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Abstract
The Filanthropinon monastery church is regarded the birthplace of the BEpirus/NW Greece School^ of painting as it bears the
oldest wall paintings of this very school. Surviving inscriptions bear no painter name(s), yet they testify that the murals were
executed in three phases between 1531/2 and 1560. The bulk of the technical and typological characteristics of the latter paintings
are typical of post-Byzantine religious art, while OM, SEM-EDX, and micro-Raman probing reveals the existence of a number of
idiomorphic characteristics that might be viewed as part of the microscopic fingerprint of the BEpirus school.^ A microscopic
fingerprint of the school is important because current attributions of relevant works to specific painters are mostly stylistic ones,
as pertinent signatures are rare. The latter characteristics include the application of a Bcharcoal plus blue smalt^ substrate in the
paintings’ background and the employment of a possibly local (: Epirus), unusual ochre pigment. Sophisticated segregation of
pigment grains, employment of glauconite, and the extensive use of San Giovanni white were also documented. Analytical data
support the following scheme as regards artistic identities: the 1531/2 nave paintings were executed by a single painter, possibly
assisted by a pupil who also contributed to the 1542 paintings. The paintings of the 1542 and 1560 phases are apparently the
outcome of another—yet related to the nave painter—workshop; there are clues which indicate employment of Georgios and
Frangos Kontaris in both of these commissions. Finally, remnants of four different overpaintings were also revealed: pertinent
pigments indicate successive interventions during an extended period of time, which reflect the will of Filanthropinon votaries to
retain the murals vivid.
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Introduction

During the Byzantine period (330–1453 AD), Orthodox
Christian churches were routinely embellished by wall paint-
ings or/and mosaics. Constantinople was the unambiguous art
center of that period, as artistic innovation was triggered off,
formed, and embraced therein (Acheimastou-Potamianou
1994), and the Fall of Constantinople to Ottoman Turks

(1453) corresponds to the end of the Byzantine period.
Nonetheless, painting flourished during the Bpost-
Byzantine^ period as well, because the inhabitants of former
Byzantine territories mostly retained their Orthodox faith de-
spite the Ottoman conquest. Besides, Ottomans accepted and
made use of the Orthodox Church administration system, and,
thus, during this period, new churches were built and painted
(Chatzidakis 1987).

Short before the BFall,^ many Constantinople craftsmen
were moving to Crete—a Venetian-ruled island of the
Aegean Archipelago—and this migration led to a boost of
the local painting. Soon, Crete became the major painting
center of the Greek territories and remained so up until the
late seventeenth century (op. cit.). Cretan painting of this pe-
riod exhibits several idiomorphic characteristics that allow for
its designation as the BCretan School of painting^ (op. cit.).
Moreover, Cretan icons were distributed to mainland Greece
and elsewhere, while local painters were commissioned to
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paint churches in places outside Crete too; thus, the Cretan
idiom was very widely spread (op. cit.).

More or less simultaneously, a new, substantially deviating
(and with different stylistic routes) trend was developed in the
Ottoman-ruled mainland Greece (Acheimastou-Potamianou
1995; Georgitsoyanni 1999). Commonly named BEpirus/
Northwest Greece School,^ this idiom bears all the character-
istics of a distinct painting trend (iconographic repertoire, dis-
tinct palette, impact on oncoming artists etc.), and it initially
flourished in the area of Ioannina (Epirus, NW Greece). The
first pertinent paintings are found in the katholikon (: main
church) of the Filanthropinon monastery which is located on
the islet of the Ioannina (BPamvotis^) lake (Acheimastou-
Potamianou 1995). An inscription testifies that the church re-
ceived a renovation on 1291/92. Yet, the oldest wall paintings
that survive today are those covering the lower parts of the
main church (nave1) walls, which are dated to 1531/32 and
mark the beginning of the BEpirus school^ of painting (op.
cit.) (Fig. 1a). A few years later (1542), the wooden roof of
the nave was replaced by a taller, built one, while simulta-
neously the new upper part of the nave and the inner narthex
walls (Blitē,^ from now on Bnarthex^) were painted (Fig. 1b);
the three exonarthexes were the last to receive paintings in
1560 (Acheimastou-Potamianou 1995, 1999) (Fig. 1c).
Unfortunately, the Filanthropinon inscriptions bear no painter
names; nonetheless, taking into account stylistic and icono-
graphic features along with the characteristics of other signed
paintings, scholars suggest the following: (i) the first phase
(lower part of nave walls, 1531/32) may not be attributed to a
specific artist; (ii) the legendary painter Frangos Katelanos
may have worked in the second phase (nave upper
part/narthex, 1542), possibly assisted by the brothers Frangos
and Georgios Kontaris (reportedly pupils of Katelanos); (iii)
the third and final phase (1560, exonarthexes) is regarded a
work of the Kontaris brothers (Acheimastou-Potamianou
1995, 1999; Deligianni-Dori 1999; Koilakou 2001).

In the absence of written evidence, the visual/stylistic study
needs to be supplemented by an archaeometric investigation
of the works. Such an investigation would reveal possible
differences in technical and material level among the various
Filanthropinon painting phases, which are unperceivable by
the naked eye.2 Indeed, analytical studies of Greek wall

paintings have revealed the materials and techniques
employed in their manufacture (e.g., Zorba et al. 2006;
Pavlidou et al. 2006; Daniilia et al. 2007; Bianchin et al.
2008; Iordanidis et al. 2014). Moreover, such investigations
have occasionally traced evidence for a Bmaterials evolution^
taking place side by side with the perceivable stylistic devel-
opments, while in some instances, they revealed idiomorphic
characteristics—in terms of materials and techniques—in the
works of specific artists (Pavlidou et al. 2006; Civici et al.
2008; Daniilia et al. 2008a, b; Katsibiri and Howe 2010). In
order to fully estimate the contribution of analytical investiga-
tion in understanding the technical aspects of post-Byzantine
painting, one shall bear in mind the scarcity of pertinent paint-
ing manuals. Indeed, up to today, the one and only published
Greek text that includes a systematic description of the mate-
rials and techniques of wall painting is the ca. 1730 Dionysius
of Fourna BHermeneia of the art of painting^ (Dionysius
1996, 1997).

In this framework, microsamples collected from the three
Filanthropinon painting phases were subjected to analytical
investigation through OM, SEM-EDX, micro-Raman, XRD,
and FTIR; for comparison purposes, samples from an earlier
(Byzantine?), semi-destroyed depiction—which was revealed
upon removing a superficial painting layer during conserva-
tion, Fig. 1d (Acheimastou-Potamianou 1995)—were also ex-
amined. Analytical data are evaluated in the framework of
pertinent published studies; in addition, they are predestined
to serve as a base for the authors’ ongoing investigation of
several other wall paintings assigned to the Epirus school. In
view of the range and volume of collected data, the material is
presented in two parts: the pertinent to Filanthropinon pig-
ments analytical results are presented and discussed in part I,
while in the second part (to be submitted), the mortars, gild-
ings, and painting technique(s) are considered.

Methodology

Initially, paintings were thoroughly examined in order to prop-
erly select spots appropriate for sampling. Subsequently, min-
ute size samples were collected exclusively from damaged
areas, taking into account the following: (a) each sample
should comprise of the complete painting stratigraphy [includ-
ing both or part of the plaster layers (surface and
base/Barriccio^ and Bintonaco^ respectively) and all the subse-
quent paint layers], (b) in order to strengthen the comparative
character of the study, samples from the same iconographical
elements were preferentially picked up (e.g., from back-
grounds/Bcampus,^ red vestments, red bordering lines etc.),
and (c) areas that correspond to post-sixteenth century
additions/interventions were distinguished and not sampled.
In total, 45 samples were collected and examined: 42 come
from the three main painting phases and three from the

1 From now on, the word Bnave^ will be exclusively used as a term relevant to
the analyzed, lower-part paintings (1531/2 painting phase). No material from
the later (1542), upper part of the nave paintings is included in the study;
instead, the present authors have studied several samples from the inner nar-
thex decorations that also belong to the 1542 painting phase (see the
BMethodology^ section).
2 In the early 1990s samples from the Filanthropinon wall paintings were
analyzed by P. Behlis and E. Photou-Jones. Yet up today only a short pertinent
paper has been published, where the analytical data accumulated through the
analysis of only two Filanthropinon samples are presented; this paper contains
data pertinent to a few samples collected from other relevant monuments too
(Behlis and Photos-Jones 1999).
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remnants of the earlier (Byzantine?) depiction (Table 1).
Samples were thoroughly examined and photographed under
a binocular stereoscope and subsequently embedded into poly-
ester resin. Upon grinding and polishing, samples’ cross sec-
tions were examined and pictured under a polarizing optical
microscope (Leica, DMRXP) at magnifications up to × 200.
Afterwards, samples were carbon-coated by a sputtering device
(Balzers, CED-030) for conductivity purposes and thoroughly
examined under a scanning electron microscope coupled with
an energy-dispersive X-ray analyzer (SEM-EDX, FEI, Quanta-
Inspect D-8334). For the estimation of the pigments’ compo-
sitions, EDX spectra from at least four individual pigment
grains were collected. Spectra were processed by using the
SEM’s built-in BGenesis-Spectrum^ software (EDAX
Company) following a standard-less quantification method
which incorporates ZAF matrix corrections (Heinrich 1991).
In addition, the morphological characteristics of the samples
were recorded by using the SEM’s backscattered electron
(BSE) detector which permits visual differentiation of the var-
ious phases on the basis of their atomic number contrast
(Goodhew and Humphreys 1988). On the basis of the cross-
section analysis data, the surfaces of selected samples were
subsequently subjected to SEM-EDX analysis as well.
Finally, upon conductive carbon coating removal, sample
cross-sections were further studied through micro-Raman
spectroscopy (inVia microscope, Renishaw). In particular,
sampleswere irradiatedwith a 514-nm laser and corresponding

spectra were collected through a × 100 objective lens, with
repeated acquisitions (2–6) of varying durations (10–40 s).
Spectra were recorded in frequencies that ranged among
100–1800 cm−1, while for each different type of pigment/
phase, several individual grains were analyzed.

Results and discussion

The number of pigments employed in the Filanthropinon wall
paintings was initially estimated on the basis of OM observa-
tions conducted on the samples’ cross-sections. Subsequently,
several individual pigment grains were examined under the
SEM-EDX in order to fully assess their morphological fea-
tures and elemental compositions, while decisive identifica-
tion was achieved through micro-Raman spectroscopy. This
methodological approach revealed the presence of white,
black, red/deep red, yellow(/brown), green, and blue pig-
ments, which in several instances have been intermixed in
order to achieve specific hues. The pertinent data are summa-
rized in Table 2 and discussed in detail below, while indicative
Raman spectra are shown in Figs. 6 and 7.

Black and white

The one black pigment found in the examined paintings is
charcoal that was manufactured via carbonization of plant

Fig. 1 a Warrior Saints, first (1531/2) painting phase, nave. b The
Baptism, narthex; second phase (1542). c Three Old Testament
Patriarchs; north exonarthex, third phase (1560). d Semi-destroyed

depiction on the south exonarthex lintel; earlier phase (Byzantine?). e
The Dormition of the Virgin, narthex
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Table 1 Sampling spots and
corresponding serial numbers s/n Main church/nave

Fm1 Deep red/brown ground, St Petros, west wall

Fm2 Red bordering line, St Petros, west wall

Fm3 Pale brown garter, St Georgios, north wall

Fm4 Greenish ground, St Petros, west wall

Fm5 Deep red garter, St Prokopios, south wall

Fm6 Intense red vestment, St Heleni, west wall

Fm7 Deep red/purplish vestment, St Nikitas, south wall

Fm8 Gilded halo, St Artemios, south wall

Fm9(a-b) Dark campus, St Pavlos, west wall

Fm10 Gilded relief medal, St Theodoros Tiron, north wall

Fm11 Yellow-brown epimanikion (maniple), St Kyrillos, apse, east wall

Fm12 Red bordering line, north wall-iconostasis joint

Fm13 Base plaster (Barriccio^), St Merkurios, north wall

Fm14 Dark campus, St Gregorios, apse, east wall

s/n Inner narthex (BLiti^/Bnarthex^)

Fin1 Dark campus, The Baptism, east wall

Fin2 Red bordering line, St Provos, south wall

Fin3 Greenish ground, >>

Fin4 Deep red/brown ground, >>

Fin5 Intense red vestment, St Panteleimon, west wall

Fin6 Yellow-orange vestment, St Longinos, north wall

Fin7 Purplish vestment, The Baptism, east wall

Fin8 Yellow hallo, >>

Fin9 Yellow band, decorative podea (apron), St Provos, south wall

Fin10 Black band, >>

Fin11 Masonry mortar, >>

Fin12 Base plaster, >>

Fin13 Gilded vestment, Jesus, The Dormition of the Virgin, east wall

Fin14 Greenish ground, >>

Fin15 Red bordering line, >>

s/n North Exonarthex

Fen1 Red bordering line, St Theofanis, south wall

Fen2 Greenish ground, >>

Fen3 Dark red/brown ground, >>

Fen4 Intense red vestment, St Simeon, south wall

Fen5 Yellow hallo, St Kiprianos, north wall

Fen6 Purplish vestment, St Markos, north wall

Fen7 Black band, decorative podea (apron), window, north wall

Fen8 Surface plaster (Bintonaco^), St Prokopios, south wall

Fen9 Base plaster, >>

Fen10 Masonry mortar, >>

Fen11 Dark campus, St Simeon the stylite, south wall, east face of a pessary

Fen12 Intense green, decorative podea, window, north wall

Fen13 Dark campus, St Flavianos, south wall

s/n South Exonarthex/Hyperthyron (lintel)

Fes1 Dark campus, hyperthyron (lintel), north wall

Fes2 Traces of red, >>

Fes3 Base plaster, >>
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Table 2 Summary of the pigment-analysis EDX results, expressed as wt% elements (normalized to 100%)

Red/deep red pigments

Nave

Na Mg Al Si S Cl K Ca Ti Mn Fe Other

Fm1,2,5,7a 0.5 1.9 3.1 7.8 1.0 0.7 1.3 13.4 0.3 1.6 64.0 P/Cu/Pb (1.4/tr/2.9)

Fm2 0.3 0.7 26.0 34.3 0.4 0.6 1.0 11.6 3.6 0.2 20.7 P (0.6)

Fm7b 0.3 0.7 0.7 1.4 0.1 0.2 9.1 86.6 P/Pb (0.1/0.8)

Fm6,12 16.7 1.6 Hg (83.3)

Narthex

Na Mg Al Si S Cl K Ca Ti Mn Fe Other

Fin2,5,12,15 16.4 0.5 Hg (83.1)

Fin4,7 0.7 1.4 5.4 11.1 0.3 1.0 1.4 7.7 0.3 1.3 68.9 P/Pb (0.2/0.4)

Fin4,7,14 1.3 1.5 3.6 0.7 0.3 0.4 10.2 2.0 79.1 P/Cu/Pb (0.2/0.3/0.5)

North exonarthex

Na Mg Al Si S Cl K Ca Ti Mn Fe Other

Fen1,4 16.6 Hg (83.5)

Fen2,3,6a 0.2 1.2 1.7 17.8 0.5 0.3 0.5 6.9 tr 1.7 69.0 P/Cu (0.1/tr)

Fen6b 0.8 0.4 5.4 7.5 85.5 P (0.4)

South Exonarthex

Fes2 0.5 2.5 14.3 0.5 0.2 0.7 16.0 0.8 64.0 P (0.5)

Yellow/yellow-brown

Nave

Na Mg Al Si S Cl K Ca Ti Mn Fe Other

Fm3,4 0.2 2.1 3.6 8.7 0.4 0.5 1.4 21.4 0.5 1.6 58.7 P (0.9)

Fm11 1.2 2.4 3.5 13.1 1.9 1.6 8.2 0.2 2.5 64.8 P (0.6)

Narthex

Na Mg Al Si S Cl K Ca Ti Mn Fe Other

Fin3,6,8,14 0.5 2.0 3.0 6.8 1.2 0.8 1.0 18.3 0.5 0.4 63.6 P/Pb (1.1/1.0)

North exonarthex

Na Mg Al Si S Cl K Ca Ti Mn Fe Other

Fen2,5 0.5 1.7 1.9 18.5 0.3 0.6 0.6 19.4 0.3 tr 55.8 P (0.6)

Fen5 1.2 0.8 7.0 0.5 2.3 tr 87.6 P (0.6)

Green

Nave

Fm4 Yellow ochre + carbon black

Narthex

Na Mg Al Si S Cl K Ca Ti Fe Cu Other

Fin3 0.3 2.7 9.0 49.2 0.3 0.6 10.9 7.2 0.4 19.0 0.3

Fin14 5.1 0.9 1.8 0.1 0.8 0.3 6.0 0.7 77.2 Zn/As (4.0/3.0)

North exonarthex

Fen2,12 0.1 4.3 7.7 47.5 2.1 1.6 7.3 12.3 0.2 16.8

Blue

Nave

Na Mg Al Si S Cl K Ca Co Fe Cu Other/Comment

Fm7 0.2 0.2 0.6 1.4 0.6 94.3 P/Zn/Pb (0.1/0.9/1.6)

Fm9a 9.5 3.1 1.5 54.5 0.6 1.9 5.8 19.2 0.2 1.4 0.1 P/Mn/Pb (0.1/2/0.2)

Fm9a 2.2 2.1 0.1 0.3 3.9 0.9 88.8 P/Pb (0.1/1.5)

Fm9b 1.4 11.2 26.6 2.1 5.2 14.3 9.3 1.9 P/Ti/Pb (1.5/1.7/24.9)

Fm14 8.7 0.2 13.6 21.0 21.2 0.4 4.2 19.9 1.1 Pb (9.9)

Narthex

Fin1a 10.0 3.0 1.2 55.7 1.2 2.2 4.1 17.8 0.3 2.0 1.4 Mn (1.0)
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materials. Indeed, the micro-Raman analysis of several black
grains revealed the characteristic D and G shifts of charcoal (~
1350 and ~ 1600 cm−1 respectively, see, e.g., Coccato et al.
2015) (Fig. 6a). In the majority of the pertinent samples, par-
ticles with dimensions well below 20 μmwere seen, implying
a rather intense grinding step prior to application. Yet in a few
instances, grains of enhanced dimensions do exist, which
quite often retain the characteristic plant tissue structure of
the parent material (Fig. 2a). On the other hand, no phospho-
rous was detected through EDX analysis and, hence, the pos-
sibility of ivory/bone black employment is excluded. It is
worth noting that similar plant-derived carbon black pigments
have been found in many other Byzantine and post-Byzantine

wall paintings (Zorba et al. 2006; Daniilia et al. 2007; Hein
et al. 2009).

White highlights (Figs. 2b and 4b) were found to consist of
calcium carbonate as in the pertinent Raman spectra the typ-
ical calcite major shift at ~ 1087 cm−1 was observed (Bell et al.
1997) (Fig. 6b). The latter layers of paint appear rather homo-
geneous; hence, it is assumed that they had been originally
applied by brush in the form of lime putty (Ca(OH)2 finely
dispersed in water) and were subsequently gradually carbon-
ized through reaction with atmospheric carbon dioxide. Apart
from the white highlights, in several instances, well-defined,
calcium-dominated (: EDX) grains of rather enhanced dimen-
sions were spotted dispersed into layers of various colors.

Table 2 (continued)

Red/deep red pigments

Fin1b Charcoal micro-Raman identification/Fig. 6a

North exonarthex

Fen11/13 10.7 3.0 1.3 49.6 0.8 1.5 3.5 26.3 0.2 1.0 P/Mn/Pb (0.2/1.6/0.4)

South Exonarthex

Fes1 Charcoal micro-Raman identification

In Table 2, only the EDX data that are relevant to pigments are presented; gilding and mortar elemental compositions are given in Part II. Few samples
were examined through OM, SEM, and/or micro-Raman but not via EDX and hence they do not appear in Table 2 (e.g., sample Fen7)

Fig. 2 a Carbon black layer; arrow indicates grain with anatomic
characteristics of the parent plant. Sample Fm9a, BSE, × 2000. b
Calcium carbonate highlight (Fin7, BSE, × 500); a pertinent OM
picture is inserted (× 200). c CaCO3 grain in a HgS paint layer; HgS
grains range among 0.5–10 μm (Fen1, BSE, × 1000); inserted picture:
OM, × 200. Perpendicular lines denote a superficial efflorescence layer,
commonly seen in many samples (gypsum, characteristic Raman shift at

~ 1010 cm−1/Fig. 6c). d Three distinct iron-ochre pigments. Background
picture: moderate-iron (lower layer) and high-iron grains (upper layer),
Fm7, × 8000. Inserted picture: low-iron red, Fm2, × 6000. Horizontal
lines = 10 μm. e Two overlapping layers of red ochre; the lower contains
coarse grains and appears darker than the upper (Fen6, × 2000, inserted
picture OM × 200) f Double-phase ochre grains; background: sample
Fin7, × 7000; inserted: Fen3, × 10,000

2826 Archaeol Anthropol Sci (2019) 11:2821–2836



These grains were identified as calcium carbonate as well (:
micro-Raman) and appear with rather angular contours and
occasionally with smoother ones; hence, it is suggested that
they have been formed through grinding of a calcitic raw
material (Fig. 2c).

Lime was indeed the only white pigment to be used by
Byzantine and post-Byzantine wall painters, not only in the
Greek lands but in adjacent areas as well (Pavlidou et al. 2006;
Daniilia et al. 2007, 2008a, b; Sakellariou et al. 2010;
Holclajtner-Antunović et al. 2016; Marič-Stojanovič et al.
2018). Yet, to the authors’ best knowledge, this is the very
first time that the presence of the grinded calcite grains in
non-white/highlighting paint layers is noted. Besides, it is well
known that both Cennino Cennini and Dionysius of Fourna
describe the preparation of an artificial, calcium carbonate
white pigment that was to be exclusively used in wall painting
(Dionysius 1997; Broecke 2015). On this basis, the white
calcite particles that are seen in the Filanthropinon paint layers
shall be identified as an artificial calcium carbonate white,
equivalent to the Bbianco San Giovanni^ of Cennini.

Finally, it shall be noted than in several instances, superfi-
cial, whitish, and semi-transparent Ca–S-containing (: EDX)
layers were spotted (Fig. 2c). Uponmicro-Raman analysis, the
latter layers were found to be gypsum (major shift at ~
1009 cm−1, Fig. 6c) (Bell et al. 1997), and it is hence assumed
that they correspond to decay products. Besides, gypsum is
the most common degradation product spotted on wall paint-
ings (see, e.g., Daniilia et al. 2008b; Holclajtner-Antunović
et al. 2016).

Red/deep red

Two types of red pigments have been identified in the
Filanthropinon wall painting samples, namely, cinnabar and
natural iron ochre(s). Cinnabar/vermilion grains are readily dis-
cernible due to their bright appearance upon backscattered elec-
tron (BSE) observation (Fig. 2c) and distinct elemental profile
(major elements detected: Hg and S, Table 2), as well as through
the characteristic Raman shifts at 253 and 345 cm−1 (Fig. 6d)
(Bell et al. 1997; Burgio and Clark 2001). This pigment was
identified in several samples from all three Filanthropinon
painting phases, namely in samples Fm6/12, Fin2/5/12/15,
and Fen1/4. Natural mineral cinnabar has been used since an-
tiquity, while its synthetic equivalent is manufactured since the
first millennium AD (Gettens et al. 1993). The latter gained
wide popularity only after the thirteenth century, and it is be-
lieved that it very soon replaced completely the costly natural
product. The scarcity of pure forms of the mineral and the wide
distribution of artificial cinnabar (vermilion) during the period
in consideration (sixteenth century AD) strongly suggest that
the Filanthropinon pigment is of artificial rather than mineral
origin. Besides, one may also note the fractured-appearance of
the grains (which is regarded a characteristic of artificial HgS

produced by the dry method, see Gettens et al. 1993) and the
absence of—the typical for natural cinnabar—stibnite (Sb2S3)
and quartz admixtures (Eastaugh et al. 2008).

In the studied samples, cinnabar appears mostly as rather
thin grains with dimensions well below 5 μm, while quite
often a significant fraction of the pigment appears in the form
of even smaller particles (< 1 μm, Fig. 2c). This extremely
thin fraction brings in mind a passage from the BIl libro
dell’arte,^ where Cennini suggests that the more the cinnabar
is grinded, the better (in terms of hue) it becomes (Broecke
2015). Relevant is also a BHermeneia^ extract in which
Dionysius suggests the application of differential sedimenta-
tion for the separation of smaller from larger cinnabar grains to
be used in another application (Dionysius 1997).

HgS grains are occasionally seen in several paint layers, yet
cinnabar has been used as the base color (Bproplasmos^) for
the intense red vestments in all three painting phases, and for
rendering the bordering lines in narthex and exonarthex paint-
ings (samples Fin2-Fen1, Fig. 2c). On the contrary, the nave
bordering lines bear a single red ochre layer (sample Fm2),
which is only partially covered by coarse cinnabar (grain di-
ameter d: 10 μm < d < 55 μm) in case of sample Fm12.
However, among the two layers (red ochre/cinnabar), a thin
accumulation layer exists, hence the presence of the coarse
cinnabar in this very sample may be assigned to a latter
overpainting intervention.

On the other hand, iron-containing ochre-type pigments
were identified in samples of all three phases; the presence
of these pigments was verified on the basis of their high iron
and aluminosilicate contents (EDX—Table) as well as
through their characteristic Raman spectra (Fig. 6e, Bikiaris
et al. 1999; Bouchard and Smith 2003). In the case of
Filanthropinon wall paintings, red ochres have been rather
commonly employed for rendering red and purple hues (upon
mixing with carbon black), and they were also used as minor
admixtures in paint layers of several other hues (e.g., in olive-
green substrates, see samples Fin3 and Fin14, Tables 1 and 2).
Based on their elemental profile, Filanthropinon red ochre
grains may be divided in three distinct subgroups: (i) high iron
(Fe~79–87%), (ii) moderate iron (Fe~64–69%), and (iii) low
iron, clayey ones (Fe < 25%) (Table 2; Fig. 2d). Nave is the
only phase that bears all three ochre pigments as no low-iron
clayey grains (iii) were spotted in narthex and exonarthex
samples. On the other hand, the elemental profile and micro-
structure of the high-iron grains [(i), common in all painting
phases] allow for their characterization as Bcaput mortum,^ a
pigment that was rather frequently employed in Byzantine and
post-Byzantine painting (Bikiaris et al. 1999; Daniilia et al.
2002; Ganitis et al. 2004).

Interestingly, in several samples, the well-known depen-
dence of pigment hue to grain size was clearly visualized
(Mastrotheodoros et al. 2010). A pertinent example is the
two-layered sample Fen6: both paint layers contain high-
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iron grains of comparable compositions, which nevertheless
differ significantly in terms of grain size: deep-red, upper-
layer grains range among 0.3–3 μm, while the lower layer
contains significantly larger grains (2–15 μm) which appear
obviously darker (Fig. 2e). This extraordinarily fine partition
of a single pigment implies employment of a very selective
segregation process.

Another notable finding was the revealing of several
double-phase ochre grains in samples from both the narthex
and the north exonarthex wall paintings. Upon BSE obser-
vation, these very grains appear to consist of a gray matrix in
which bright particles are dispersed (Fig. 2f). EDX analyses
revealed that the bright particles contain mostly iron, while
the matrix contains varying amounts of the elements Ca, Si,
and Al, along with several minor admixtures including man-
ganese. Similar gains have been recently documented in
post-Byzantine panel paintings (Bicons^) executed in the
same geograph ica l r eg ion (Ep i rus -SW Greece )
(Mastrotheodoros 2016), and on the basis of their elemental
profile, it may be said that they are vaguely reminiscent of
compositions of manganese-containing iron occurrences that
are not uncommon in Epirus. To the best of the authors’
knowledge, ochre grains with these distinct characteristics
have not been reported before in the pertinent literature and
they might represent pigment from an unknown local (:
Epirus) source; yet, a separate systematic investigation is
needed for the determination of the identity/provenance of
the pigment in consideration.

Yellow/yellow-brown

All yellow grains are of a characteristic elemental profile (ma-
jor component: iron, moderate aluminosilicate content,
Table 2), while corresponding micro-Raman spectra exhibit
the typical shifts of limonite (Bikiaris et al. 1999) (Fig. 6f);
hence, it is concluded that the only yellow pigment employed
in Filanthropinon wall paintings is iron ochre. Ochre was ex-
tensively used for rendering halos, yellow/pale brown vest-
ments (e.g., maniples, upon mixing with red ochre or/and
carbon black), and olive-green grounds (mixed with black
and occasionally with a small amount of red) (Fig. 3a, b).
Pertinent grains appear homogeneous/single-phased under
OM/SEM and usually with rounded contours, a characteristic
that indicates either intense grinding or prolonged flowing-
water action on a natural raw material (Fig. 3a). In a couple
of samples, among the yellow grains appear a few pale-brown
ones (Fig. 3a); the latter are of enhanced iron and lower cal-
cium contents in comparison to the former (Table 2), yet they
are limonitic too (Raman spectra retain the intense limonite
shifts). To the authors’ opinion, these very grains shall be
regarded as natural admixtures of the ochre pigment, rather
than craftsmen’s intentional additions.

Remarkable characteristics of all the analyzed ochre grains
are their enhanced iron content and the presence of minor
manganese admixtures (Table 2), which bring in mind the
compositions of Bsienna^-type yellow earth pigments
(Helwig 2007; Eastaugh et al. 2008). Moreover, the majority

Fig. 3 a Background: rounded
ochre grains, (Fen5, BSE, ×
1000). Inserted pictures: I: distinct
pale-brown grains dispersed in an
ochre matrix (Fen5, OM, × 200).
II: Ochre on plaster (Fin8, OM, ×
200). b Background: Green-earth
grains (arrows) (Fin3, BSE, ×
10,000). Inserted: I: black + ochre
olive-green layer (Fm4, OM, ×
200). II: green-earth on olive-
green substrate (black + ochre,
Fen2, OM, 200×) c Three-layered
green, Fin14. Substrate (I): black
+ ochre + red/ Intermediate (II):
green-earth/surface (III): coarse
malachite. Gray inclusions on
malachite correspond to Ca–Mg
phases. Background: BSE, ×
1200. Inserted: OM, × 200. d
Smalt grain with conchoidal-
fracture features (Fm9a, BSE, ×
3000). Inserted: relevant EDX
spectrum
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of the studied red and yellow Filanthropinon earth pigments
exhibit a similar minor element profile (Mn, P and, occasion-
ally, Pb) and a common geological origin is possible. The
assumption that both red and yellow Filanthropinon ochres
come from a single—possibly local—source is intriguing,
yet the pigment-quality earths abound in earth’s crust (Hradil
et al. 2003); hence, this hypothesis deserves further consider-
ation on the basis of extensive local geological probing.

On the other hand, the absence of deep-brown, umber-type
pigments from the palettes of all three Filanthropinon painting
phases is noticeable. Analytical data revealed that in order to
compensate for this shortage, Filanthropinon craftsmen used
quite often charcoal plus red/yellow ochre mixtures (samples
Fm1, Fin4, Fen3), while in a few instances, more sophisticated
routes for rendering brown were employed: this is the case of
St. George’s brown garter (sample Fm3), which has been ren-
dered by applying a thin carbon-black wash over a red-yellow
substrate (Fig. 4a, b).

Green

Green had been extensively used in all three Filanthropinon
phases for rendering the upper part of the ground on which the
depicted figures stand (Fig. 1c, e), yet it was rather rarely
encountered in other parts of the paintings. For this reason,
samples from the green grounds of the nave, narthex, and
exonarthex were comparatively studied, along with a pertinent
sample from the narthex hyperthyron Dormition portrayal
(Fin14). Interestingly, analytical data revealed no presence of
a green pigment in the nave sample, as for rendering the
greenish ground a mixture of carbon black plus yellow ochre
has been used (Fig. 3b). On the contrary, both the narthex and
exonarthex samples exhibit a rather similar structure: on an
olive-green substrate (carbon black + yellow ochre), a layer
containing lime and green grains has been applied (Fig. 3b).
The latter exhibit the compositional trends of green earths (en-
hanced Si–Fe contents, elevated Mg, Al and K, see Grissom
1986; Deer et al. 1992; Hradil et al. 2003) (Table 2), and the
relevant fibrous microstructure (Fig. 3b) (Buckley et al. 1978;
Moretto et al. 2011); the subtle compositional differentiations

among the narthex and exonarthex pigments (e.g., minor cop-
per admixtures in the latter) may indicate that materials of dif-
ferent origins have been employed.

Celadonite and glauconite are the most widely used (in
painting context) members of the mica group, yet distinction
between these two species is not a trivial task. Nonetheless,
several scholars have exploited elemental-composition varia-
tions towards this goal. On this basis, both the Filanthropinon
narthex and exonarthex green earths seem to be of glauconitic
origin, as they are characterized by Si/Al < 10 and Mg/Al < 1,
while in addition, the silicon, aluminum, and magnesium con-
centrations show the common glauconite trend (Si > Al >Mg)
(Ospitali et al. 2008; Moretto et al. 2011; Perez-Rodriguez
et al. 2015). On the other hand, implementation of micro-
Raman analysis posed serious difficulties as the analyzed
green grains are very finely dispersed into a calcitic matrix:
besides, it is well known that when green earths are mixed
with other pigments such as San Giovanni white, they may be
hardly detectable (Bersani et al. 2005). Nonetheless, the au-
thors were able to collect spectra that indeed exhibit the char-
acteristic Raman shifts of glauconite, namely those at ~ 264,
458, 548, 595, and 700 cm−1 (Fig. 7a) (Ospitali et al. 2008;
Moretto et al. 2011; Wang et al. 2015).

The employment of glauconite is of some significance
when it comes to considering green earths identified in other
Byzantine/post-Byzantine monuments, as in the majority of
the pertinent published works, green earths are identified as
celadonite (Daniilia et al. 2000, 2008a; Pavlidou et al. 2006;
Zorba et al. 2006; Sotiropoulou et al. 2008; Sakellariou et al.
2010; Pelosi et al. 2013; Cheilakou et al. 2014; Kakoulli et al.
2014; Holclajtner-Antunović et al. 2016); on the contrary,
glauconite was recently identified in the fourteenth century
Ruthenian-Byzantine mural paintings in the Wawel Cathedral
(Krakow, Poland) (Rafalska-Lasocha et al. 2010). Another in-
teresting feature of the Filanthropinon samples is the fact that
green earths were always laid on top of an intermediate olive-
green substrate that consists of charcoal plus yellow ochre
(Fig. 3b, c), yet this deserves further discussion (see Part II).

On the other hand, green-ground sample Fin14 is more
complicated as it is composed of three distinct layers: on an

Fig. 4 a Dark red/brown ground,
sample Fen3; paint layer consists
of deep red ochre plus C-black.
OM × 200 b Background: C-
black wash (arrow) covering a red
+ yellow ochre substrate (bright
grains); the uppermost layer is a
white highlight. BSE, × 3000.
Inserted image: same sample,
OM, × 200; arrow indicates C-
black wash
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olive-green substrate (black + ochre) lays a green earth layer,
which has been covered by grains of a rather coarse pigment
(Fig. 3c). The latter are only partially preserved, and their
extensive loss is most probably related to the fact that they
were applied by a secco painting technique (for pertinent de-
tails see Part II). Under high magnification, these very grains
exhibit conchoidal-fracture features, while EDX analysis re-
vealed that their major component is copper; these character-
istics indicate employment of malachite (Gettens and
Fitzhugh 1993b), an assumption verified through micro-
Raman analysis (Bell et al. 1997; Bouchard and Smith 2003)
(Fig. 7b). Besides, the microstructure of grinded malachite
allows for its distinction from artificial copper pigments, as
the grains of the latter are mostly spherulite-like (Naumova
et al. 1990; Scott 2002). Moreover, the detection of various
admixtures such as Ca–Mg (probably dolomite-related, spot-
ted as scarce grains and inherent inclusions on individual
grains, Fig. 3c), azurite, and hematite grains, further highlights
the natural origin of the Filanthropinon pigment, as the afore-
mentioned are rather common malachite impurities (Palache
et al. 1951; Daniilia et al. 2008b). In addition, EDX data indi-
cate the presence of significant zinc and arsenic levels in the
Filanthropinon malachite grains (Table 2), which are probably
related to admixtures of olivenite [Cu2(AsO4)(OH)] and
adamite, [Zn2(AsO4)(OH)], two minerals commonly associat-
ed with natural azurite and malachite (Švarcová et al. 2009).
However, the presence of scarce azurite grains (Figs. 3c and
7c) may lead someone to suppose that the nowadays observed
malachite is a degradation product of—presumably originally
applied—azurite. Yet, this hypothesis may be readily objected
as (a) the pictorial element in consideration (: ground depic-
tion) is rendered with green in all three Filanthropinon paint-
ing phases, and (b) the presence of two successive greenish
underpainting layers indicate that the craftsman intended a
green hue.

Blue

Following the commonByzantine/post-Byzantine tradition, in
all the studied painting phases, the extended background/
campus areas have been rendered by a rather dark blue hue
(Fig. 1). In case of the south exonarthex sample Fes2
(Byzantine phase), OM, SEM-EDX, and micro-Raman in-
spection revealed nothing but charcoal particles embedded
into the surface plaster. On the contrary, in the samples from
the nave, narthex and north exonarthex, among the abundant
carbon-black particles, few non-charcoal grains appear too.
EDX analyses revealed that the major component of the latter
grains is silicon (Si > 50%), while they also contain moderate
calcium (~ 17%), sodium (~ 10%), and potassium (~ 5%), and
various other minor elements including manganese (~ 1.5%),
aluminum (under 1.5%), and cobalt (~ 0.3%, Table 2, Fig. 3d).
This elemental profile along with the characteristic glassy

microstructure of the pertinent grains (Fig. 3d) allow for their
identification as smalt, an artificial glassy pigment
(Mühlethaler and Thissen 1993).

Yet, one may note a few peculiar characteristics of the
Filanthropinon smalt composition, namely the enhanced pres-
ence of sodium (rather than potassium), the low cobalt con-
tent, and the elevated manganese (Table 2, Fig. 3d). Although
rarely, sodium-containing smalt is indeed reported in the liter-
ature (Spring et al. 2005), while smalt grains with low cobalt
content (< 1%) are occasionally reported too (Robinet et al.
2013; Janssens et al. 2016). Besides, it is well known that even
a small cobalt addition (< 1%) is sufficient to color intense
blue a silicate glass (Colomban 2013), yet the higher the co-
balt load, the smaller the particles that preserve the intense
blue color. As for manganese, we note that when oxidized, it
imparts a purple color in glass, and thus its addition in iron-
containing glasses may result in a counterbalance of the
yellow-brown color induced by Fe(III) ions (Gratuze et al.
1996). In this perspective, the detection of elevated iron in
the Filanthropinon smalt grains favors the hypothesis that
manganese was intentionally added in order to compensate
for iron. At this point, it is noted that smalt has been occasion-
ally detected in other Byzantine (Gettens and Stout 1958) and
post-Byzantine mural paintings as well (Daniilia et al. 2008b;
Daniilia and Minopoulou 2009). Nonetheless, in these in-
stances, smalt was found on top of a carbon black layer (not
intermixed with it) and its composition proved to be similar to
that of Bcommon^ smalt (potassium-rich, elevated cobalt etc.).
Hence, the Filanthropinon smalt may be regarded as an un-
usual one, both in terms of composition and the method
employed for its application (: mixing with C-black).

Despite the verified smalt presence in the carbon-black lay-
er, the Filanthropinon backgrounds appear dark bluish/black
(Fig. 1); this could be well explained by the limited smalt
addition or/and by the smalt discoloration, a phenomenon
commonly treated in the pertinent literature (Spring et al.
2005; Daniilia and Minopoulou 2009; Robinet et al. 2013).
Nonetheless, the existence of blue patches on the vaults and
on other high, currently inaccessible parts of the nave paintings
implies that another blue pigment may had originally existed
on top of the pre-discussed dark layers. Besides, the applica-
tion3 of blue pigments on top of carbon-black substrates was a
common practice in Byzantine and later painting, and scholars
have often noted the rather extended loss of these surface blue
pigments (Gettens and Stout 1958; Winfield 1968; Pavlidou
et al. 2006; Zorba et al. 2006; Daniilia et al. 2008a, b;
Sotiropoulou et al. 2008; Holclajtner-Antunović et al. 2016;
Marič-Stojanovič et al. 2018). Bearing in mind the latter piece
of information, the surfaces of several Filanthropinon campus
samples were thoroughly examined in order to reveal possible

3 For details on application technique and the related terms, Bfresco^/Bsecco^
reader is addressed to Part II
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blue-pigment remnants. The intensive study of the pertinent
material revealed the existence of original blue paint layer
remnants only in case of a nave sample (Fm9a), while various
latter overpainting remnants were documented on nave and
narthex samples (Fm7, Fm9b, Fm14 and Fin1b respectively,
for details see next); on the contrary, no coloring substance
beyond intermixed charcoal and smalt was detected in case
of the north exonarthex samples.

In detail, upon the meticulous stereoscopic inspection of
the sample Fm9a surface, a few grains of intense blue color
were spotted, which proved to be coarse-grinded natural azur-
ite (Fig. 5a; Table 2). Presumably, azurite was originally ap-
plied on top of the Bblack plus smalt^ substrate in order to
achieve an intense blue color, yet it was subsequently gradu-
ally lost leaving only scarce grains. This might very well be
the case in inner narthex and exonarthex wall paintings as
well, although in the relevant samples, no azurite remnants
have been traced up today; the several restoration and
Bcleaning^ interventions which took place during past centu-
ries have probably contributed to this loss.4

On the contrary, surface examination of sample Fm9b re-
vealed the presence of a few white patches with occasional
blue grains. EDX and micro-Raman analysis revealed that the

white pigment is lead white (detection of Pb and major lead
carbonate Raman shift at ~ 1050 cm−1 respectively, see, e.g.,
Bell et al. 1997; Burgio and Clark 2001) (Fig. 7d). As it has
been already demonstrated (see the BBlack and white^ section
and references therein), in the framework of Byzantine and
post-Byzantine mural painting, the only white pigment to be
employed was calcium carbonate; hence, superficial lead
white layers shall be obviously assigned to a later
overpainting/Breparing^ intervention. The blue grains that ex-
ist in the lead white layer are of a rather homogeneous micro-
structure (Fig. 5b(I)), and they were found to contain no sulfur,
a low level of copper (< 2%), and a moderate level of iron,
thus suggesting the employment of Prussian blue, the artificial
iron-based pigment that was first manufactured in the early
eighteenth century and became a popular solemn-blue pig-
ment within two or three decades (Kirby 1993; Berrie 1997;
Kirby and Saunders 2004). It is worth noting that Prussian
blue has been recently identified as a restoration material in
other Byzantine paintings (Holclajtner-Antunović et al. 2016).

Remnants of yet another blue overpainting were document-
ed on the background (Bcampus^) sample Fm14: on a thin lead
white layer, several extremely small, bright blue grains are laid
(Fig. 5b(II)). EDX analyses revealed notably high sulfur and
sodium contents yet no copper, while the corresponding
Raman spectrum shows the characteristic lazurite shifts at
262, 547, 809, and 1092 cm−1 (Clark and Franks 1975;
Plesters 1993; Bell et al. 1997; Burgio and Clark 2001)
(Fig. 7e). Natural lazurite grains exhibit conchoidal fracture

Fig. 5 a Background: azurite
grains on campus (Fm9a, BSE, ×
3000); inserted: same sample,
stereoscopic view (× 40). b I:
Remnants of surface overpainting
(Prussian blue+Pb-white), Fm9b,
× 4000; II: grains of artificial
ultramarine, overpainting (Fm14,
BSE, × 8000). c Indigo-type
grains (arrows) among Pb-white,
overpainting covering carbon-
black + smalt substrate.
Background: BSE, × 3000.
Inserted: OM, × 200. d
Overpainting remnants on St
Nikitas garment, nave. The gilded
relief medal is also pictured (rak-
ing light). Inserted figure: rem-
nants of azurite (arrow) + Pb-
white overpainting that covers St
Nikitas vestment (perpendicular
line: original deep red paint layer)
(Fm7, BSE, × 2500)

4 It is indicative to note that during the twentieth century, two conservation
interventions took place, namely on 1964 and 1973–1974, while authors
traced evidence of at least three other, significantly earlier interventions (see
next).

Archaeol Anthropol Sci (2019) 11:2821–2836 2831



characteristics and are always accompanied by various impu-
rities (Plesters 1993; Holclajtner-Antunović et al. 2016).
Nevertheless, both latter features are absent in the case of the
Fm14 sample grains, which also belong to the 1–3 μm size
range and, overall, the findings are compatible with low-cost
synthetic lazurite (/artificial ultramarine).

Similarly, in the case of the background sample Fin1
(narthex), the original black + smalt paint layer is partially
covered by a rather thick overpainting that consists of
coarse lead-white and a few blue grains which are rather
uniform in shape (Fig. 5c). EDX analysis revealed absence
of the elements Cu, Fe, S, and Co from the latter grains,
implying thus employment of an indigo-type pigment, an
assumption that was subsequently verified through micro-
Raman analysis (Fig. 7f). It is worth noting that indigo was
one of the most widely used pigments in Byzantine and
post-Byzantine panel painting (Mastrotheodoros 2016),
yet it has been only rarely found in pertinent murals
(Gettens and Stout 1958).

Of special interest is sample Fm7, which was collected
from St Nikitas deep red/purplish vestment (nave south wall,
Table 1). Macroscopic and OM observations revealed the
presence of bluish overpainting remnants, and further analyses
verified the existence of a thick lead white + azurite layer that
covers the original lime-highlighted deep red garment
(Fig. 5d). These azurite grains differ slightly from the ones
that originally covered the nave background (sample Fm9a)
in terms of composition,5 indicating thus employment of two
different pigments. One may note that the covering of St
Nikitas deep red vestment with a blue overpainting seems
meaningless, and such an interventionmay only be interpreted
in the framework of a Brestoration^ executed in a rather distant
period of the past, when the perception of restoration and the
esthetic criteria differed significantly from the modern ones.
Yet, one clue for the date of this overpainting is offered by its
very constituents: in European painting, the use of natural
azurite is known to drastically decrease from seventeenth cen-
tury onwards and practically ceased during eighteenth century
(Gettens and Fitzhugh 1993a; Kirby 1993), and this trend was
recently verified in case of Greek portable icons too
(Mastrotheodoros 2016). Hence, mid-eighteenth century must
be regarded a Bterminus ante quem^ for the aforementioned
overpainting intervention.

Thanks to the several blue overpainting remnants, one may
draw a rough sketch of the post-manufacture interventions in
case of the Filanthropinon wall paintings. In detail, azurite
(sample Fm7) was probably used in an intervention executed
before mid-eighteenth century, while Prussian blue (Fm9b)
and artificial ultramarine (Fm14) allow for the determination

of two Bterminus post quem,^ namely ca. 1710 and 1830
respectively. On the other hand, the employment of the
Bindigo-type^ pigment in sample Fin1 does not allow for
any particular chronological assumption, as indigo was a pig-
ment widely used from antiquity up until recently. However,
such an intensive overpainting activity indicates that the peo-
ple whowere practicing their spiritual duties in Filanthropinon
church were concerned about retaining the vivid appearance
of the wall paintings, as the latter were obviously regarded an
indispensable part of their everyday ritual life.

Further considerations

When it comes to comparison between the various
Filanthropinon painting phases, one may proceed on several
interesting observations. First of all, in all three painting
phases, the Filanthropinon dark campuses/backgrounds bear
an unusual, in terms of composition, blue smalt intermixed in
the lime + charcoal layer. This has served as a substrate for
blue pigments (that are largely lost) and to the authors’ best
knowledge has not been documented in any other relevant
monument up today6; hence, it may be regarded as an idio-
morphic characteristic of these very paintings. The employ-
ment of this mixture in all three Filantropinon painting phases
obviously suggests a characteristic of certain painters who
shared common materials (and technical) background. On
the other hand, a few characteristic points of differentiation
were revealed. Indicative is the case of the red bordering lines
(which are a constituent element of byzantine wall painting,
see Fig. 1): nave lines have been rendered by red ochre, while
narthex and exonarthex borders bear cinnabar (Fig. 3c).
Moreover, the unusual double-phase red ochre grains and
green earths were detected in samples from both the narthex
and exonarthex (Fig. 3f) yet not in nave, while the latter paint-
ings are the only to bear the low-iron, clayey red ochres (type
Biii^/Table 2). Further on, green grounds have been rendered
by two successive paint layers (green earth on olive-green
substrate) in narthex and exonarthex, while the same pictorial
element has been painted by using a single, olive-green paint
layer7 in the nave (Fig. 4b).

The revealed variations and similarities of the three
Filanthropinon phases contribute substantially to the assessment

5 Fm7 sample azurite grains (overpainting) contain minor Zn admixtures
(probably related to adamite, see the BGreen^ section and Švarcová et al.
2009), an element not detected in Fm9a sample azurite (original).

6 Neither on the Bbluish^ background sample which was collected from the
Filanthropinon south exonarthex lintel semi-destroyed depiction (sample Fes1,
Fig. 1d). This clue, along with the fact that the corresponding plasters differ
from those of the three main painting phases (see Part II), strengthens
archeologists’ view according to which this very painting is of an earlier date
(possibly Byzantine).
7 In few samples, the remnants of—largely lost—superficial pigment layers
were detected (includingmalachite/sample Fin14), and it is not impossible that
the nave olive green ground was originally covered by malachite which is not
preserved today.
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of artistic identities, as there are no inscriptions/archival records
to testify the names of the employed painters. However, on the
basis of stylistic and iconographic features, archeologists have
hypothesized that the nave painter worked alone (in 1531/2)

and did not take part in the painting of the other two phases
(Acheimastou-Potamianou 1995, 1999; Deligianni-Dori 1999).
The latter hypothesis is strongly supported bymicroscopic find-
ings presented herein, as the samples from the nave paintings

Fig. 6 Indicative micro-Raman spectra of various Filanthropinon pig-
ments. a Black/plant charcoal, sample Fin1. b Calcite/BSan Giovanni^
white, sample Fm11. c Gypsum accumulation, sample Fin8. d Cinnabar/

HgS, sample Fin2 e Red ochre (hematite), sample Fen 6. f Yellow ochre
(limonite), sample Fen5

Fig. 7 Selected micro-Raman spectra. a Glauconite, sample Fin3. bMalachite, sample Fin14; asterisks mark gypsum peaks (decay product). c Azurite,
sample Fin14; asterisk marks gypsum shift. d Lead white, sample Fm11. e Artificial ultramarine (lazurite), sample Fm14. f Indigo, sample Fin1
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exhibit idiomorphic characteristics, absent in the narthex and
exonarthex samples (e.g., the rendering of bordering lines with
red ochre—rather than cinnabar—and the use of the low iron
clayey ochre).

On the other hand, narthex and exonarthex paintings exhibit
notable similarities, the most characteristic of which are the
employment of a very peculiar (in terms of microstructure)
red iron ochre and the use of a glauconitic green earth. Of
special interest is also the rendering of green grounds by apply-
ing two successive paint layers. Archeologists have argued that
the legendary painter Frangos Katelanos had presumably
worked in the narthex (1542) with the assistance of Georgios
and Frangos Kontaris (who were reportedly his pupils), while
the exonarthex paintings (1560) are ascribed to the Kontaris
brothers alone (Acheimastou-Potamianou 1995, 1999;
Deligianni-Dori 1999). Indeed, the highlighted similarities
among the two painting phases are strong enough to indicate
the employment of a single workshop. Besides, work in prog-
ress on samples from two churches that bear Kontaris inscrip-
tions (BSt Nikolaos^ in Krapsi village and BTransfiguration^ in
Klimatia, Epirus) has revealed very similar (in terms of stratig-
raphy) green grounds (for a preliminary relevant discussion, see
Mastrotheodoros et al. 2018). Hence, it seems probable that the
Kontaris brothers had indeed taken part in the decoration of
both the Filanthropinon narthex and exonarthex decoration.

Finally, the unusual employment of Bcharcoal plus minor
smalt^ substrate on the dark backgrounds of all three
Filanthropinon phases deserves a further comment. As it has
been already stated, this very mixture has not, up today, been
documented elsewhere. However, ongoing study on other
Kontaris inscribed churches revealed the presence of the same
paint layer on the campus samples of at least one pertinent
church (Mastrotheodoros G.P., unpublished data), and this
finding strengthens the hypothesis that an idiomorphic char-
acteristic of the Epirus/NW Greece school has been detected.
In this view, it may be assumed that this innovation first ap-
peared in the Filanthropinon nave painting (1531/2) and from
there was disseminated—probably through apprenticeship—
in the Filanthropinon narthex and exonarthex paintings as well
as in other monuments that were subsequently painted in the
framework of the Epirus school of iconography.

Conclusions

Through the in-depth OM, SEM-EDX and micro-Raman in-
vestigation of Filanthropinon wall paintings samples, the pig-
ments employed by the artists were revealed. A rather limited
palette has been employed: plant-derived charcoal was the
only black pigment, while for the whites, lime and a Bbianco
San Giovanni^-type pigment were employed; the latter is for
the first time documented in Greek murals. Reds have been
rendered by various natural iron ochres and cinnabar, and

yellows by limonitic ochre, while dark browns lack. Green
earths (glauconite) and malachite, along with a very peculiar
smalt and azurite have been also identified in original paint
layers. The identification of different grain-size fractions of
given pigments along with the existence of extremely thin-
grained pigments (< 3 μm) imply employment of sophisticat-
ed grinding and segregation methods. Moreover, in a few
instances, analytical data revealed the employment of an idi-
omorphic red iron ochre which was collected from an uniden-
tified, possibly local, source. Dark campuses were found ren-
dered with a remarkable mixture of charcoal and smalt; ana-
lytical data suggest that this dark layer was originally covered
by blue pigment(s). As this very mixture has not been docu-
mented elsewhere, it is assumed that it might have been
invented by the Filanthropinon nave painter and passed
through apprenticeship to subsequent craftsmen (including
the two Kontaris brothers). Hence, a potentially important part
of a microscopic fingerprint of the Epirus/NW Greece school
of painting emerges.

On the other hand, the existence of several differences has
emerged upon examining samples from the three
Filanthropinon painting phases, which turned to be an ex-
tremely valuable tool for the assessment of artistic identities.
In detail, on the basis of analytical data, it is evident that the
first Filanthropinon painting phase (the lower part of the
nave/1531–2) was decorated by a painter of individual char-
acter, while the narthex (1542) and the exonarthexes (1560)
were painted by craftsmen of a single workshop. The
archeological hypothesis that the two Kontaris brothers con-
tributed to both the 1542 and the 1560 phases has been very
much strengthened. On the other hand, the fact that the idio-
morphic Bcharcoal plus smalt^ substrate was employed in all
three Filanthropinon phases (1531–1532, 1542, 1560) indi-
cates that at least one of the narthex painters had taken
part—presumably as a pupil—in the earlier decoration of the
nave. Although the identification of this person with the leg-
endary Frangos Katelanos is tempting, current analytical data
offer no pertinent clue.

Finally, artificial lazurite/ultramarina, Prussian blue, indi-
go, and azurite (yet different from the azurite of the original
paintings) have been identified in remnants of latter
Brenovation^ interventions; on the basis of the employed pig-
ments, it seems that the latter have been repeated several
times, with the earliest taking place most probably shortly
after the end of seventeenth century.
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