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ABSTRACT

To investigate the possibilities of identifying Attic vase painters based on element compositions, ten black-
figure vases preserved in the Izmir Archaeological Museum were analyzed using a handheld XRF, Hitachi
instrument. This technique enables in situ analysis of the museum objects and surface analysis of whole vases.
Vases attributed to Gorgon Painter, Sophilos, KY Painter, Rhodos 12264 Painter, Lydos, Affecter, Antimedes,
and Leagros Group were selected as the study group. Higher Zn levels in the black gloss, dark red, and white
paint areas than the corresponding ceramic bodies were detected. Elevated V and Cu levels were also
determined in black gloss and dark red layers. When Zn/Ti ratios in the body, dark red paint, and black gloss
are plotted, vases by Sophilos and Lydos show similar compositional signatures. Therefore, we argue that the
chemical composition of the paints could reveal painters” characteristics based on the hypothesis that dark red
and white paints could have been prepared by painters as a special mixture of their own.
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1. INTRODUCTION
1.1. Attic Black-Figure Vase Painters

Although the technique was first invented by Co-
rinthian vase painters, it was adopted by Attic paint-
ers, and Athenian black-figure pottery production
took over the Mediterranean market by the middle of
the 6th century (Boegehold, 1985). The attribution of
these vases to individual hands based on close exam-
ination of the artistic style is essential because it
makes it possible to date the vases within a short pe-
riod. Sir John Beazley certainly played a significant
role in the attribution of tens of thousands of Athe-
nian painted vases to artists, schools, and manners
(Morris, 1994).

Achilles was the first painter as an artist identified
by Beazley. Following this, many vase painters were
recognized based on their signatures or/and styles.
However, we do not have any historical document on
the artists who made and paint the vases, which ex-
plains their names, age, sex, and how they produced
them (Turner, 2000). Furthermore, there are many
questions regarding the real meaning of the signa-
tures “epoiesen” (made) and “egraphsen” (wrote)
(Cohen, 1991; Liassarrague, 1997; Pevnick, 2010). At-
tic vases were distributed around the Mediterranean
and the Black Sea region through trade. Therefore,
Beazley’s elaborate list of painters and the chronology
based on the stylistic development of painters are use-
ful tools for an archaeologist who wishes to establish
a chronology for a specific site. Meantime, the well-
documented Attic black-figure pottery provides in-
formation on exchange systems and cultural relations
as well.

1.2. Archaeometric Analysis of Painted Layers
of Attic Pottery

The black-figure technique of vase painting in-
volves drawing figures and motives in silhouette on
the leather-hard surfaces using slip material. Incisions
were applied for elaborated details, while vase paint-
ers also used dark red-purple and white colors for fur-
ther minutiae. To achieve the desired shiny metallic
black color for the slip, ancient potters employed sin-
gle firing involving three stages of the oxidizing, re-
ducing, and oxidizing (ORO) conditions. Many stud-
ies on the quality of black gloss and the determination
of firing techniques of Attic pottery showed that at a
maximum firing temperature of 890-950°C, iron-rich
clays turned black (magnetite Fe3Os, wustite FeO or
hercynite FeAl;O,) and vitrified during the reducing
stage of firing (Gangas et al., 1976; Tite et al., 1982;
Maniatis et al., 1993; Liihl et al., 2014).

Previous studies suggested that the black slip ma-
terial was indeed the refined clay produced by floccu-
lation of the same clay used for the body of the pots.
However, developing technologies provided non-de-
structive analysis for further investigation to under-
stand the micromorphology and element composi-
tion of the black gloss. Such studies demonstrated
that the composition of the black gloss was suffi-
ciently different to consider using a clay source spe-
cial for the slip material and application of a standard
procedure for refining the clay (Kingery, 1991; Mani-
atis et al., 1993; Tang et al., 2001; Aloupi-Siotis, 2008;
Chaviara and Aloupi-Siotis, 2016. Aloupi-Siotis
(2020) recently suggested that the ancient potters
should have selected the raw material for the slip,
which should be rich in illite minerals and low in
CaCOs; to obtain the desired final product. She
showed that the quality of black gloss depend on
some parameters such as the slip material (or mix-
ture), the application method, and the ORO firing
scheme. She also proposed the term “Black glass-ce-
ramic or Fe-BGc” to describe iron-based coating in-
stead of black gloss because the characterization stud-
ies revealed its ceramic-glass nature. Walton et al.
(2015), on the other hand, investigated the refinement
methods for the slip material (2015). They found
higher Zn concentrations on the corresponding black
gloss layer and proposed that the acid-containing zinc
in the form of vitriol might have been added to the
body clay during the preparation of slip material to
induce flocculation to remove the remaining CaCOs.
However, Chaviara and Aloupi-Siotis (2016) argued
that vitriol treatment would cause low pH of the
aqueous solution that would lead to coagulation of
clay platelets, and the acidic slip material destroyed
the body during the application in the experimental
productions. Consequently, the sophisticated firing
procedures and the preparation method of black gloss
suggest technological knowledge and specialized la-
bor in the pottery manufacture for the black-figured
vases.

Meantime, the number of analytical studies on the
characterization of the added colors, red-purple or
white, of black-figure pottery is still limited. Mitri et
al. (2006) made significant contributions to the pig-
ment analysis of Attic red-purple and white paints,
while Mastrotheodoros et al. (2010; 2013) worked on
the vases produced in other workshops and the pro-
duction of ancient pigments. In this work, the term
“dark red” was accepted for the added red color ap-
plied for decorations.

The research on the black figure amphora at-
tributed to Priam Group by Mitri et al. (2006) pro-
posed that due to the higher iron concentration (55
wt%), dark red was probably prepared as mixing an
iron ochre with a refined low-calcareous clay, which
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was selected with similar characteristics to the clay
decided for the black gloss (2006). The unusual dark
red color (as different from the background red) was
due to the partial re-oxidation of FeO, and the combi-
nation of FeO and Fe;Os lead to the dark red color. For
the purple color used on the decorations of Corin-
thian and Theban pottery, Mastrotheodoros et al.
(2010; 2013) also agreed that a mixture of clay and an
iron-rich raw material could have been used due to
the higher Fe concentration (30-47 wt% Fe>O3); how-
ever, another crucial reason for the purple hue was
the particle size of hematite with diameters above 0.4
mm which was formed at a temperature around
900°C. The results imply that the preparation of the
pigment mixture should have been controlled by the
painters since the amount and the particle size of the
iron ochre are highly influential on the color's final
hue.

For the white paint layers on the group of pottery
from different workshops, including Theban, Corin-
thi-an, Euboean, Mastrotheodoros et al. (2013) ob-
served that the white paint was applied prior to the
firing, and there were considerable differences re-
garding the thickness of the white pigments, although
they exhibited similar morphological features. Ac-
cording to the low Al,Os/SiO; ratio, white paint lay-
ers were found to be made of coarser raw material. Ca
or Mg clays were used as a white pigment; however,
Cao/MgO ratios of different vases did not indicate a
correlation with specific workshops.

Examining the chemical composition of paints
used in the decorations in detail could expand our un-
der-standing of the operational sequence, chaine opé-
ratoire, all the stages of ceramic manufacture from
raw material to the final product (Roux, 2020), and the
role of painters in the pottery industry at Attica. This
study aims to investigate the chemical composition of

the body, black gloss, dark red and white paints of
Attic black-figure vases preserved in Izmir Archaeol-
ogy Museum to identify compositional groups that
characterize individual painters. The data presented
here is an initial work to recognize whether it is pos-
sible to discriminate the vase painters or ateliers
based on the element distribution of paints.
We design the research question of the study as

e Is it possible to verify the accuracy of attribu-

tion studies with analytical techniques?
We set hypotheses of the study as

e Added red and white paints should be pre-
pared by painters as a unique mixture of their
own,

e The chemical composition of added red and
white paints would reveal painters” character-
istic palette,

e Using a handheld XRF instrument would indi-
cate the differences in elemental compositions
of the paints.

2. MATERIALS AND METHODS
2.1. Archaeological Samples

In Table 1, the vases in izmir Museum that were
selected for the study are listed. Some of the vases
were studied by archaeologists and attributed to spe-
cific black-figure vase painters. Among the ten vases,
two of them were attributed to Sophilos, one to Gor-
gon Painter, Rhodos 12264 Painter, and KY Painter.
Two oinochoe could be attributed to Lydos, the belly
amphora to Affecter, and the lekythos to Antimenes
Painter. Ten vases represent the early and the later
black-figure periods. Further details on the decora-

tions of the vases are given in the catalogue (Appen-
dix 1).

Table 1. Study Group of Black-Figure Vases From Izmir Archaeological Museum

Inventory
Number

Sample

Number Date

Form Painter

Image

Detail Images

005.811

GP Olpe Gorgon | 600-575 BC
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Lebes .
003.332 SP1 Gamikos Sophilos 580 BC
009.537 SP2 Louterion | Sophilos | 580-570 BC
005.662 KYP Kylix KY 575-565 BC

Siana

. Rhodos

013.753 RP Kylix 12264 540 BC
008.089 LP1 Oinochoe Lydos 540 BC
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004.889 LpP2 Oinochoe Lydos 560-550 BC

Leagros

Group 550-500 BC

008.090 LGP Lekythos

012.456 AP Amphora | Affecter | 550-500 BC

016.582 ANP | Lekythos An- 550-500 BC
timenes

2.2. Analytical Methods it has been an increasing application, especially for in-
situ, non-destructive, surface analysis and painted
layers (Cesareo et al., 2008; Williams-Thorpe, 2008;
Shackley 2011; Liritzis and Zacharias, 2010; Kaplan et
al., 2014; Liritzis et al., 2018, 2020; Ali et al., 2020).
Even when the instrument is calibrated with reference
materials, the result should be evaluated with caution

The macro-morphological investigation was done
with Nikon D610 using natural side lighting under
the same conditions. Surface analysis of the vases was
conducted with a handheld XRF, Hitachi X-Met8000
Expert specialized for archaeometric studies. Alt-
hough there are certain analytical limitations of pXRF,
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due to the nature of the technique, the matrix of the
material, surface geometry, and thickness. The pene-
tration depth, fluorescent X-rays' capability to escape
from the sample's matrix, and the surface thickness
make the analysis highly complicated for painted lay-
ers. Nevertheless, the semi-quantitative or qualitative
analysis could provide valua-ble information on the
manufacturing technologies. In the study by Foster et
al. (2011), the authors tested the impact of some pa-
rameters, including surface morphology, grain size,
and mineralogy, on the pXRF analysis of heterogo-
nous handmade pottery. They demonstrated that
with appropriate methodologies such as element
choices, a sufficient number of replicates, and a ho-
mogenous matrix, it is possible to identify different
compositional groups with pXRF analysis. We know
successful application of pXRF on various types of
ware including Attic black-figure, Cypro-Geometric,
Cypro-Archaic Bichrome, Mycenaean, and White
Mountain Red Ware in east-central Arizona.

To identify the paint “recipes” of Ancestral Pueblo
pottery from the US Southwest, Duwe and Neff (2007)
proposed a methodology, including PCA and bivari-
ate plots of the element data determined by time of
flight-laser ablation-inductively coupled plasma-
mass spectrometry (TOF-LA-ICP-MS). Van Keuren et
al. (2013) later investigated the time scale and geolog-
ical distributions of specific recipes. Ferguson et al.
(2015) expanded this study by applying pXRF to
whole vessel decoration. They examined the qualita-
tive composition of painted decorations on White
Mountain Red Ware to understand any possible cor-
relation between the compositional group of paints
and decoration schemes on the vases. When the data
were compared to the analysis by LA-ICP-MS, the re-
sults showed that pXRF were capable of identifying
previous groups as well. They were also able to detect
that multiple paint mixtures were applied on a single
vessel to achieve different hues. Most recently, in the
study of the characterization and the provenance of a
group of Mycenaean pottery sherds, Liritzis et al.
(2020) mentioned some of the trace elements deter-
mined by pXRF, particularly V and Cr, exhibited con-
siderable variability across the surface of the same
sample probably due to sample geometry and the sur-
face porosity. Therefore, these elements were not se-
lected for multivariate analysis, including principal

component analysis (PCA) and hierarchical cluster
analysis.

In this study, the apparatus was equipped with a
silicon-drift detector (SDD) and excitation source of
X-ray tube Rh target. For the analysis of high-energy
and lower mass trace elements (V, Cr, Mn, Co, Ni, Cu,
Zn, As) and some major elements (Ca, Fe, and Ti), the
instrument was set to 40 kV for 120 s. The software
provided by Hitachi was adjusted to Compton nor-
malization for the analysis. The analysis spot size was
3 mm, and an integrated camera was included for ac-
curate positioning of the analyser. The elements sug-
gested in the literature were selected for analysis to
control the penetration depth of radiation through the
layers (Shoval and Gilboa, 2015; Chaviara and
Aloupi-Siotis, 2016; Aloupi-Siotis, 2020). In order to
confirm the analyser accuracy and stability, second-
ary standards were used before and during the anal-
ysis.

Moreover, since the thickness of the layers was im-
portant for XRF studies, visual observations of
painted layers by digital photography were applied
before the analysis. The examination of photo-macro-
graphs revealed the most appropriate location of the
layer where the pigments were best preserved. The
measure-ments were then applied at least five times
for each paint layer along with the clay paste. For dark
red and black painted areas, the measurements with
the highest Zn content and the white-painted areas
the measurements with the highest Ca content were
selected. Moreover, the results were also compared
with the published values elsewhere, although differ-
ent analytical methods were applied (Aloupi-Siotis,
2020)

3. RESULTS AND DISCUSSION

The mean concentrations of major elements (wt%)
and trace elements (pg/g) of body, dark red, black
gloss, and white layers of vases on a semi-quantitative
basis are presented in Tables 2-5. Compositional
groups were identified by PCA using the data (TiO,
CaO, Cr, Ni, Cu, Zn, As) for body clay pastes and
painted layers for each vase (Buxeda i Garrigés et al.,
2003; Duwe and Neff, 2007; Van Keuren et al., 2013;
Ferguson et al., 2015). PCA was performed using a
correlation matrix with no rotation axis. Base-10 log-
transformed data were used for the concentrations.
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Table 2. PXRF analyses of the ceramic body of the vases (the results are the mean of n=5, n.d. not detected)

Body (n=5) GP SP1 SP2 KYP RP LP1 LP2 LGP AP ANP
Fe:Os3 8.02+0.20 9.01£0.32 8.85+0.35 9.65+0.31 9.30+0.37 8.90+0.29 8.96+0.29 9.34+0.32 8.90+0.30 8.78+0.27
wt/ %

Ca(O (‘{V{/)%) 6.43+0.47 7.89+0.64 | 10.52+0.78 4.20+0.97 3.03+0.25 7.26+0.57 4.24+0.85 6.34+0.43 5.86+0.26 4.40+0.39

TiO2 0.95+0.02 0.69£0.01 0.70£0.08 0.97+0.04 0.65+0.05 0.76+0.04 0.66+0.05 0.81+0.07 0.75+0.02 0.94+0.07
(wt/ %)

V (ug.gm) 10245 8515 5745 7619 117£9 55+4 8716 10445 9542 5943

Cr (ug.g") 404+7 32143 310+4 421.5+7 34743 34043 32242 352+4 386+8 338+3

Mn (ug.g) 871+18 637+18 742+19 760.5+16 749+15 779+18 850+21 732418 76710 870+15

Co (ug.gm) 7145 8245 6515 45+4 nd.* 50+4 nd. 64+5 nd. 87+4

Ni (ug.g") 340+5 36316 353+6 411+19 32945 365+6 303+9 371+6 4079 308+11

Cu (ug.g") 70£3 66+3 75+3 73+7 50+3 84+3 61+4 113+4 71£3 54+2

Zn (ug.gm) 15242 227+3 22943 222+12 141+2 173+7 207+13 17443 162+5 174+3

As (ug.g") 24+1 30+1 3243 22+4 44+1 2442 1341 4042 33+4 7343

Table3. PXRF analyses of the black gloss layers of the vases (the results are the mean of n=3)

Black Gloss GP SP1 SpP2 KYP RP LP1 LP2 LGP AP ANP
1(322_(:;)3 9.01 9.94+0.32 | 10.86+0.31 | 11.68+0.13 | 11.05+0.20 | 12.23+0.13 | 10.57+0.36 | 10.23+0.49 9.51+0.37 | 10.78+0.46

Ca((‘)NE‘{vf/) %) | 1.60£0.01 1.48+0.01 2.77+0.02 1.72+0.37 3.05+0.22 1.760.07 3.32+0.03 2.45+0.06 1.58+0.05 1.16+0.07

TiO2 (wt/ %) | 0.45+0.01 0.48+0.01 0.52+0.01 0.55+0.04 0.75+0.02 0.55+0.03 0.62+0.02 0.57+0.01 0.42+0.03 0.57+0.04
V (ug.gm) 13247 136+3 134410 144411 138+4 13042 11243 11643 118+4 163+14
Cr (ng.g") 304+5 32316 34716 349412 37143 350+7 248+11 3355 32045 298+11

Mn (ng.g™) 625+17 594420 766+22 721£13 851+19 835+18 896114 587+13 613+16 822423

Co (ug.g") n.d. 39+2 461 34+4 n.d. 4142 n.d. 5242 n.d. n.d.

Ni (pug.g) 254+3 31345 357+8 371£12 380+7 383+3 236+9 333+6 317+4 294+7

Cu (ug.g") 39+2 42+4 88+9 48+6 40+3 60+5 38+1 85+7 4512 4412

Zn (ug.gm) 416120 373+13 387+15 437+18 191£15 238+17 240+10 284+12 544425 501+27

As (ug.g) 32+1 33+1 5347 2943 4743 4342 1941 34+1 42+1 8612

Table 4. PXRF analyses of the dark red paints of the vases (the results are the mean of n=3)
Dark Red Paint GP SP1 SP2 KYP RP LP1 LP2 LGP AP ANP
(n=3)
CaO (wt/ %) 4.79+0.65 | 2.13%0.51 3.27+0.48 | 1.73+0.25 3.67+0.27 3.2240.31 3.52+0.24 5.14+0.81 3.61+0.12 1.10+0.41

TiO2 (wt/ %) 0.61+0.05 | 0.41+0.02 0.48+0.04 | 0.58+0.01 0.68+0.03 0.52+0.03 0.72+0.02 0.70+0.01 0.43+0.01 0.34+0.03
V (ug.g?) 80+4 9610 78+7 108+12 108411 10948 61+7 68+12 73+4 108+7

Cr (ug.g") 33345 25048 217+3 349+8 337+4 302+7 2765 31147 31943 237+4
Mn (nug.g1) 1288422 727%16 537+14 1078+29 824+17 562+18 819+23 678428 693+24 1197+19
Co (ug.g") n.d. n.d. nd. n.d. n.d. 36+3 nd. n.d. n.d. n.d.
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Ni (ug.g?) 338+7 2719 24345 319+1 34743 295+4 2346 34548 350+1 26845
Cu (ug.g") 5942 87+4 118+7 12747 74+4 765 78+5 120+8 117+10 102+7
Zn (ug-g") 164+7 338+12 422415 | 38116 213+9 175+6 306+9 350421 473+15 441419
As (ug.g") 30+2 58+4 59+1 3716 106+5 64+2 4342 4243 51+4 170+12
Table 5. PXRF analyses of the white paints of the vases (the results are the mean of n=3)
White Paint SP1 RP LP2 LGP AP ANP
(n=3)

CaO (wt/ %) 9.91+0.29 8.05+0.30 9.97+0.23 6.93+0.11 7.99£0.37 4.27+0.12

TiO2 (wt/ %) 0.58+0.02 0.70+0.01 0.58+0.05 0.63+0.01 0.62+0.04 0.47+0.03

V (ug.g") 10611 70+7 739 103+7 85+13 60+3

Cr (ug.g") 285+16 258+21 242+14 313+4 297+28 17611

Mn (ug.g) 59921 882+19 1112419 73318 727422 1027+15

Co (ug.g") 74+2 76+2 99+7 3943 7045 65+2

Ni (ug.g) 325+13 328+18 235+13 352+18 332+19 19448

Cu (ug.g) 60+9 63210 58+6 88+7 53+5 50:+4

Zn (ug.gY) 185+14 18617 346+14 41149 451427 418+15

As (ug.g") 4643 7148 3444 4549 4043 79+4

3.1. Body and thermal properties of vases, even for fine wares,

Figure 1 presents the body clay data classification
by PCA and elemental variables for principal compo-
nents 1 and 2. The concentrations of Fe;Os of the body
are found similar for all the vases (Table 2). However,
CaO contents are different, the lowest for the kylix by
RP and the highest for the louterion by SP1. This dif-
ference could be considered natural with respect to
the size of the vases. It is known that the mechanical
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can be modified using additives such as calcite (Mani-
atis et al., 2009). TiO. contents are also similar, which
range between 0.65 and 0.97 wt%. V and As exhibit
variability between the vases. The reason for V varia-
tion in the clay paste of the body could be due to sur-
face irregularity, as explained by Liritzis et al. (2020).
Although there is no obvious group separation is de-
tected, interestingly, LP2 is distinguished from the re-
maining by its lower TiO, and Cr contents.
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Figure 1. Bivarite plot of PCA using (a) body data and (b) score and loading plot for principal components 1 and 2.

3.2. Black Gloss

For the black gloss, FexO3 concentrations are rela-
tively higher than the body (Table 3). The CaO con-
tents of the vases are generally lower in black gloss
than the body, as expected. The average concentration
of Ca in black gloss was estimated around 1% for Ar-
chaic pottery (Aloupi and Maniatis, 1990; Maniatis et
al., 1993; Maniatis et al., 2009). TiO; contents of black
gloss layers are also found to be lower than the body
except for RP. Previous studies mentioned elevated

levels of Zn in black gloss, which could be related to
the special preparation process or using a different
clay source for the slip material (Walton et al., 2015;
Chaviara and Aloupi-Siotis, 2016). In this study, the
same situation is observed except for the vases LP2
and RP. Meantime, an enrichment of V is also calcu-
lated for the black gloss layers (Table 3). The elevated
V concentrations in the black pigments were likewise
found in a study on pigments in the decorations on
the Cypro-Geometric and Cypro-Archaic ceramics
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(Shoval and Gilboa, 2015). On the other hand, the var-
iation observed on the body is not detected for the
gloss layer; V concentration is between 112-163 pg/g.
Figure 2 shows PCA applied for the data set from the
black gloss. The black gloss layer of LP2 seems to be

Black Gloss
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3
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T 2
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£ Cs0
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o 1 7 Ti0 L]
3 L
8 . P
g o e
. 7 \\ﬁ
™ % e
1 g Y
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distant from the remaining as its body clay (Fig. 5a).
No clear distinction between the black gloss layers
could represent the clay mixture for the slip was pre-
pared according to a straightforward process.

Black Gloss
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i
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Figure 2. Bivarite plot of PCA using (a) black gloss data and (b) score and loading plot for principal components 1 and 2.

3.3. Dark Red Paint

An increase in the iron concentrations character-
izes the dark red areas compared to the correspond-
ing ceramic bodies and the black gloss layers. How-
ever, since the instrument calibration was adjusted to
lower concentrations and the focus of the study is on
the trace element compositions, the Fe;O3 concentra-
tions are accepted as found in other studies around
30-55 wt% (Mastrotheodoros et al., 2013; Mitri et al.,
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2006). As assumed, concentrations of CaO are lower
than the body, however, higher than the black gloss.
TiO; contents are similar to the corresponding black
gloss layers. The high LOD of cobalt is due to the
strong interference with iron since, in the dark red
layers, the concentration Fe;O; is larger than the con-
centrations in the ceramic body and black gloss. The
Mn content varies between the vases, and the highest
Mn concentrations are found in dark red layers of GP
and KYP (Table 4).
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Figure 3. Enrichinent diagrams of the 10 vases showing Zn fraction in the body versus for the black gloss (a) and the
dark red layer (b) (Color code NNMEEENEN-SP, GP, KY, LP, RP, AP, ANP, LGP).

Surprisingly, elevated Zn levels are also observed
for dark red layers of the vases as for the black glosses.
The enrichment-depletion plots of Zn are shown in
Figure 3 (Walton et al., 2009). In the case of vases LP2
and RP, CaO and Zn concentrations are similar in
black gloss layers compared to the ceramic bodies
(Fig. 6). The coarser morphology and the reddish hue

on the black glosses of these vases can be observed in
Figure 4. The effects of calcareous clay on the final
color were explained by Maniatis et al. (2009), and the
elevated levels of CaO + MgO in coral red slips were
investigated by Walton et al. (2009). Nevertheless, the
larger CaO measurements could be due to the thick-
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ness of the layer and accordingly due to the contribu-
tion from the body during the analysis or to heterog-
onous distribution of Ca (Foster et al. 2011). The ele-
vated Cu levels are also determined for dark red lay-
ers for some of the vases.

Figure 5 plots the scores and the loadings on the
dark layers of vases on the first two principal compo-
nents. Although the number of vases is limited, three
major compositional groups appeared on the first two
components (Fig. 4). One group (3 vases) is defined
by high amounts of As, another one (4 vases) is
marked by the lower amount of Zn and Cu. On the
other hand, the third group (3 vases) is high in Zn and
Cu. The large positive loading for Zn and Cu in the
PC2 has seem to be in accordance with the data pro-
vided by Shoval and Gilboa (2015) for the red paints.

They described the larger concentrations of Cu and
Zn in red paint pigments that were considered as as-
sociated with “red ferruginous pigment ore.” A study
by Popelka-Filcoff et al. (2007) was on the determina-
tion of variation in the element patterns of ochre from
iron oxide sources to understand the differences bet-
ter. Their results provided the information that using
a combination of the Pearson’s two-tailed correlation
test and multivariate statistics for characterizing
ochre were discriminative for the pigments. Elements
that were found significantly positively correlated
with Fe included V and Cu, although they indicated
that these elements might not be universal for other
sources. Moreover, they employed neutron activation
analysis (NAA) on homogenous samples.

d

Figure 4. Details of the vases RP (a) and LP2 (b) for the black gloss and details of red paints of KYP and GP on the ko-
mast figure (c) and the lion (d).
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Figure 5. Bivariate plot of PCA using (a) red paint data with each case marked with same symbol if it was made by the
same painter and (b) score and loading principal components 1 and 2.

3.4. White Paint

White paint layers are found on the decorations of
the vases SP1, RP, LP2, AP, LGP, and AP. These layers
have a yellowish-white tone combined with a rough
surface, although the thickness could be different in
each vase (Fig. 4a). In terms of element compositions,
the CaO contents of the vases show varieties, and
trace element patterns generally show different be-
haviours (Fig. 6). Enrichment of Zn for the white paint
is also observed as in the other painted layers for the
vases. According to studies on white pigment, it was
determined that Ca or Mg clays were used as white
pigments in the various local workshops in a wide pe-
riod (Ferrence et al., 2002; Mastrotheodoros et al.,
2013). However, a clear distinction between different
workshops could not have been assigned regarding
the MgO and CaO contents of white paints (Mastroth-
eodoros et al., 2013). In this study meantime, vases
with white decorations by the same painter were not
available for investigation; still, it is important to ob-
serve Zn enrichment for the white layers as well.

3.5. Identification of The Painter

Figure 6 represents the trace element patterns of
black gloss, dark red, white paint layers, and corre-
sponding body clay pastes of the vases. Paint and
body clay pastes show similar patterns, however, dif-
ferent levels of Zn enrichment. Recent theories on the

preparation of black gloss suggested selecting a dif-
ferent clay source, particularly for the slip material or
using the body clay after the levigation process.
Chaviara and Aloupi-Siotis (2016) argued different
clay sources were used for the slip material because
Zn concentrations and Zn/Ti ratios in black gloss
were in accordance with the specific clay sources from
five different locations. They also suggested the pres-
ence of calamine mineral in the natural clay could
transform to Zn(OH), during the levigation, and “The
natural presence of soluble Zn salts could also ac-
count for the significant variation of Zn observed in
the ancient samples” (Chaviara and Aloupi-Siotis,
2016). Walton et al. (2015), on the other hand, con-
cluded that similar rare earth element (REE) patterns
of black gloss and ceramic body except for Ce anom-
aly suggested the same origin for the clay of body and
black gloss.

The negative correlation of Zn and CaO in the black
gloss layers (Fig. 2) may indicate the elevated Zn lev-
els in black gloss were related to the levigation proce-
dure as Walton suggested (2015). On the other hand,
the elevated V and Cu levels in the black and red lay-
ers, respectively, could indicate either different
sources for each paint material or different treatments
for the same slip material, including the refinement of
the clay and pigment addition to obtaining red, white,
and black colors
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Figure 6. The element patterns of the trace elements (represented as ug.g-1) of the ceramic body and corresponding black
gloss dark red and the white paints of each vase (data from Tables 2-5).

The grouping of the dark red paints could be either
intentionally by the painter or accidentally, even
though the vases worked by the same painter,
Sophilos and Lydos, were assigned to the same
groups (Fig. 5a). On the other hand, the X-ray pene-
tration to the body clay paste or the black gloss (since
the red or white color was applied onto the black
gloss) could affect the measurements by interference
with the underlying material. To understand if the
variables were skewed by the interaction, PCA was
used for the data obtained from body and the corre-
sponding dark red and black gloss layers for each

vase. In Figure 7, body clay pastes of the vases are dis-
tinguished due to their high score in the first compo-
nent. Meantime, Zn has large negative loadings on
the first component. Therefore, black gloss and dark
layers are separated from the body clay due to higher
values of Zn. The second component has a large pos-
itive loading for the Cu (Fig. 7b). Because of this the
dark red paint from the black gloss can be recognized
by its higher Cu value. Therefore, even though we
could not eliminate the possibility of interaction, we
conclude that the body and painted layers present a
clear distinction that was not dramatically influenced
by underlying layers.
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Figure 7. Bivariate plot of PCA using (a) body and corresponding painted layers data of each vase and (b) score and
loading principal components 1 and 2.

Since Zn content is emerged to be significant,
Zn/Ti ratios of the body, black glosses versus dark
layers are plotted to test its efficiency for the charac-
terization of the painter. Fig. 5b presents similar
chemical compositional signatures, as the PCA ap-
plied for the dark red paint. However, AP and KYP
can be recognized as separate vases on the 3D scatter-
plot. When we consider dark red paint and black
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gloss together, SP1-SP2 and LP1-LP2 exhibit con-
sistent values, although the vases by Lydos have
slightly different ratios for the body (x-axis). The sim-
ilarity of the vases by Sophilos is significant since
there were some disagreements about whether SP1

was a work of Sophilos or his manner (Brownlee,
2013; Bakur, 1981).
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Figure 8. 3D scatter plot of Zn/Ti values in body, black gloss vs. dark red paint.
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4. CONCLUSION

The results obtained by the presented study sug-
gest that it may indeed be possible to verify the attrib-
ution studies by elemental analysis and identify the
characteristics of the vase painters based on the com-
position of clay mixtures. The elevated Zn levels in
each painted layer and the higher V-Cu contents in
black gloss and dark red paint may indicate a special

by the same painters could indicate that the painters
were also responsible for the qualification of the pig-
ments as for the paintings. We have established that
Zi/Ti ratios could be discriminating features for the
painters. It is important since even for the vases at-
tributed to the specific painters, there could be some
disagreements between scholars. However, we
should investigate other vases by the same painters
and include the determination of iron concretions in

treatment to the same clay mixture to achieve the de-
sired color and quality, such as adding pigments
and/or refining the clay. The groupings of the vases
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APPENDIX 1 - CATALOGUE
1. GP

Inventory number: 5811

Dimensions: Height 11 cm, rim diameter: 4 cm, foot diameter: 4 cm
Form: Olpe

Painter: Gorgon

The vase from Candarl (Pitane) is on the exhibition in Izmir Archaeology Museum. There is a lion depicted
on the front. Characteristic detail of teeth made by incision indicates the work of Gorgon painter. Tuna Norling
attributed the vase to Gorgon painter (1995).

2.5r1

Inventory number: 3332
Dimensions: Height 71 cm.
Form: Lebes Gamikos
Painter: Sophilos

The vase is on the exhibition in [zmir Archaeology Museum. It was found at the excavations in Smyrna. Lebes
Gamikos is a term that was created by the combination of the word 'Gamikos', which means marriage, and
'Lebes', and therefore it was defined as a marriage bowl. The vase attributed to Sophilos by Bakir (1981, no.
A21).

The body is divided into five friezes.

Body 1: floral, rosettes

Body 2A: The wedding of Helen and Menelaos. Helen is accompanied probably with Meneloas in the first
chariot and in the second are Kastor and Polydeukes.

Body 2B: floral, lotus palmette cross between

Body 3: Animal frieze, lion and siren

Body 4: Animal frieze, lion, boar and siren

3.SP2

Inventory number: 9537
Dimensions: Height 30 cm.
Form: Louterion

Painter: Sophilos

The vase form Phokaia is on the exhibition in izmir Archaeology Museum. Although it is incomplete on the

spot side, it appears that this side was decorated with two confronted sphinxes and the other side with con-
fronted a lion and a boar. It was attributed to Sophilos painter by Bakir (1981, no. A19).
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4. KYP

Inventory number: 5662

Dimensions: Height 9 cm, rim diameter: 20 cm, foot diameter: 7 cm
Form: Louterion

Painter: KY painter

This kylix is on display in Izmir Archaeology Museum. It was found in Pitane-Candarli excavations. The vase
was attributed by Tuna Norling to KY painter (1995).
Decoration A, B: Komos, draped men dancing (3 figures on each side)

5.RP

Inventory number: 13753
Dimensions: Lip diameter: 20 cm
Form: Siana kylix

Painter: Rhodes 12264

This Siana kylix is on display in Izmir Archaeology Museum. It was found in Smyrna excavations. On both
sides, the same scene is depicted. This kylix is similar to the works of Rhodos 12264 group (Tuna-Norling).
Decoration A, B: Chariot race

Tondo: Gorgon head

6.LP1

Inventory number: 8089
Dimensions: 16 cm, width: 15 cm.
Form: Oinochoe

Painter: Lydos (?)

It is on exhibition in Izmir Archaeology Museum. The style of the figures and the scene indicate that the vase
is a work of Lydos.
Decoration: Youth, bird, horseman, sitting man

7.LP2

Inventory number: 4889

Dimensions: Height: 17cm, foot diameter: 6 cm
Form: Oinochoe

Painter: Lydos (?)

The oinoche from Candarl (Pitane) excavations is on the display in Izmir Archaeology Museum. The style of
the figures suggests that the vase is a work of Lydos.
Decoration: Two confronted swans, lotus palmette cross between

8. LGP

Inventory number: 8090

Dimensions: Height: 18 cm

Form: Lekythos

Painter: Leargos Group (?)

The vase is exhibited in izmir Archeology Museum. The style of the figures and the scene indicate that the
vase belongs Leargos Group.

Decoration: Two warriors between onlookers

Shoulder: Siren between two roosters
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9. AP

Inventory number: 12456
Dimensions: Height: 44 cm
Form: Amphora

Painter: Affecter (?)

The vase is on the exhibition in Izmir Archeology Museum. One side is incomplete, only lower leg of a warrior
is preserved. The style of the figures and the scene indicate that the vase could be attributed to Affecter Painter.
Decoration A: Two warriors, two female on both sides

10. ANP

Inventory number: 16582
Dimensions: Height: 19 cm
Form: Lekythos

Painter: Antimenes (?)

The vase from Gryneion is displayed in Izmir Archeology Museum. The style of the horse and the scene indi-

cate that the vase is a work of Antimenes Painter.
Decoration: Horseman between two warriors and by-siders.
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