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Abstract
Technical studies in the field of ancient painting and polychromy aim at elucidating our
understanding regarding composition and the various uses of colours in antiquity that served to
produce either figural paintings or polychromy on a varied range of artifacts. The increasing
number of newly excavated material, as well as the publication of old finds, has opened up new
fields of investigation of both ancient Greek painting and polychromy from an art historical and a
technical perspective, allowing us to retrace the history of painting traditions in ancient Greece,
from prehistory to the Hellenistic times. This paper discusses the results of recent analytical
investigations on ancient Greek painting materials and offers a brief historical overview of their
uses. Problems regarding the discoloration of the original paint layers caused by the weathering
and ageing of pigments and binders are also underlined.
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Introduction
The increasing number of newly excavated material, as well as the publication of old finds,
has opened up new fields of investigation of both ancient Greek painting and polychromy from an
art historical and a technical perspective, allowing us to retrace the history of painting traditions in
ancient Greece. Studies in Late Bronze Age wall paintings from Thera and the Greek mainland have
produced new knowledge regarding the Aegean painters’ materials, leading to a revision of old
theories on fresco painting (Brecoulaki et al. 2012; Brecoulaki et al 2013 a; Brecoulaki et al 2013d)
and to a recognition of a richer gamut of mineral and organic pigments (Dandrau 1999; Perdikatsis
et al. 2000; Sotiropoulou 2004.; Jones and Photos-Jones 2004; Brysbaert 2008; Vlachopoulos and
Sotiropoulou 2012). The recent examination of the wooden panels from Pitsa in Corinthia
(Brecoulaki et al. 2008; Brecoulaki et al. 2013b) and the discovery of wall paintings from the
Archaic temple at Abai/Kalapodi (Niemeier et al. 2012) have offered entirely new insights on
painting that was realized during the seventh and sixth centuries BC. On the micrographic
paintings of a unique painted marble sarcophagus, recently discovered in ancient Kition (Cyprus)
and dated to the late Classical period, the varied palette and the effects of shadow and light
reflect a mature application of colour that stands apart from the restricted and plain polychromy
of white ground vases (Georgiou 2009; Georgiou 2010; Fluorentzos 2011). The large funerary
corpus of paintings from ancient Macedonia has provided significant evidence for large scale
figurative compositions, and for the use of sophisticated painting techniques during the late fourth
and third century BC—techniques which had assimilated the tradition of Classical Greek painting
(Brecoulaki 2006). The scientific examination of the polychromy attested on a number of luxurious
artifacts from the Classical and Hellenistic periods, has allowed us to further reconstruct the
various applications of painting materials and their combinations, and to document the use of
unusual pigments, which also reflect a taste for imported and expensive materials (Brecoulaki
forthcoming). This paper discusses the results of recent analytical investigations on ancient Greek
painting materials and offers a brief historical overview of their uses. Problems regarding the
discoloration of the original paint layers caused by the weathering and ageing of pigments and
binders are also underlined.
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The combination of analytical techniques: non-invasive and destructive methods of investigation
Technical studies in the field of ancient painting and polychromy aim at elucidating our
understanding regarding composition and the various uses and meanings of colours in antiquity
that served to produce either figural paintings or polychrome layers applied to a varied range of
artifacts. The purpose of the technological investigation is not limited to the identification of the
constituent materials of a painted surface, but extends to the reconstruction of the various
pictorial stages and to an understanding of the sequences and combinations of the materials
involved— materials that include a wide range of mineral and organic pigments and binders. With
the development of new analytical methods of investigation for the study of paint layers (Janssens
and Van Grieken 2004; Karydas et al. 2006; Salomon et al. 2008; Cotte et al. 2009; Sokaras et al.
2009; Janssens et al. 2010; Colombo et al. 2011; Kanngiesser et al. 2012; Alfred et al. 2013), and of
sophisticated chemical analysis for complex organic materials (Colombini and Modugno 2009), the
examination of painted archaeological documents becomes more comprehensive and accurate.
Furthermore, the experience obtained during these last decades in laboratories dealing with the
technology of ancient painting materials, has dramatically enhanced the reliable interpretation
and evaluation of results.
Due to the rarity of preserved ancient painted documents and the restrictions imposed on
sampling, the use of non-invasive in situ analytical methods of investigation (Karydas et al. 2006;
Zarkadas and Karydas 2004; Anglos and Karydas 2009; Karydas et al. 2009) and of imaging
techniques has become a necessary step in our examination of ancient polychromy, offering
significant advantages in comparison to the use of destructive methods of analysis. These
advantages emerge due to the possibility of analyzing an unlimited number of positions on a
painted surface through the elemental mapping of the pigments’ constituents; due to the spatial
information on the distribution of specific pigments (such as Egyptian blue, Madder lake and Lapis
Lazuli), and to the recovery of scantily preserved paint layers - not traceable through visual
examination - with the use of imaging techniques (Rosi et al. 2009; Verri 2009a; Verri 2009b; Verri
et al. 2010). However, non-invasive techniques do not allow for a comprehensive analytical
assessment of every kind of material present in ancient paintings, and the need to perform
sampling is still required in order both to study the stratigraphy of complex pictorial layers and to
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detect the organic materials sealed within. A combination of techniques (Artioli 2010; Varella
2013) is therefore necessary in order to appreciate, in a holistic way, the variety and modes of
application of ancient painting materials and to safely reconstruct ancient polychromies.
On pigments and their applications: a brief overview based on recent investigations
Current knowledge on the range and uses of pigments in Greek painting allows us to safely
reconstruct the history of colour from the Late Bronze Age to the Hellenistic period. Of course,
there are still probably pigments to identify, and there are certainly more applications to discover
with the ongoing studies on ancient painting and polychromy, but what is readily available is a
comprehensive background which shows us the diachronic use of a common range of pigments;
pigment preferences related to the mineral resources of a region and to the workshop trends or
artistic idiosyncrasies of a given historical context (Brecoulaki and Perdikatsis 2002); rare use of
imported and precious materials for the decoration of luxurious artifacts (Brecoulaki forthcoming).
A basic common palette composed of iron oxides (red, brown and yellow ochres), carbon
black and calcium carbonate white seems to have been used diachronically throughout antiquity.
The artificial composition of the mineral cuprorivaite in Egypt offered ancient Greek painters, from
as far back as the Late Bronze Age, the blue pigment that is the most stable and rich in hues, the
Egyptian blue. Included in the palette of the Cretan (Dandrau 1999; Brysbaert 2008) and Theran
painters (Perdikatssis et al. 2000), often mixed with the local mineral riebekite (Vlachopoulos and
Sotiropoulou 2012), Egyptian blue would go on to become the basic blue of Myecanean painting
and be used without interruption until late antiquity (Fig. 1). With the use, exceptionally, of the
natural mineral azurite in Archaic sculptural polychromy and of lapis lazuli on a rare luxurious
marble vase of the fifth century BC (Brecoulaki forthcoming), Egyptian blue has been identified up
to now in almost all painted documents of the Classical and Hellenistic periods that have retained
their blue hues. Its various applications have already been discussed in previous publications
(Brecoulaki 2000; Brecoulaki 2006; Brysbaert 2008; Kakoulli 2009). In its pure form or mixed with
other pigments to produce green and purple hues, Egyptian blue was often used in both painting
and sculpture to produce vivid blue backgrounds, usually superimposed onto a layer of carbon
black (Brecoulaki 2006). The uniform blue background of Egyptian blue represents a strong stylistic
marker of ancient Greek painting and polychromy, with a long-lasting tradition from prehistory to
Hellenistic times (Fig. 2). An interesting use of Egyptian blue to indicate the white area of the eyes,
recently revealed by G. Verri on Greek and Roman sculpture (Verri 2009b; Verri et al. 2010) is also
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attested in late Classical and Hellenistic figural painting. It seems to have represented a common
pictorial technique to evoke the moistness and inner light of the glance (Brecoulaki 2012). The
mixture of Egyptian blue with yellow ochre to produce green hues in late Bronze Age paintings
represents a current practice, and until recently the absence of other copper based greens in
Aegean painting was taken for granted (Brysbaert 2008; Peters 2008). With the exception of
malachite identified on a Mycenaean wall painting fragment from Tiryns (Heaton 1912), no other
natural greens had been reported as painting materials for this period. However, the recent
technological investigation of the corpus of Mycenaean wall paintings from Pylos has confirmed
the use of copper chlorides (atacamite and paratacamite) together with malachite and chrysocolla,
a hydrous cooper silicate (Brecoulaki et al. 2013d) (Fig. 3). Those minerals very often occur in
association with each other in nature and their visual colour is closely associated. Copper chlorides
may be derivatives of corrosion processes of other copper based pigments, such as malachite. The
use of copper based natural pigments remains parsimonious in Greek painting and polychromy
(Brecoulaki and Perdikatsis 2006; Brecoulaki et al. 2006). Malachite has been used in the context
of the sculptural polychromy of the Archaic period together with other associated minerals, such
as conichalcite. Conichalcite, a copper arsenate, was identified for the first time as a deliberately
chosen pigment – and not as a random associated mineral – on the gold and ivory couch of the
tomb of Philip II at Aegae (Brecoulaki and Perdikatsis 2002). Its use was further attested
afterwards on other Macedonian paintings and on some grave stones from Demetrias, often
associated with malachite (Fig. 4). During a very recent investigation on the hunting frieze of the
tomb of Philip II at Aegae, a very interesting application of conichalcite was revealed on the light
pink bodies of the hunters: conichalcite was mixed with carbon black to evoke the cool shadows of
the flesh tones, in a gray-greenish tone (Fig. 5). The technique of using green pigments to produce
cool hues on the bodies and faces of human figures, known as the historical verdaccio technique,
represented in a rather naive manner on the illuminated Medieval manuscripts, was adapted and
refined by early Italian and Flemish painters (Brecoulaki 2012). The use of the rare pigment
conichalcite in Macedonian paintings and artifacts must have been connected to the occurrence of
local copper resources in the area of Chalcidice.
The use of cinnabar has a long history in Greek polychromy and painting (Trinquier 2013;
Brecoulaki forthcoming). Although it was quite extensively used to decorate Cycladic marble
figurines, cinnabar is completely absent from the Late Bronze Age palette, both in the islands and
the Mycenaean mainland. It appears ex novo during the Archaic period on both sculpture and
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panel painting and continues to be part of the gamut of precious pigments up to the late
Hellenistic period. The technological examination of the four Archaic wooden panels from Pitsa in
Corinthia has confirmed its use both for the bright red of the figures’ garments (Fig. 6) and for the
women’s outlines on one of the panels (Brecoulaki forthcoming; Brecoulaki et al. 2013b). New
evidence for the pictorial use of cinnabar during the fifth and early fourth century BC is available in
the form of painting on marble. On a white marble pyxis from the collection of the National
Archaeological Museum (Brecoulaki forthcoming) depicting battle scenes, cinnabar was mixed
with red ochre to produce the red orange-brown colour of the horses; on a late Classical
extraordinary marble sarcophagus found in tomb 128 at Kition (Cyprus), cinnabar was applied to
both figural and ornamental motifs (Fluorentzos 2011). Extensive presence of high quality
cinnabar (Fig. 7) has already been

attested on the wall paintings of Macedonian funerary

monuments of the late Classical and Hellenistic period (Brecoulaki 2006) and its selective use is
also documented on painted grave stones from the 3rd and 2nd centuries BC (Von Greave 1987).
Other mineral pigments, rarely encountered in Greek painting, comprise realgar, orpiment
and lapis lazuli. Realgar was identified on the Archaic panels from Pitsa and this is the first attested
historical use of this pigment in Greek painting (Brecoulaki et al. 2013b). Orpiment, lapis lazuli,
cinnabar and a purple colorant, were all employed for the micrographic paintings of the
aforementioned marble pyxis. It is clear that the use of all those precious and rare pigments on a
single painted document is related to its high value as a luxurious artifact within its material
culture. The choice of lapis lazuli - a precious stone used as a gem in antiquity- for a pictorial
application remains unique until now in Greek painting and represents the first attested use of this
mineral as a painting material in the historical periods (Brecoulaki forthcoming). The use of such
uncommon pigments on luxurious artifacts is often associated with the application of gold leaf,
usually applied on top of a yellow ochre undercoat (such as the ivory and gold couch of tomb of
Philip II at Aegae; Brecoulaki 2006), or directly onto a marble surface. The application of gold leaf
on sculpture and terra cottas has been discussed thoroughly by B. Bourgeois and Ph. Jockey in
previous publications (Bourgeois and Jockey 2005; 2007). Pigments of organic origin such as Murex
purple, Madder lake or Rocella Tinctoria are also part of the ancient Greek painter’s palette. The
earliest occurrence of Murex purple in figural painting is on the wall paintings from Thera, applied
with parsimony in order to depict details (Sotiropoulou 2005). Evidence of Murex purple in Aegean
painting is rare, but the wall paintings from the Mycenaean palace at Pylos offer a unique case in
which this pigment is used in large quantities, not only for garment details and other figurative
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elements but also to fill ornamental zones and backgrounds (Brecoulaki et al. 2013d). A pictorial
use of Murex purple in the Archaic and Classical periods has yet to be confirmed, but it was
certainly applied on late fourth and third century wall paintings from Macedonia (Brecoulaki 2006;
Lilimbaki-Akamati 2007) and pre-Roman Italy (Giachi et al. 2007) (Fig. 8). The use of Madder lake is
much more common on painted documents and sculptural polychromy of the third and second
century BC, and is in fact considered one of the most characteristic and “trendy” colours of this
period (Jeammet et al. 2007; Jeammet et al. 2010). Rocella Tinctoria has up to now only been
revealed on terracotta figurines (Pagès-Camagna 2010), but we still need to explore and further
investigate the uses of this colorant, as well as that of other colorants of marine and plant origin,
which we know from textual sources but for which we do not yet have the archaeological
evidence.
The choice of various white and black pigments, other than the usual calcium carbonate
and carbon black, usually depends on practical requirements rather than visual ones (Brecoulaki
2006). Although until recently the use of lead white was only attested on documents dated to the
late fourth century BC onwards, we now know that this pigment had already, from the fifth
century BC, assumed its function as an undercoat for paintings on marble and in mixtures with
other pigments. Interestingly, although new research on raw materials and tools from Akrotiri
(Thera) attested an extensive presence of lead pigments (Sotiropoulou et al. 2010), these
pigments never seem to have been used as painting materials on the wall. Whether they were
reserved for lost panel paintings or simply for cosmetics is an open question. Mineral black
pigments, and particularly pyrolusite, were more often used in prehistory than in historical times.
Early evidence from Late Bronze Age painting confirms the use of manganese and iron based
minerals to produce blacks (Brysbaert 2008; Brecoulaki et al. 2013d). However, in Classical and
Hellenistic painting the use of mineral blacks remains extremely rare.

Tempera and secco techniques in Greek painting: new evidence based on the identification of
organic media
The systematic examination of paint layers through chromatographic analytical techniques
(combination of GC-MS and PY-GC-MS) has yielded entirely new evidence on the practice of
tempera and secco techniques in Greek painting, evidence dating back to the Late Bronze Age. A
representative number of samples from the wall paintings of the Mycenaean Palace at Pylos
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(Brecoulaki et al 2012) have confirmed the use of egg, animal glue and vegetable gums as binding
media. Recent investigation on samples from the wall paintings of the West House at Mycenae
further attested the use of tempera and secco techniques during the Late Bronze Age (Brecoulaki
et al. 2013 a). It becomes clear from the above results that our previously held convictions on the
extensive use of fresco technique in Late Bronze Age painting should be entirely reconsidered.
More research on the wall paintings from the other palatial centers of the Greek mainland, but
also on sites in Crete and Thera, is required in order to correctly evaluate the original painting
techniques used during the second millennium BC and the transfer of technological knowledge
from the East--mainly Egypt. Until very recently there was no research carried out on the binding
media of Archaic painting. The new discovery of wall paintings from the Archaic temple at
Abai/Kalapodi (Niemeier et al. 2011) allowed us to further document the practice of secco
technique, and the examination of an Archaic painted sarcophagus from Chiliomodi in Corinthia
attested the practice of tempera technique, with egg being identified as the binding medium
(Korka et al. 2013). Egg as a binding medium was also detected in the paintings of the late Classical
marble sarcophagus from Kition in Cyrpus, while the use of egg and plant gums (fruit tree gums
and tragacanth gum) has already been extensively documented on the funerary paintings from
Macedonia (Colombini et al. 2002; Brecoulaki 2006). However, the use of arabic gum as a binder
on the painted marble throne of the “tomb of Eurydice” at Aigai (Kakoulli 2009) needs to be
reconsidered: a new ongoing technological examination of the throne and sample analysis with
GC-MS and PY-GC-MS confirmed the use of egg inside the paint layer, excluding the presence of
gums and wax (Brecoulaki et al. 2013c). It is probable though that a plant gum may have been
used as a coating for the painted surface.
Issues of pigment and binder weathering and discoloration
The original colour of ancient paintings and painted artifacts is often altered as a result of
environmental and burial conditions. The most common phenomenon is the accumulation of
saline or/and soil encrustations on the original paint surface; this creates either a whitish veil or a
grey-brown patina which affects the physical aspect of the paint layers. Changes in the chemical or
physical structure of painting materials that result from ageing, bacterial attack or weathering by
external factors, such as exposure to the high temperatures caused by fire, may affect the hue and
saturation of the original colour (Kakoulli 2009). The interpretation of such changes in the original
colour of ancient paint layers needs, however, to be treated with caution. In certain cases,
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aesthetic preconceptions on how a painting of a given period should look have lead to erroneous
reconstructions. An interesting example is the case of the Mycenaean wall paintings of the “Palace
of Nestor” at Pylos in Western Messenia (Lang 1969). Because of the destruction of the palace by
fire during its final phase of occupation in the LHCII-III, the archaeologists who studied the wall
paintings had taken for granted the fact that almost all pigments had undergone significant
discolorations, and, thus, tried to reconstruct colours that looked unfamiliar to them - such as
brown, purple and green - with what they considered to be the “Classical Mycenaean palette”,
comprising the triad of bright blue, red and yellow. They did not realize that the pictorial style
found on those wall paintings was simply expressing different aesthetic requirements and colour
harmonies from what was already known from other Mycenaean paintings of the Greek mainland
(Brecoulaki et al. 2013d). According to M. Lang (Lang 1969), the fire changed some white to blue, a
large amount of blue to lavender-green, some tan to brown, and some yellow to gray or tan. She
also considered certain dark, almost black, paint surfaces as an alteration product of a green
pigment, she described the dark purple colour as the weathering product of a vivid blue hue, and
she took for granted the transformation of red pigments to brown. This problem was not unique
to Lang’s study at Pylos. In a study predating Lang’s, in the publication of the wall paintings of the
Ramp House from Mycenae, W. Lamb had suggested that blue was burnt to violet and that fire
had turned the blue to green and the red to brown (Lamb 1921-1923). Such erroneous
assumptions significantly affected the way in which original polychromy was reconstructed.
Indeed, with the exception of yellow ochre and natural green copper-based minerals, none of the
inorganic pigments identified on the paintings of Pylos were likely to suffer significant
discolorations when heated. But even in those cases, analytical and microscopical examination
confirmed that no copper based pigment was present in black areas and that yellow ochre was not
converted into red ochre. The role of purple in the Pylian wall paintings, identified through recent
analytical investigations as Murex purple (Brecoulaki et al. 2013d), was also significantly
underestimated, since it was either considered a discoloration of Egyptian blue, or was dismissed
as gray in the areas where it had actually lost its original colour, most probably due to the effect of
fire (Fig. 9).
Darkening of the original colours or changes of hue has also been attested on ancient
paintings on wood, marble and stone (Twilley 2002; Perdikatsis et al. 2002). Such phenomena are
usually the result of the degradation of organic binders sealed within the paint film or applied on
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top of it, or of the chemical decomposition and photodegradation of mineral pigments such as
lead white (Giovannoni et al. 1990; Kotulanova et al. 2009), cinnabar (Grout and Burnstock 2000;
Keune and Boon 2005), Egyptian blue (Schiegl et al. 1992) copper based greens (Pollard et al.
1992), green earth (Kakoulli 2009) and realgar (Douglass et al. 1992; Corbail and Helwig 1995).
Although lead white (cerussite) has been widely used in Classical and Hellenistic painting, both on
lime plaster and stone or marble (Brecoulaki 2000; 2006), so far no darkening or staining of the
pigment layer related to oxidation states has been attested. It is known that cinnabar is subject to
darkening due to the formation of metacinnnabar and that the blackening of cinnabar is often
attested on Roman wall paintings (Cotte et al. 2006). However, despite its extensive use on Late
Classical and Hellenistic wall paintings and other artifacts, we have very rarely observed evidence
of discoloration. Recent investigation of cross-sections with paint layers composed of cinnabar
from the marble throne of the “tomb of Eurydice” at Aigai, has attested the presence of random
darkened particles of cinnabar inside the paint layer (Brecoulaki et al. 2013c). In general, when
cinnabar is applied, even over extensive parts of plastered walls, it still preserves its original
saturation and hue (the tomb of Aghios Athanassios in Thessaloniki offers the most significant
example (Brecoulaki and Perdikatsis 2002; Brecoulaki 2006). Although recent literature has
underlined issues of discoloration of Egyptian blue and other ancient copper based pigments, such
as copper chlorides (Pollard et al. 1992), the identification of those pigments on Greek paintings
has not revealed any notable alterations. Very often, thick layers of Egyptian blue have lost their
cohesion, and have suffered a significant loss of pigment; as a consequence the painted surface
looks pale and less saturated. This phenomenon is even more pronounced in cases where the
Egyptian blue was originally used in coarse grain size. The decomposition of green earth and its
transformation into limonite has been observed on late Hellenistic wall paintings from nea Paphos
and Jericho (Kakoulli 2009). An interesting case of photodegradation of realgar has been
documented on the Archaic painted panels from Pitsa, in Corinthia (Brecoulaki et al. 2013b).
During the non-invasive examination of the panels at the National Museum in Athens using Raman
spectroscopy (Brecoulaki et al. 2008), a change in the colour of the pendant beads on panel 16466
was observed. Indeed, while older photos and painted reconstructions of the panels shortly after
their discovery document the colour of the beads as red and blue (Walter-Karydi 1986), in their
actual state red beads have been transformed into bright yellow ones. This alteration is the result
of the effect of light which breaks As-As bonds and leads to the formation of a new crystal
structure; a behavior comparable to the photo-decomposition of orpiment (Douglass et al. 1992).
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The case of the Pitsa panels shows the importance of taking into consideration, prior to our
analytical investigation, all previous documentation on the ancient painted artefacts we are going
to examine, in order to avoid false interpretations.
The degradation of organic binding media in ancient paintings is another issue that needs
to be studied in more depth. The discoloration of a paint layer may be affected by the degradation
of the original binders, such as gums, egg and animal glue (Brecoulaki 2006). The case study of the
marble throne at the “tomb of Eurydice” at Aegae has revealed a thin layer of discolored varnish
on top of the painting’s surface and inside the matrix of the paint layer (Kakoulli 2009). This
discoloration (Fig. 10) has been considered as the result of a microbiological attack of gum arabic,
identified as the medium of the paint layer. However, the recent analysis on the throne’s
polychromy, suggesting the use of egg (Brecoulaki et al. 2013c), should now be taken into
consideration in order to determine the exact nature of the binders and understand the
mechanisms of their alteration.
Conclusion
The technological investigation of ancient painting materials offers many challenges, but
also requires an awareness of a series of problems or questions that we need to keep in mind:
How reliable is a certain analytical technique and how safe are our results? Did we cross check our
results by combining the maximum number of available techniques? Did we consider all previous
documentation on the artifacts we examined? Did we compare our results with existing literature?
To what extend do our results allow us to safely reconstruct ancient polychromies? To what
extend is our sampling representative of the painting or polychromy we are examining? How do
we deal with contradictory or different analytical results on the same artifact? (an interesting case
study is the purpurissum from Pompeii; Clarke et al. 2005). Various parameters should be taken
into consideration in our effort to interpret scientific results and incorporate them in an intelligent
manner into our archaeological or art historical perspectives, as for example: the state of
preservation of the pictorial surface with possible discolorations or alterations of the painting
materials; the historical context of the document we are examining; the artistic quality and
function of the given artifact; the geological resources available to painters and the incorporation
of local pigments into the painters’ palette; the different uses and modes of application of the
same pigments according to the desired aesthetical effect (pigments used in their pure and
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saturated form to attract the eye and create vivid polychromy or mixed to evoke more painterly
effects); the frequency in which pigments appear; the possible reasons for the choice of a specific
uncommon pigment. In certain cases, we are also confronted with the limits of modern analytical
techniques with regard to the identification of ancient materials, as is the case with many purple
colours that remain enigmatic and await identification. Ongoing research on ancient painting is
likely to shed more light on all these interesting aspects of Greek painting and the secrets of
ancient technology.

12

Bibliography

Alfeld et al. 2013: M. Alfeld, W. de Nolf, S. Cagno, K. Appel, D. P. Siddons, A. Kuczewski, K.
Janssens, J. Dik, K. Trentelman, M. Walton and A. Satorius, “Revealing hidden paint layers in oil
paintings by means of scanning macro-XRF: a mock-up study based on Rembrandt’s An old man in
military costume”, J. Anal. At. Spectrom., 28, 40-51.
Anglos and Karydas 2009: D. Anglos, A.G. Karydas,

“Non-destructive and microanalytical

techniques in art and cultural heritage”, Technart 2009, Analytical and Bioanalytical Chemistry,
395 (7), 1947-1948.
Artioli 2010: G. Artioli, Scientific methods and cultural heritage, an introduction on the application
of materials science to arhcaeometry and conservation science. Oxford University Press, Oxford.
Bourgeois and Jockey 2005: B. Bourgeois and Ph. Jockey, “La dorure des marbres grecs. Nouvelle
enquête sur la sculpture hellénistique de Délos”, Journal des savants 2, 253-316.
Bourgeois and Jockey 2007: B. Bourgeois and Ph. Jockey, “Le marbre l’or et la couleur. Nouveaux
regards sur la polychromie de la sculpture hellénistique de Délos”. In: S. Decamps-Lequime,
Peinture et couleur dans le monde antique, Paris, 176-177.
Brecoulaki 2000: H. Brecoulaki, “Sur la techné de la peinture grecque ancienne d’après les
monuments funéraires de Macédoine”, BCH 124, 189-216.
Brecoulaki 2006: H. Brecoulaki, La peinture funéraire de Macédoine. Emplois et fonctions de la
couleur, IV-Iième s. av. J.-C., Meletemata 48, Athens 2006.
Brecoulaki 2012: Brecoulaki H., à paraître B, «Saisir la ressemblance ou surpasser le modèle ? La
représentation de la figure humaine dans la peinture grecque et la tradition du portrait peint dans
l’Egypte greco-romaine». In: P. L. de Bellefonds, É. Prioux, A. Rouveret (eds)., Mémoire,
déconstruction, recréation dans les arts visuels et la poésie de l’époque hellénistique au premier
siècle après J.-C., Colloque de l’ANR CAIM, Paris, 10-12 mai 2012, in press.
Brecoulaki forthcoming: H. Brecoulaki, “Precious colours in ancient Greek painting and
polychromy: Material aspects and symbolic values”, Révue Archéologique 2014/2, forthcoming.
13

Brecoulaki and Perdikatsis 2002: H. Brecoulaki and V. Perdikatsis, “Ancient wall - painting on
Macedonian chamber tombs and cist graves, IV – III c. BC: A comparative study on the use of
color”. In: M. Tiverios, D. Tsiafakis (eds) Color in Ancient Greece, Proceedings of the International
Symposium, 12-16 April 2000, (Thessaloniki 2002) 147-154.
Brecoulaki and Perdikatsis 2006: H. Brecoulaki, V. Perdikatsis, “The use of green color in ancient
Greek painting”, 2nd International conference on ancient Greek technology (17-21 Oct. 2005)
Athens, 179-188.
Brecoulaki et al. 2008: H. Brecoulaki, D. C. Smith, G. Economou, M. Perraki, I. Kougemitrou and E.
Stasinopoulou, « The panel paintings from Pitsa (Greece, 6th c. BC): A first analytical assessment of
their materials and technique », in 5th Symposium of the Hellenic Society of Archaeometry, Athens,
Book of Abstracts, O17.
Brecoulaki et al. 2006: H. Brecoulaki, E. Fiorin, A. Vigatto, “The funerary klinai of tomb 1 from
Amphipolis and a sarcophagus from ancient Tragilos, Eastern Macedonia: a physico-chemical
investigation on the painting materials”, Journal of Cultural Heritege, vol. 7, issue 4, 301-311.
Brecoulaki et al. 2012: H. Brecoulaki, A. Andreotti, I. Bonaduce, M. P. Colombini and A.
Lluveras“Characterization of organic media in the wall-paintings of the ‘Palace of Nestor’ at Pylos,
Greece: evidence for a secco painting techniques in the Bronze Age”, Journal of Archaeological
Science 39, 2866-76.
Brecoulaki et al. 2013 a: H. Brecoulaki, S. Sotiropoulou, V. Perdikatsis, A. Lluveras, I. Bonaduce and
M. P. Colombini, “The Late Bronze Age Wall Paintings from the West House, Mycenae: A
Tehcnological Investigation of the Patinting Materials”. In: I. Tournavitou, The Wall Paintings of the
West House at Mycenae, INSTAP Academic Press, in press.
Brecoulaki et al. 2013 b: H. Brecoulaki, A. G. Karydas, J. Stephens and A. Stephens, “Colour and
painting technique on the Archaic panels from Pitsa, Corinthia”, AIPMA, International conference,
Context and Meaning, Athens, 16-18 Sept. 2013.
Brecoulaki et al. 2013 c: H. Brecoulaki, A. Kottaridi, G. Verri, A. G. Karydas, S. Sotiropoulou, L.
Lazzarini, M. P. Colombini, A. Andreotti, Z. Papliaka, J. Dyer and G. Georgiou, “A new technological
investigation on two exceptional painted marble artifacts of the late Classical period: the
sarcophagus from tomb 128 et Kition and the marble throne from the Tomb of Eurydice at Aigai”,
14

The 5th International Round Table on Greek and Roman Sculptural and Architectural Polychromy,
Athens 7-8 Nov. 2013.
Brecoulaki et al. 2013 d: H. Brecoulaki, M. P. Colombini, A. G. Karydas, “Re-presenting in Colours at
the ‘Palace of Nestor’. Original Polychromy, Painting Materials and their Meaning”, in J. Bennet
and M. Peters (ed.), Technologies of Representation, Sheffield Studies in Aegean Archaeology, in
press.
Brysbaert 2008: A. Brysbaert, The Power of Technology in the Bronze Age Eastern Mediterranean.
The Case of the Painted Plaster, Equinox, London-Oakville.
Clarke et al. 2005: M. Clarke, P. Fredrickx, M.P. Colombini, A. Andreotti, J. Wouters, M. van
Bommel , N. Eastaugh, V. Walsh, T. Chaplin, R. Siddall, “Pompei purpurissum pigent problems”. In:
art’05 - 8th International Conference on "Non Destructive Investigations and Micronalysis for the
Diagnostics and Conservation of the Cultural and Environmental Heritage.", Lecce (Italy), May 15th
- 19th, 2005.
Colombini et al. 2002: M. P. Colombini, A. Ceccarini, A. Carmignani, “ Ion Chromatography
characterization of polysaccharides in ancient wall paintings”, Journal of Chromatography A 968
(1-2), 79-88.
Colombini and Tassi 2008: M. P. Colombini, L. Tassi (eds.), New Trends in Analytical, Environmental
and Cultural Heritage Chemistry. Research Signpost, published in Transworld Research Network,
Kerala.
Colombini and Modugno 2009: M.P Colombini, F. Modugno (eds), Organic Mass Spectrometry in
Art and Archaeology, Wiley Chippenham (Great Britain).
Colombo et al. 2011: C. Colombo, S. Bracci, C. Conti, M. Greco, M. Realini, “Non-invaseive
approach in the study of polychrome terracotta sculptures: employment of the portable XRF to
investigate complex stratigraphy”, X-Ray Spectrom. 40, p. 173-179.
Corbail and Helwig 1995: M.-C. Corbail, K. Helwig, “An Occurrence of Pararealgar as an Original or
Altered Artists’ Pigment”, Studies in Conservation 40, 133-138.

15

Cotte et al. 2009: M. Cotte, E. Checroun, V. Mazel, V. A. Solé, P. Richardin, Y. Taniguchi, Ph. Walter,
J. Susini, “Combination of FTIR and X-Rays synchrotron-based micro-imaging techniques for the
study of ancient paintings. A practical point of view”, e-preservationScience, 6, p. 1-9.
Dandrau 1999: A. Dandrau, “La peinture murale Minoenne, I. La palette du peintre Égéen et
Égyptien à l’Age du Bronze. Nouvelles données analyltiques”, BCH 123, 1-41.
Douglas et al. 1992: D. L. Douglass, CH. Ching, G. Wang, “The light-induced alteration of realgar to
pararealgar” American Mineralogist, 77, 1266-1274.
Fluorentzos 2011: P. Fluorentzos, Two Exceptional Sarcophagi from Larnaka, Nicosia.
Georgiou 2009: G. Georgiou, “Three Stone Sarcophagi from a Cyprio-Classical Tomb at Kition”,
Cahiers d’Études Chypriotes, 39, 113-139.
Georgiou 2010: G. Georgiou, “Κίτιον Τάφος 128: Ενα ταφικό σύνολο της Κυπρο-Κλασικής
περιόδου με τρεις λίθινες σαρκοφάγους”, Report of the Department of Antiquities, Cyprus, 399435.
Giachi et al. 2007: G. Giachi, P. Pallecchi, A. Andreotti, I. Bonaduce, M. P. Colombini, F. Modugno,
E. M. Castellucci, C. L . Frumento, A. Zoppi, P. Nuti, « Indagine analitiche sul sarcofago delle
Amazzoni », in Bottini A., Setari E., Il sarcofago delle Amazzoni, Milan, 132-166.
Giovanni et al. 1990: S. Giovannoni, M. Matteini and A. Moles, “Studies and developments
concerning the problem of altered lead pigments in wall painting”, Studies in Conservation 35, 2125.
Grout and Burnstock 2000: R. Grout and A. Burnstock, “A study of the blackening of vermilion”,
Zeitschrift für Kunsttechnologie und Konservierung, 141, 15-22.
Heaton 1912: N. Heaton, “On the nature and method of execution of specimens of painted plaster
from the Palace of Tiryns”. In G. Rodenwaldt (ed.), Tiryns II. Die Fresken des Palastes:, Athens, 211217.
Janssens and Van Grieken 2004: K. Janssens and R. Van Grieken (eds), Non destructive mircoanalysis of cultural heritage materials, Elsevier, Amsterdam.

16

Janssens et al. 2010: K. Janssens, W. De Nolf, G. Van Der Snickt, L. Vincze, B. Vekemans, R. Terzano,
F. E. Breker, “ Recent trends in quantitative aspects of microscopic X-ray fluorescence analysis”,
Trends in Analytical Chemistry, vol. 29, no. 6, 2010, p. 464-478.
Jeammet et al. 2007: V. Jeammet, C. Knecht, S. Pagès-Camagna, “La couleur sur les terres cuites
hellénistiques: les figurines de Tanagra et de Myrina dans la collection du musée du Louvre”. In: S.
Decamps-Lequime (ed.), Peinture et couleur dans le monde grec antique, Paris, 81-94.
Jeammet et al. 2010: V. Jeammet, C. Knecht, S. Pagès-Camagna, “The polychrome decoration on
Hellenistic terracottas: the figurines from Tanagra and Myrina in the collection of the Musée du
Louvre”. In: V. Jeammet (ed.), Tanagras. Figurines for Life and Eternity. The Musée du Louvre’s
Collection of Greek Figurines, Paris, 245-249.
Jones and Photos-Jones 2004: R. E. Jones, E. Photos-Jones, “Technical Studies of Aegean Bronze
Age Wall Painting: Methods, Results and Future Prospects”. In: L. Morgan (ed.), Aegean Wall
Painting: A Tribute to Mark Cameron, London, 199-228.
Kakoulli 2009: I. Kakoulli, Greek painting techniques and materials. From the fourth to the first
century BC, Archetype publications, London.
Kannigießer et al. 2012: B. Kannigießer, W. Malzer, I. Mantouvalou, D. Sokaras, A.G. Karydas, “A
deep view in cultural heritage–confocal micro X-ray spectroscopy for depth resolved elemental
analysis”, Applied Physics A, 106, 325-338.
Karydas et al. 2006: A.G. Karydas, H. Brecoulaki, B. Bourgeois, Ph. Jockey and Ch. Zarkadas, “In-situ
XRF Analysis of raw pigments and traces of polychromy on marble sculpture surfaces. Possibilities
and limitations”, in: The 28th International Symposium on the Conservation and Restoration of
Cultural Property, “Non-destructive examination of Cultural Objects - Recent Advances in X-ray
Analysis” (Tokyo, Japan, 1-3 December 2004), Tokyo, 48-62.
Karydas et al. 2009: A. G. Karydas, H. Brecoulaki, B. Bourgeois, Ph. Jockey, “In situ X-Ray
Fluorescence analysis of raw pigments and traces of polychromy on Hellenistic sculpture at the
archaeological museum of Delos”, BCH Suppl. 51, 811-829.
Keune and Boon 2005: “Analytical imaging studies clarifying the process of the darkening of
vermilion”, Analytical Chemistry 77, 4742-4750.
17

Korka et al. 2013: E. Korka, H. Brecoulaki, S. Protopapas, S. Sotiropoulou, M.P. Colombini, A. and
Andreotti, “Evidence for tempera technique on an Archaic painted sarcophagus from Chiliomodi
(Corinthia)”, The 5th International Round Table on Greek and Roman Sculptural and Architectural
Polychromy, Athens 7-8 Nov. 2013.
Kotulanova et al. 2009: E. Kotulanova, R. Bezdicka, D. Hradil, J. Hradilova, S. Svarcova, T. Grygar,
“Degradation of lead-based pigmetns by salt solutions”, Journal of Cultural Heritage 10, 367-378.
Lamb 1921-23: W. Lamb, “Frescoes from the palace”, BSA 25, 162-72.
Lang 1969: M. Lang, The Palace of Nestor at Pylos in Western Messenia. The Frescoes, Vol. III,
Princeton.
Lilimbaki-Akamati 2007: M. Lilimbaki-Akamati, Κιβωτιόσχημος τάφος με ζωγραφική διακόσμηση
από την Πέλλα, Thessalonique.
Niemeier et al. 2012: W.D Niemeier, B. Niemeier, A. Brysbaert , “The Olpe Chigi and new evidence
for early Archaic Greek wallpainting from the Oracle Sanctuary of Apollon at Abai (Kalapodi)”. In:
E. Mugione (ed)., L’olpe Chigi. Soria di un agalma, Ergasteria 2, Salerno, 79-86.
Pagès-Camagna 2010: S. Pagès-Camagna, « Terracottas and colour », in V. Jeammet (ed),
Tanagras. Figurines for Life and Eternity. The Musée du Louvre’s Collection of Greek Figurines,
Paris, 250-251.
Perdikatsis et al. 2002: V. Perdikastis, I. Maniatis and Chr. Saatsoglou-Paliadelli, “Characterisation
of the pigments and the painting technique used on the Vergina stelae”. In: M. Tiverios, D.
Tsiafakis (eds) Color in Ancient Greece, Proceedings of the International Symposium, 12-16 April
2000, Thessaloniki, 245-258.
Perdikatsis et al. 2000: V. Perdikatsis, V. Kilikoglou, S. Sotiropoulou, E. Chrysicopoulou,
“Physiochemical Characterizaion of Pigments of Theran Wall Paintings”. In: S. Sheratt (ed.), The
Wall Paintings of Thera: Proceedings of the First International Symposium Petros M. Nomikos,
Athens, 103-118.
Peters 2008: M. Peters, “Colour Uses and Symbolism in Bronze Age Crete: Exploring Social and
Technological Relationships”. In: C. M. Jackson and E. C. Wager (eds.), Vitreous Materials in the
Late Bronze Age Aegean, Sheffield Studies in Aegean Archaeology, 9, p. 197-208.
18

Pollard et al. 1992: A. M. Pollard, R. G. Thomas and P. A. Williams, “The copper chloride system
and corrosion: a complex interplay of kinetic and thermodynamic factors”. In: T. Drayman-Weisser
(ed.), Dialogue/89. The Conservation of Bronze Sculpture in the Outdoor Environment: A Dialogue
among Conservators, Curators, Environmnetal Scientists and Corrosion Engineers, Houston, TX,
125-133.
Rogerio-Candelera et al. 2013: M. A. Rogerio-Candelera, M. Lazzari, E. Cano, Science and
Technology for the Conservation of Cultural Heritage, CRC Press, London.
Salomon et al. 2008: J. Salomon, J.C. Dran, T. Guillou, B. Moignard, L. Pichon, P. Walter, F. Mathis,
“Ion-beam analysis for cultural heritage on thes AGLAE facility: impact of PIXE/RBS combination”,
Appl. Phys. A, 92, 43-50.
Schiegl et al. 1992: S. Schiegl, K. L. Weier and A. El Goresy, “The diversity of newly discovered
deterioration patterns in ancient Egyptian pigments: consequences to entirely new restoration
strategies and to the Egyptological colour symbolism”. In: Proceeding of the Materials Research
Society Sympoisum 267, 831-858.
Sokaras et al. 2009: D. Sokaras, A. G. Karydas, A. Oikonomou, N. Zacharias, K. Beltios and V.
Kantarelou, “Combined elemental analysis of glass beads by means of ion beam, portable XRF and
EPMA techniques”, Anal. Bioanal. Chem. 395, 2199-2209.
Sotiropoulou 2004 : S. Sotiropoulou, « La pourpre dans l’art cycladique: identification du pigment
dans les peintures murales d’Akrotiri (Théra, Grèce) », Preistoria Alpina 40, Suppl. 1, 167-176.
Sotiropoulou and Karapanagiotis 2006: S. Sotiropoulou and I. Karapanagiotis, « Conchylian Purple
Investigation in Prehistoric Wall Paintings of the Aegean Area », in L. Meijer, N. Guyard, L.
Skaltsounis, G. Eisenbrand (eds), Indirubin, the red shade of indigo, Roscoff, 71-78.
Sotiropoulou et al. 2010: S. Sotiropoulou, V. Perdikatsis, Ch. Apostolaki, A. G. Karydas, A. Devetzi,
K. Birtacha,

“Lead pigments and related tools at Akrotiri, Thera, Greece. Provenance and

application techniques”, Journal of Archaeological Science, 37[8], 1830-1840.
Trinquier 2013: J. Trinquier: “Cinnabaris et ‘sang-dragon’: le ‘cinabre’ des Anciens entre minéral,
végétal et animal”, Révue Archéologique, 2013/2, in press.

19

Twilley 2002: J. Twilley, “Pigment Analyses from the Grave Stelae and Architectural Fragments
from Chersonesos”. In: M. Tiverios, D. Tsiafakis (eds) Color in Ancient Greece, Proceedings of the
International Symposium, 12-16 April 2000, Thessaloniki, 171-178.
Varella 2013: E. Varella (ed.), Conservation Science for the Cultural Herigate, Applications of
Instrumental Analysis, Springer, Berlin, Heidelberg 2013.
Verri 2009a Verri G., «The Spatially Resolved Characterisation of Egyptian blue, Han blue and Han
purple by Photo-induced Luminescence Digital Imaging», Anal. Bioanal. Chem. 394.4, 2009, p.
1011-21;
Verri 2009b:

G. Verri, “The application of visible-induced luminescence imaging to the

examination of museum objects”, Optics for Arts, Architecture, and Archaeology II, edited by Luca
Pezzati, Renzo Salimbeni, Vol. 7391, 739105, doi: 10.1117/12.827331.
Verri et al. 2010: Verri G., T. Opper, T. Deviese, «The ‘Treu Head’: A Case study in Roman
Sculptural Polychromy», The British Museum Technical Bulletin, 4, 2010, p. 39-54.
Von Graeve and Helly 1987: V.von Graeve and B. Helly, “Recherches récentes sur la peinture
grecque”, PACT 17, 17-33.
Rosi et al. 2009: F. Rosi, A. Daveri, C. Miliani, G. Verri, R. Benedetti, F. Piqué, B. G. Brunetti, A.
Sgamellott, “Non-invaseive identification of organic materials in wall paintings by fiber optic
reflectance infrared spectroscopy: a statistical multivariate approach”, Annal. Bioanal. Chem. Doi
10.1007/s00216-009-3108-y.
Vlachopoulos and Sotiropoulou 2012: A. Vlachopoulos and S. Sotiropoulou, “The blue colour on
the Akrotiri wall-paintings: From the palette of the Theran painter to the laboratory analysis”. Ιn:
A. Papadopoulos (ed.) Recent Research and Shifting Paradigms in the Late Bronze Age Eastern
Mediterranean, TALANTA XLIV, in press.
Walter-Karydi 1986: E. Walter-Karydi, “Prinzipien der archaischen Farbgebung”. In: K. Braun, A.
Furtwängler (eds), Studien zur klassischen Archäologie. Festschrift Fr. Hiller, Saarbrücken, 23-41.
Zarkadas and Karydas 2004: C. Zarkadas and A.G. Karydas, “A portable semi-micro-X-ray
fluorescence spectrometer for archaeometrical studies”, Spectrochimica Acta Part B: Atomic
Spectroscopy 59, 1611-161.
20

