities of the elemental peaks.

Prophet David
S/N Al Ba Ca Cr Cu Fe K Mn P S Si Sr Zn Other

1 Campus 423 1449 69,655 29,684 20,708 2086 832 20,620 2107 1259 34,938
2 Margin (red) 262 113 163,443 119,115 498 665 29,395 354 995 2248
3 Red vestment—proplasmos 265 2038 42,019 436 214595 802 948 10,681 1713 1271 33,440
4 Red vestment—contour 296 2986 25,071 771 313,028 831 2687 971 3336 2554 1663 33,512
5 Red vestment—highlight 277 5360 62,933 68,274 706 552 28,061 675 2259 84,580
6 Halo 249 122 97,669 288,021 149 734 4261 181 422 1178
7 Flesh proplasmos 294 40,874 1014 1843 387,731 759 1367 798 2540 1733 591 2150
8 Flesh highlight 254 1504 55,856 1219 199,011 632 462 26,966 489 1070 33,235
9 Yellow stole 211 74,630 333,136 144 721 5169 141 467 1344

10 Pale red
vestment—proplasmos 460 1050 123,604 957 24,767 1599 1209 18,096 2551 1176 25,793

11 Blue chiton—highlight 216 4293 74,445 11,267 827 633 29,595 458 2092 77,198
12 White contour (halo) 202 5696 87,362 7803 282 321 33,684 221 2226 96,304
13 Red contour (halo) 320 153 52,201 669 378,956 455 924 2981 2569 509 2134
14 GlikasmosSarkas 339 218 31,783 816 1643 411,074 744 1289 853 10,560 880 645 4526
15 Greenish stone 453 734 50,816 74,549 151 214,381 1365 790 11,847 2343 1092 9250
16 Scroll—lettering (“I”) 402 6829 52,368 140 101,867 2010 8801 872 7866 3798 2582 82,427
17 Scroll—white 185 5609 62,049 10,061 614 320 23,663 740 2145 90,608

Prophet Jeremiah
S/N Al Ba Ca Cr Cu Fe K Mn P S Si Sr Zn Other

1 Campus 333 1173 95,816 25,842 15,881 1566 636 17,380 1522 1199 30,351
2 Margin (red) 291 194,893 83,122 377 477 29,436 282 978 887

3 Green vestment
(proplasmos) 418 1457 57,584 42,823 203 92,580 2262 1290 523 12,120 2852 1204 30,263

4 Green vestment (contour) 388 1254 46,859 47,212 231 129,617 2364 8221 753 6121 3167 1364 26,960
5 Green vestment (highlight) 190 6590 75,663 1062 5197 292 316 24,426 272 2554 96,170

6 Deep red vestment
(proplasmos) 176 2242 54,474 1649 164 83,484 994 10,490 900 13653 882 1643 47,936

7 Deep red vestment
(highlight) 210 6391 81,212 18,076 370 2670 394 26,696 366 2411 90,180

8 Halo 240 156,681 500 191,985 147 626 3971 100 502 946
9 Red contour (halo) 245 182,828 576 326 147,569 156 827 2780 1123 458 995
10 White contour (halo) 230 3598 122,376 35,439 256 384 21,351 244 1502 77,712
11 Flesh proplasmos 287 48,614 1632 1418 353,508 545 1185 683 2999 1329 613 1757
12 Flesh highlight 210 3699 57,451 662 92,572 629 489 21,297 387 1573 66,759
13 Flesh—reddish tone 232 1717 60,495 967 170,964 635 786 563 20,313 427 1041 37,017



Heritage 2025, 8, 528 13 of 30

Table 2. Cont.

Prophet Jeremiah
S/N Al Ba Ca Cr Cu Fe K Mn P S Si Sr Zn Other
14 Scroll—Lettering (“O”) 356 3399 67,094 16,750 1083 1022 17,442 2096 1561 74,624
15 Scroll 180 3568 74,465 11,454 386 363 27,043 338 1531 75,788

Prophet Isaiah
S/N Al Ba Ca Cr Cu Fe K Mn P S Si Sr Zn Other
1 Campus 549 1943 50,626 36,899 22,043 1877 976 26,959 2644 1703 48,333
2 Margin (red) 295 180,748 127,229 500 1087 39,461 509 812 1217

3 Blue vestment
(proplasmos) 403 869 113,900 23,282 2198 1040 23,119 2560 1082 25,084

4 Blue vestment
(highlight) 280 7134 84,136 8622 279 493 33,826 405 2736 96,469

5 Red vestment
(proplasmos) 352 2141 48,345 2785 137 110,879 1118 812 894 21,669 2651 1611 48,509

6 Red vestment (highlight) 200 13,865 83,011 14,741 462 540 34,292 392 3482 108,066
7 Flesh proplasmos 580 145,269 1002 458 199,709 1670 1049 1056 3104 4583 691 1205
8 Flesh highlight 240 3180 68,429 381 131,883 562 779 508 28,907 691 1525 53,652
9 Halo 231 102 168,089 211,383 126 828 4700 198 536 861
10 Red contour (halo) 309 97,183 1001 809 294,537 142 725 935 1968 3247 578 1159
11 White contour (halo) 219 3313 90,318 15,122 242 332 35,026 204 1500 75,185
12 Scroll—lettering (“N”) 569 10,394 64,383 608 14,137 845 732 1512 23,851 3397 3221 114,119
13 Scroll 260 9057 71,726 533 7386 279 552 454 38,486 358 3015 111,630

Prophet Zachariah
S/N Al Ba Ca Cr Cu Fe K Mn P S Si Sr Zn Other
1 Campus 428 2020 55653 34,389 19,823 2156 593 23,675 2620 1573 49,677
2 Margin (red) 279 277,744 63547 160 610 14,638 286 758 701

3 Pale brown vestment
(proplasmos) 268 1872 41,009 7331 105,315 1067 11,890 770 19,191 1526 1554 40,887

4 Pale brown vestment
(highlight) 253 2205 60,341 92,875 557 5679 578 27,590 902 1486 51,555

5 Blue vestment
(proplasmos) 337 690 164,843 15,091 1682 915 21,258 1929 1097 25,586

6 Blue vestment
(highlight) 236 904 81,570 19,167 1177 671 23,415 1277 1025 28,723
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Table 2. Cont.

Prophet Zachariah
S/N Al Ba Ca Cr Cu Fe K Mn P S Si Sr Zn Other

7 Red vestment
(proplasmos) 310 2672 27,678 389 167,465 1130 500 18,477 2053 1753 48,218

8 Red vestment (highlight) 294 5381 72,634 26,745 357 497 32,636 715 2649 85,248
9 Blue stone 1463 634 89,523 107,225 3615 348 27,122 6517 1075 12,984
10 Yellow galloon 258 223,638 144,575 704 3590 231 577 785
11 Greenish stone 637 677 84,239 85,434 125,927 2252 635 9094 4636 1447 10,309

12 Greenish vestment
(proplasmos) 531 1152 79,673 38,189 70,681 2014 637 18,137 4589 1526 28,395

13 Greenish vestment
(highlight) 339 2278 37,274 26,288 58,639 1231 527 32,132 1649 1888 53,624

14 Flesh—underpaint 466 103,435 1471 437 247,059 2046 1598 768 2692 3710 692 1089
15 Flesh—highlight 220 1659 76,994 429 113,860 495 425 25,737 351 1411 40,093
16 Red hut 309 2481 92,079 193,052 723 822 40,069 733 1685 41,033
17 Halo 266 194,238 137,011 123 658 4341 217 530 838
18 Red contour (halo) 244 103,547 442 277,843 435 1047 3287 2535 571 1484
19 White contour (halo) 272 2479 93,751 17,332 309 252 32,119 395 1532 56,971

Archangel Gabriel
S/N Al Ba Ca Cr Cu Fe K Mn P S Si Sr Zn Other
1 Margin (red) 268 3766 176,390 129,374 832 1804 5379 457 2435 29,688
2 Campus 475 6684 40,810 25,797 18,698 1915 1396 22,513 2123 3335 68,091
3 Halo 283 4389 91,075 261,336 303 1726 4817 296 2401 24,845
4 Flesh proplasmos 341 4199 45,267 798 330,760 1511 1967 1480 4444 1711 2443 19,699
5 Flesh highlight 239 6598 62,134 311 106,109 1065 1144 24,120 390 2498 66,359

6 Pale green vestment
(proplasmos) 381 5485 34,560 57,013 102,895 2403 4376 1390 12,133 2930 3021 56,776

7 Pale green vestment
(highlight) 235 8263 15,262 10,118 24,154 926 1152 33,083 743 3837 101,865

8 Blue sphere 423 5836 48,887 30,876 21,334 2084 1173 19,941 2208 3104 71,932 Co (5090)

9 Red vestment
(proplasmos) 248 5256 43,381 77,722 1073 13,045 1303 22,598 1592 3241 68,758

10 Red vestment (highlight) 241 8312 15,981 34,978 489 5246 819 39,019 636 3996 112,153
11 Red contour (halo) 297 4432 41,549 1236 373,942 361 1029 1160 3511 1973 2139 15,981
12 White contour (halo) 200 7653 88,072 10,274 349 1384 27,025 244 3138 86,708
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Table 2. Cont.

Archangel Michael
S/N Al Ba Ca Cr Cu Fe K Mn P S Si Sr Zn Other
1 Margin (red) 317 4092 148,153 156,791 433 1381 12,606 561 2393 31,614
2 Campus 399 7133 34,726 25,863 21,080 2184 1604 22,309 1983 3550 79,481
3 Halo 270 5354 161,850 139,635 59 1675 7271 322 2635 31,157
4 Red contour (halo) 282 4069 90,718 569 257,205 419 1678 5184 1428 2422 24,811
5 White contour (halo) 212 5282 84,897 31615 453 1089 27,712 248 2685 57,403
6 Flesh proplasmos 305 4668 35,350 1090 377,085 1395 2343 1430 4347 1249 2133 17,349
7 Flesh highlight 230 6439 65,802 534 125,977 644 937 25,476 274 2193 53,129

8 Pale green vestment
(proplasmos) 470 6008 46,647 57,746 104 96,225 2087 5475 1534 13,883 2891 3261 51,193

9 Pale green vestment
(highlight) 280 7804 61,231 19,381 55,556 925 1302 24,182 1117 3440 76,401

10 Pale red vestment
(proplasmos) 289 8608 14,527 224 225 104,535 1189 19,546 1280 21,643 1564 4040 91,530

11 Pale red vestment
(highlight) 234 10,701 53,506 128 37,146 694 7875 998 26,056 591 3847 96,057

12 Blue sphere 337 4896 58,924 26,785 19,822 2359 1707 19,956 1760 2872 62,860 Co (6268)

St Alexios
S/N Al Ba Ca Cr Cu Fe K Mn P S Si Sr Zn Other
1 Margin (red) 328 6194 98,147 50,689 1203 788 48,906 481 3691 110,205

2 Margin (white) 164 13,141 14,414 544 5328 766 327 17,451 321 3243 128,422
Au

(15,915)/
Pb (1881)

3 Campus 141 11,617 1785 256 5509 171 6541 3543 138,535 Au (8156)/
Pb (1879)

4 Lettering (“O”) 289 4007 108,141 342 59,596 664 773 56,453 465 3145 100,127
Au

(10,866)/
Pb (2161)

5 Green ground 455 10,292 22,296 152,735 43,009 1936 673 12,062 3098 5729 70,147
6 Black inscription 364 9445 20,327 126,198 85,966 2221 10,769 1324 5739 2363 4945 67,982
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Table 2. Cont.

St Alexios
S/N Al Ba Ca Cr Cu Fe K Mn P S Si Sr Zn Other

7 Flesh proplasmos 234 12,719 11,458 46,920 71,555 725 1250 11,680 695 3772 125,832 Cl (1069)/
Pb (569)

8 Flesh highlight 358 5814 10,337 19,150 257 124,384 1675 925 2841 194 3336 58,696
Ti

(245,810)/
Pb (1231)

9 Flesh contour 241 8863 38,003 31,287 149 94,986 1005 2622 1260 14,296 715 3461 99,386 Cl (1050)/
Pb (1109)

10 Flesh—reddish tone 257 12,251 16,900 32,282 320 139,735 816 1323 14,420 387 3602 85,669 Ti (72,350)/
Pb (992)

11 Garment (proplasmos) 369 6965 19,799 431 222,500 1876 2044 748 6413 2332 3122 69,920 Pb(625)
12 Garment contour 389 5752 26,300 788 477 211,505 2373 3153 511 3934 2571 3001 62,582 Pb(930)

13 Garment highlight 406 3174 14,370 266 130,642 1551 1347 879 2790 939 2420 36,123
Ti

(281,577)/
Pb (487)

14 Scroll—white 362 7691 3968 3663 1153 551 2008 213 3116 76,984 Ti (403756)

15 Scroll—blue 354 6110 11,432 3428 5629 2026 278 12,657 1177 2946 58,461
Ti

(219,553)/
Au (825)

16 Scroll—lettering 387 4046 9239 61,429 1847 11,392 640 1618 939 2658 44,202 Ti (352,990)
17 Ground 269 9651 10,026 5320 824 138 28,109 892 1644 74,954
18 Wood 223 20,567 4088 1976 164 1882 1462
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All the spectra revealed elements primarily associated with white pigments/compounds
and fillers, in particular calcium (Ca), zinc (Zn), and barium (Ba); indeed, these elements
show high-intensity peaks across the measurements, regardless of the color. The consis-
tent presence of these elements suggests that corresponding compounds were probably
used as base colors, highlights, or preparation materials [19,20]. Notably, due to the XRF
technique’s penetration depth, the results also reflect the composition of underlying layers;
therefore, identification of specific compounds is not an easy task. Based on the results and
comparison with similar studies, such as the examination of early 20th-century Theophilos
artworks [27], the analysis of 20th-century overpaintings on two late 16th century Greek
icons [40], and a recent p-XRF analysis of certain late 19th-century Vincent van Gogh
paintings [28], the detection of the elements Ca, Ba, and Zn can be associated with numer-
ous components like calcite (CaCO3) and/or gypsum (CaSO4·2H2O, compatible with the
strong presence of Ca peaks), along with zinc white (ZnO), barium sulfate (“permanent
white”–BaSO4), and lithopone (a mixture of ZnS and BaSO4), which are compatible with the
simultaneous detection of barium (Ba) and zinc (Zn) elemental peaks. It should be noted
that the artworks of Theophilos and Kontoglou provide relevant points of comparison, as
both artists lived during the same period and held mutual respect for each other’s work.

According to Kontoglou’s ‘Ekphrasis’, “τσίγκoς” (“tsigos”) was used as the main
component in ground preparation (gesso layer) [13]; since this term is still widely used
by Greek craftsmen to refer to lithopone, it seems likely that this compound was indeed
used to make the grounds of the icons in consideration. In fact, bare ground was only
spotted in the case of the St Alexios icon and in this instance the XRF analysis revealed the
presence of the elements Zn, Ba, and S, along with minor Ca (Table 2 and Figure 9). The
three first elements corroborate the assumption of lithopone employment, while Ca appears
to pertain to a minor component (probably calcite); in addition, Kontoglou asks for the
addition of a bit of “στóκoς” (“stokos”) in the lithopone [13] and it seems that the Ca of the
ground in the St Alexios icon pertains to this very compound. It is worth noting, however,
that in the framework of traditional post-Byzantine Greek iconography, the preparation
layers were almost exclusively made using natural calcium sulfate compounds (mainly
gypsum and anhydride) [41–44]. Interestingly, gypsum is also explicitly recomended as the
material for making ground by hieromonk Dionysios of Fourna, whose early 18th-century
painting manual “Hermeneia” [15] was extremely influential for the painters to come and
for Kontoglou too [14]. In this view, the choice (and recommendation) of Kontoglou to use
lithopone for making icons’ ground is a notable deviation from the “traditional” practices,
and this is a finding indeed worth underlining.

Although the presented data herein is merely qualitative, it is worth attempting to
further assess the nature and potential differences between the white components used
in the studied icons. To this aim, the peak intensities of the elements Ba and Zn from the
white-colored areas (namely highlights, white contour lines, and scroll backgrounds; see
Table 2) were plotted, and the corresponding graph is shown in Figure 10, left. Interestingly,
in most of the cases, there is a linear correlation between the Ba and Zn peak intensities,
thus indicating the use of specific components. Additionally, the data deriving from the
Prophets’ icons show a strong correlation, and they seem to more or less align with the
trend line of white-rendered areas in the Prophet David icon. Contrarily, the white areas
in the St Alexios icon show substantially deviating Zn vs. Ba ratios and the two white
areas in the Archangel icons seem to better fit with the trend line of these very points. On
this basis, it is inferred that Kontoglou used at least two distinct Ba- and Zn-containing
components, either lithopone or mixtures of zin oxide and barium sulfate, which were both
indeed widely used by 20th-century painters [29]. Here, it should be noted that deviations
from the major trend lines are expected since other (i.e., non-white) Ba- or/and Zn-bearing
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components may exist below the white-colored areas analyzed. Additionally, of interest is
the correlation between the intensities of the Ba and Sr elemental peaks (Figure 10-right)
since it has been recently shown that the ratio of the contents of these two elements can
potentially be used as a discriminating factor [45]. In most of the corresponding spots, a
linear correlation between these elements is documented, thus suggesting employment of a
single-origin barium sulfate component. Nevertheless, some samples like the majority of
the spots of analysis for the Prophet Zachariah icon and numerous spots in the St Alexios
icon show significant deviation (lower ratios), suggesting the employment of a different
component. It should be finally noted that minor Sr is detected even when the intensity
of Ba elemental peak is almost zero, and this finding clearly shows that other (minor) Sr
contributors exist, most probably calcium sulfate compounds [43,46].

Figure 9. XRF spectrum (15 kV–30 µA) from the Saint Alexios icon ground (logarithmic scale).

In the framework of the attempt to investigate white pigments, it should be
noted that the barium Lα1 transition almost coincides with the titanium Kα transition
(4.47 vs. 4.51 keV, respectively); therefore, titanium peaks are difficult to spot in paints
that contain barium too. In particular, since most of the analyzed spots show relatively
high Ba Lα transitions (Table 2), Ti peaks were securely identified only in the case of the
St. Alexios painting. Indeed, in the white tones of the St Alexios icon, XRF analysis re-
vealed significant titanium peaks, suggesting that titanium white (TiO2) may have been
the primary white pigment for particular iconographic elements like the flesh tones, the
garment highlights, and the scroll. By contrast, in the Prophet and Archangel icons, the
flesh highlights were rendered using a Ba- and Zn-rich paint, obviously either lithopone or
a ZnO and BaSO4 mixture, which were both commonly used by 20th-century painters [29].
(Figure 11). The documentation of the use of Ti white in only one out of the seven studied
paintings is a notable finding, in particular because in his painting manual (Ekphrasis),
Kontoglou clearly expresses his preference for this particular pigment by stating, “In my
opinion, based on my experience, the best and more stable white color is titanium” (“Kατά
την γνώµην την ιδικήν µoυ, απó την πείραν oπoύ έχω, τo καλύτερoν και στερώτερoν
άσπρoν χρώµα είναι τo τιτάνιo” [13]. One possible explanation for the scarce use of TiO2

white in these paintings might be the fact that, despite its rather early industrial production
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(1918; see [47]), TiO2 was not widely adopted by painters of that time, and its use started
becoming widespread well after the end of World War II [48].

 

Figure 10. (Left): Zn (Kα) versus Ba (Lα) elemental peak intensities (Table 2), white-colored areas;
trend lines correspond to Prophet David (light blue) and St Alexios (dark blue) data. (Right): Sr (Kα)
vs. Ba (Lα) elemental peak intensities, complete data set (all analyzed spots/icons). Abbreviations: D:
David; J: Jeremiah; I: Isaiah; Z: Zachariah; G: Archangel Gabriel; M: Archangel Michael; A: St Alexios.

Figure 11. White highlight on flesh parts, St Alexios (Ti-dominated, red spectrum), vs. spectra
from the same pictorial element from the other icons. Spectra were collected with a 15 kV–30 µA
spectrometer set up (logarithmic scale).

Apart from Ca, Zn, and Ba, most of the spectra show intense peaks of iron (Fe),
particularly those collected from areas with red-, brown-, and yellow-colored hues. The
predominance of iron and the absence of other elements that pertain to widespread red
pigments like Pb (lead oxide/minium) and Hg (mercury sulfide/vermilion) reveal that
Kontoglou used exclusively Fe-based pigments to render these hues. These pigments were
indeed very commonly used in the framework of icon painting, alongside cinnabar (HgS)
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and minium (red lead oxide) [27,49–51]. It is worth highlighting the absence of the latter
two pigments from the studied icons; in fact, upon completing his list of recommended
pigments (which contains HgS-“κιννάβαρι”), Kontoglou argues that a painter should limit
himself to the use of “. . .the eleven first pigments of the aforementioned list (i.e., excluding
cinnabar and lake red), since these are enough for a painter to use in his work without
compromising, as we did too. Because the excessive use of many colors is not proper
for our ecclesiastical painting, which is strict and delighted in humble colors” (“. . .εις τα
ια’ oπoύ πρoεγράψαµεν, διóτι είναι αρκετά να κάµη τινάς την εργασία τoυ, δίχως να

τoυ λείψη τίπoτε, óπως εκάµαµεν και ηµείς. ∆ιóτι η υπερβoλική πoικιλoχρωµία δεν
είναι καλή δια την εκκλησιαστικήν τέχνην µας, oπoύ είναι αυστηρά και ευφραίνεται
εις την σεµνoχρωµίαν” [13].

Nevertheless, the p-XRF analysis results suggest that Kontoglou used similar (in terms
of hue) but significantly different (in terms of composition) colors for rendering various
pictorial elements. A characteristic example is the red marginal lines, a standard pictorial
element encountered in almost all icons. Indeed, the relevant spectra show evidently that
the red paints used for the margins of the two Archangel icons are of almost identical
composition, as they both show high Fe and moderate Zn (Figure 12 left). Contrarily,
the four Prophet icons bear red marginal lines that contain notably lower amounts of Zn,
while the St Alexios icon margin stands out due to its rather low Fe content and the very
significant presence of Zn (Figure 11). This finding reveals that, even in a rather small period
of time (1954–1956), Kontoglou used a variety of paints to render given iconographical
elements, and this obviously hints towards the procurement of materials from various
sources.

 

Figure 12. (Left): Detail of the 15 kV/30µA XRF spectra from red marginal lines, from all the studied
icons. Spectra displayed on a linear scale. (Right): Zn (Kα) + Ba (Lα) peak intensities versus Fe (Kα)
peak intensities, flesh primary colors (∆) versus the corresponding data from flesh highlights (#)
(D: David, J: Jeremiah, I: Isaiah, Z: Zachariah, G: Gabriel, M: Michael, A: Alexios).

Additionally, the p-XRF analysis of the flesh tones returned very interesting results.
Prior to commenting on this data, it must be emphasized that Eastern Orthodox ecclesias-
tical painting is practiced under a rather strict technical framework, within which many
practical details are well defined. For instance, there are specific rules on how one should
paint body parts like faces, hands, and feet, and Kontoglou himself offers detailed, perti-
nent instructions, including recipes for making the corresponding colors, i.e., flesh primary
color/proplasmos-“πρoπλασµóς” and flesh highlights/sarkomata-“σαρκώµατα” [13]. In
a similar way, Dionysius of Fourna in his pioneering “Hermeneia” painting manual offers
recipes that dictate the type and quantity of pigments to be mixed in order to produce these
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particular colors [15]. In all these cases, the primary flesh color (proplasmos) is made by
mixing earth pigments (ochre, sienna, umber) with a bit of white (and occasionally black
or green too), while the highlights are rendered in mixtures of white, ochre, and red. In
the case of the icons discussed herein, it has been already demonstrated that the white
pigments were—in all but one instance (St Alexios icon)—Ba- and Zn-based; therefore,
potential variations in the compositions of flesh tones can be revealed by plotting the sum
of Zn plus Ba elemental peak intensities versus the Fe peak intensities. The pertinent graph
is shown in Figure 12 (right), and it readily reveals that the four Prophet icons show notable
compositional similarities as for their primary (triangles) and highlighting (circles) colors;
the latter deviate substantially from the colors used to render the same pictorial elements in
the case of the Archangel icons, since the Archangels’ flesh tones show enhanced contents
of Zn and Ba.

Notably, the St Alexios flesh tones show a very peculiar trend, since the dark primary
color (proplasmos) shows substantially higher Zn + Ba content in comparison to the—far
lighter in tone—highlights. These, at first sight, abnormal flesh color compositions emerge
due to the use of Ti-white exclusively in the case of the flesh highlight; the reserve use of
Ti-white only for highlighting suggests that this pigment was highly prized by Kontoglou—
something which is also evident by his writing (see above)—while restricted access to this
particular painting material might also have been another reason for its scarce use. In
addition, these findings are in line with the results of pertinent studies that highlight the
gradual diffusion of this pigment in the post-World War II painting material market [29,48].
In addition, the St Alexios proplasmos color is the only pictorial element that contains
detectable Cl, and this is an additional clue that differentiates this particular icon from the
others examined in the current study (Table 2).

The persistent mixing of the Fe-based pigments with white ones is readily observed in
the pertinent spectra too (Figure 13), since elemental peaks of Fe, Zn, and Ba coexist in all
cases. However, it is apparent that different Fe-based pigments were used for rendering
similar tones, as the manganese (Mn) elemental peak intensities show substantial devia-
tions between the pertinent spectra. A characteristic example is the various red/reddish
vestments. The corresponding spectra from the two Archangel and the Prophet Jeremiah
icons show substantial Mn peak, whilst minor Mn is also detected in St Alexios’ vestment;
contrarily, the corresponding spectra from the Prophets David, Zachariah, and Isaiah
show practically no Mn (Figure 13, left). As for the latter, it should be noted that other
Fe-dominated spots that show no Mn exist (Table 2). Nevertheless, when it comes to those
paints that contain both Fe and Mn, it is particularly interesting to assess the correlation
between Fe and Mn peak intensities. The pertinent graph is shown in Figure 13 (right)
and clearly shows that at least two different Mn-bearing Fe-based pigments have been
used in the painting of the icons in consideration: pigments that contain substantial
Mn (peak intensity > 5000 counts) and pigments with rather low Mn content (Mn peak
intensity < 5000 counts). Although the data presented herein are not quantitative, this
finding suggests that Kontoglou used both sienna-type (low Mn content) and umber-type
(elevated Mn content) pigments [50,52], which were both commonly used for rendering the
underlayer of faces or garments, as well as for contours [42,51].

Apart from red-colored areas, Fe peaks were also noted in XRF spectra collected
from different colors, likely due to mixtures of Fe-bearing earth pigments with other pig-
ments. In fact, red, yellow and brown earth pigments feature ubiquitously in Byzantine
and post-Byzantine religious paintings, and they have been identified in numerous rel-
evant portable and monumental works [51,53–59]). It is worth noting that six out of the
eleven essential pigments in Kontoglou’s list are Fe-based components, and it is also use-
ful to recall his recommendation about the need to “hold dear the simple and humble
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ones (pigments), and those that appear like faint due to oldness” [13]. In this respect,
elements like silicon (Si), aluminum (Al), and potassium (K) that are often detected in the
p-XRF spectra (Table 2) can be probably attributed to pertinent pigments that were indeed
predominant in Kontoglou’s palette.

Figure 13. (Left): Detail of XRF spectra from red-colored garments (50 kV spectra, logarithmic scale).
(Right): graph of the net elemental peak intensities of Mn (Kα) vs. Fe (Kα), 50 kV/30 µA (D: David,
J: Jeremiah, I: Isaiah, Z: Zachariah, G: Gabriel, M: Michael, A: Alexios).

Fe is the dominant element in the p-XRF spectra collected from the yellow-colored
areas of the Prophets’ and the Archangels’ icons (like, e.g., haloes; see Table 2), revealing
thus the use of yellow ochre for rendering these pictorial elements (Figure 14). Nevertheless,
it is obvious that the material used to render the halos of the Archangels’ icons deviated
substantially from that used in the Prophets icons, since in the former, elevated Zn and
Ba peaks are identified, along with the predominant Fe peaks (Figure 14, Table 2). To the
best of the authors’ knowledge, there is no natural Fe-based yellow pigment containing
inherent Zn and Ba; therefore, the detection of the latter elements in the Archangels’ yellow
halos can be safely attributed to the employment of lithopone or a ZnO plus BaSO4 mixture
(see above), and this is a notable deviation from the composition of the Prophets’ halos,
which contain only traces of Zn and no Ba (Figure 14). On the other hand, the halo and
campus (background) of the St. Alexios icon are covered with a gold leaf, and this is
the only case for verifying the employment of gilding in the studied icons. Gold leaves
were frequently used to embellish the halos and backgrounds, as well as other pictorial
elements, of icons produced in the framework of post-Byzantine religious painting; hence,
the fact that Kontoglou used this material only in the case of the St. Alexios icon is notable.
Interestingly, the spectrum collected from the St Alexios icon shows only minor Fe yet high
Ba and Zn peaks (which obviously relate to the ground’s composition), along with elevated
Pb (Table 2); these compositional characteristics reveal that the gold leaves were applied
using a mordant (linseed-oil-based poliment) rather than bole (Fe-based clayey poliment) a
finding in line with Kontoglou’s “Ekphrasis”, where only the mordant gilding technique is
described for the attachment of gold leaves on icons [13]. Green-colored pictorial elements
exist in all but one (prophet Isaiah) of the icons; the detection of elements such as K, Si, Ca,
and Fe may, at first sight, appear as an indication for green earth (celadonite or glauconite)
employment (Figure 15).
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Figure 14. XRF spectra from the haloes depicted on the studied icons. The demonstrated spectra
were collected with a 50 kV/30µA set up and are displayed in logarithmic scale.

 

Figure 15. (Left): XRF spectra from green-colored areas; spectra were collected with a 15 kV/30µA
set up and are displayed here in logarithmic scale. (Right): elemental peak intensities of Cr (Kα)
versus Fe (Kα), 15 kV/30µA (D: David, J: Jeremiah, Z: Zachariah, G: Gabriel, M: Michael, A: Alexios).

Nevertheless, chromium elemental peaks were detected in all the relevant spectra too;
therefore, employment of chromium oxide or hydrated chromium oxide green pigments is
inferred [52]. Based on the employment of Cr-green, the elevated Fe peaks may, at first sight,
seem irrelevant. Nevertheless, the Fe Kα peak intensity shows—in most of the cases—a
linear correlation with the Cr Kα peak intensity (Figure 16, and this finding suggests that
a Fe component was intermixed with the Cr pigment; since mixtures of viridian green
with Prussian blue were commonly used in the framework of 20th-century European
painting [31], it seems possible that a similar mixture was employed by Kontoglou too.
However, the Cr vs. Fe peak intensity graph reveals the existence of two outliers: the
Prophet David’s green precious stone and the St Alexios’ green ground (Figure 16). The
former shows substantially more iron in comparison to the other green colors, which is,
however, obviously due to the application of the green color over the yellow stole, which
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is rendered in a Fe-base ochre. Contrarily, the green color of the St. Alexios icons indeed
stands out as it contains far more chromium in comparison to the green tones of the other
icons; additionally, the corresponding spectrum shows titanium, an element not detected
in the other pertinent colors (Figure 16).

 

Figure 16. XRF spectra from the blue-colored areas of the studied icons: pale-blue campuses (brown
spectra), dark-blue vestments (blue spectra), and blue spheres (green spectra). All spectra were
collected with a 15 kV/30µA set up and are here displayed in logarithmic scale.

Blue tones were used to render some of the figures’ vestments, the spheres held by
the Archangels, and the campuses (i.e., backgrounds) of the icons (with the sole exception
being the St. Alexios icon, where the background is gilded). p-XRF analyses revealed
interesting compositional trends in the corresponding spots and employment of radically
different pigment mixtures between the different pictorial elements. In detail, all spectra
collected from blue campuses show intense Cr elemental peaks, which are accompanied by
enhanced Zn and Ba elemental peaks (Figure 17). Contrarily, the XRF spectra from the dark
blue-colored vestments show no chromium, and less zinc, along with notably more intense
Ca peaks; these findings reveal that the color used for rendering blue vestments is radically
different from that used for the blue campuses (Figure 17). The detection of chromium
in blue-colored areas may, at first sight, appear irrelevant, as this element is primarily
associated with green and yellow pigments such as chrome oxide and lead chromate,
respectively. Nevertheless, since the corresponding p-XRF spectra show enhanced Fe
elemental peaks, employment of Prussian blue may be inferred; in addition, the spectra
show no presence of chemical elements typically associated with other common blue
pigments like, e.g., copper (Cu-based blues like azurite and phthalocyanine) and cobalt (Co-
blue). In this view, it appears that Kontoglou used either Prussian blue, indigo, or artificial
ultramarine to render the campuses and vestments blue, yet for the secure identification of
the exact blue compound, additional analysis is certainly needed. As for the detection of
Cr in the spectra collected from the campuses, the identification of this particular element
indicates chromium oxides too, and it is true that examples of 20th-century paintings exist,
where the use of mixtures of blue pigments with viridian green has been attested [31].
Finally, Co was detected in the blue spheres held by both Archangels (Figure 17); the
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detection of this particular element clearly shows employment of Co-blue, a vivid blue
pigment that was widely used by painters in the 20th century [60,61].

Figure 17. XRF spectra from the black lettering on the scrolls held by St Alexios and the Prophets
David, Jeremiah, and Isaiah; 15 kV/30 µA spectra, logarithmic scale. Chlorine-containing areas.

Finally, of particular interest are the results of the analysis of the dark/black lettering
on the scrolls held by the Prophets David, Jeremiah, and Isaiah, as well as by St Alexios
(Figure 17 and Table 2). In case of the lettering of Prophet David’s and St Alexios’ scrolls, the
spectra show enhanced Fe elemental peaks, along with notably high Mn peaks (Figure 17);
these characteristics clearly suggest that an umber-type pigment has been used in these
cases. Contrarily, the rather low (in comparison to the former spectra) intensities of Fe
peaks documented in the spectra from the Prophet Jeremiah and Isaiah’s scrolls allow for
the exclusion of the employment of a Mars black pigment (artificial Fe3O4) [50]; hence, use
of a C-based black component is assumed [62].

4. Discussion
Despite the fact that the employed methodology did not allow for the identification

of the painting materials used by Kontoglou, the rigorous processing and assessment
of the p-XRF data lead to certain important findings. First of all, the analytical data
presented herein clearly show that Kontoglou used different materials to paint the icons
in consideration. On the one hand, the St. Alexios icon stands out, as it is the only one
that bears gilded decorations (the halo and background); interestingly, the corresponding
XRF spectrum (Figure 15, Table 2) shows only minor copper and no silver elemental
peaks, thus suggesting employment of high-purity gold leaves [63]. Additionally, the
same icon is the only one to bear titanium white as the primary white pigment used for
rendering flesh tones, as suggested by the corresponding p-XRF data (Table 2), while Cr
is detected in the flesh tones of this icon, thus suggesting the use of viridian green—a
notable differentiation from the compositions containing the same pictorial elements of
the other icons. The fact that Ti-white was used in only one out of the seven icons (and in
this case scarcely) is considered evidence of the rather slow introduction of Ti-white in the
Greek painting material market and the persistent use of competitor colors. In fact, results
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of other pertinent studies conducted on contemporary Greek paintings corroborate this
assumption [24]. On the other hand, the four Prophet icons show notable differences—in
terms of painting materials—from the two Archangel icons. A characteristic example is
the color used to paint the flesh underpaint and highlights: the two Archangel icons show
considerably higher Zn and Ba elemental peak intensities in comparison to the Prophets’
flesh underpaints and highlights (Table 2, Figure 12 left). Similarly, notable differences as
regards Zn content are documented in the colors used to paint yellow haloes (Figure 15)
and the red marginal lines (Figure 12 left). The presence of enhanced Zn in many of the
colors used to paint the Archangels icons is regarded as a rather important finding; the
reader is reminded that all these icons were painted in the same year [1954]; hence, the
employment of different materials may suggest that the Archangel icons were painted in a
different period from the Prophet icons.

Notable differentiations are also observed in the composition of the paints used to
render the lettering on the scrolls, as well as between other pictorial elements of the icons.
The reader is urged to evaluate these findings on the basis of the strict technical background
of Kontoglou’s paintings. It is emphasized that within the framework of Eastern Orthodox
Christian painting, there are rules and dictations (on both a painting material and style
basis) that must be followed by painters in order for their works to be considered proper.
In addition, this is evident from the content of Kontoglou’s “Ekphrasis” painting manual,
which was indeed a detailed and handy guide for painters.

In this view, it is indeed notable that at least three trends—in terms of painting material
use—were documented within the rather small corpus of Kontoglou paintings that were
studied in the framework of the current work. To the authors’ view, this fact most probably
reflects the procurement of pigments/paints from different suppliers and/or procurement
of commercial pigments that were erroneously labeled/adulterated. Moreover, the fact that
Kontoglou was not consistent in using standard materials is reflected even in less important
details of his paintings like the lettering of the scrolls, and this might be considered an
indication of his devotion to his primary target, which was certainly to paint in line (in
terms of style and content) with the tradition. At this point, however, this statement is
merely an assumption, and analysis of additional Kontoglou’s works is certainly needed in
order to assess its validity.

It has been already argued that the employed methodology suffers from certain lim-
itations like, e.g., the inability to identify specific compounds and the X-ray penetration
depth, which did not allow for the analysis of single paint layers. Nevertheless, despite
its limitations, the current study sets the foundations for future pertinent studies, and the
results obtained allowed for proper planning. Indeed, since in many cases the employed
methodology does not lead to conclusive results, it is imperative to employ additional ana-
lytical tools. In particular, it is considered essential to employ a molecular characterization
technique like Raman, which is complementary to XRF and could allow for the identifica-
tion of specific compounds. Additionally, technical photography and in particular infrared
reflectography (IRR), along with false-color IRR, will contribute considerably towards as-
sessing both the nature of the employed pigments and the technical details of the paintings
(e.g., employment of preliminary drawings, brushstrokes, etc.). These considerations have
already formed the basis of the planning of future expeditions to Lakonia, aiming at a more
thorough and in-depth investigation of existing portable Kontoglou paintings.

5. Conclusions
The significance of the present preliminary study lies primarily in the fact that it

represents the first attempt to examine the materials of selected Kontoglou icons. As
such, it is of great importance, as it serves as the foundational step towards an in-depth
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examination of the materials and techniques employed by Kontoglou in his paintings. The
analytical data documented herein, do allow for an assessment of the materials used for
painting the icons in consideration, although in most of the cases they cannot lead to sound
identifications of given components. The absence of varnish in the majority of these icons
is an interesting finding, as the application of relevant protective layers only on gilded
areas of the paintings is explicitly dictated in the painting manual compiled by Kontoglou
himself [13]. The analytical data revealed that all seven icons were painted using modern,
commercially available colors, as substances containing elements like zinc, barium, andor
Cr were consistently detected in the majority of the analyzed paint layers. However, data
revealed very scarce use of Ti-white, which probably reflects the limited distribution of
this pigment in the Greek market of those times, a finding in line with the results of recent
pertinent studies conducted on European paintings.

Variations in the identified materials suggest possible differences in palette choices,
which may in turn reflect different moments of production—even among the six icons
dated to 1954 (Prophets and Archangels). While this observation points toward potential
chronological distinctions, additional contextual and comparative evidence would be
necessary to confirm this interpretation. Additionally, this finding clearly suggests that
Kontoglou used materials of different origin, and further study as for his sources is certainly
needed. It is worth noting that Emeritus Professor Nikos Zias characterizes the period
between 1950 and 1960 as “the years of great ecclesiastical painting production” [7], when
Kontoglou refined his methods and focused on the restoration of Orthodox iconography
while maximizing his output. The current study is consistent with this characterization
and suggests that Kontoglou did not rely on a fixed set of pigments; rather, he appears to
have used a variety of painting materials, presumably originating from various sources.
Ultimately, the findings of the current study shed light on the methodological aspects of
the pertinent research field and contributed considerably towards establishing a detailed
protocol for future studies. In fact, it is imperative that future research shed more light on
the materials and techniques employed by Kontoglou, so as to allow for sound conservation
strategy planning. To this end, the employment of additional analytical techniques such as
µ-Raman, FTIR, and IRR will certainly contribute considerably.

Supplementary Materials: The following supporting information can be downloaded at
https://www.mdpi.com/article/10.3390/heritage8120528/s1. Figure S1: The studied icons and the
corresponding points of XRF analyses (numbered).
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