
C

B
p

L
M
a

b

c

d

A
R
A
A

1

i
p
m
p
c
m
o
t
r
[

e
o
c
w
m
r
r
i

a
k
c

O

1

Journal of Cultural Heritage 43 (2020) 242–248

Available  online  at

ScienceDirect
www.sciencedirect.com

ase  study

uilding  a  step  by  step  result  in  archaeometry.  Raw  materials,
rovenance  and  production  technology  of  Apulian  Red  Figure  pottery

orena  Carla  Giannossaa,d,  Italo  Maria  Muntonib, Rocco  Lavianoc,d,  Annarosa
angonea,d,∗

Dipartimento di Chimica, Università Aldo Moro, via Orabona 4, 70126 Bari, Italy
Soprintendenza Archeologia, Belle Arti e Paesaggio per le Province di Barletta – Andria – Trani e Foggia, Via Alberto Alvarez Valentini, 8, 71121 Foggia, Italy
Dipartimento di Scienze della Terra e Geoambientali, Università Aldo Moro, via Orabona 4, 70126 Bari, Italy
Centro Interdipartimentale Laboratorio di Ricerca per la Diagnostica dei Beni Culturali, via Orabona 4, 70126 Bari, Italy
a  r  t  i  c  l  e  i  n  f  o

rticle history:
eceived 25 June 2019
ccepted 7 November 2019
vailable online 10 December 2019
. Introduction

One of the most interesting issues in the archeological field
nvolves the identification of places where archeological finds were
roduced and the production technologies which were used to
ake them. The answer to these questions can undoubtedly be

rovided by a systematic archaeometric study, which by providing
ompositional and structural information about bulk and surfaces,
ight make it possible to recognize the manufacturing processes

f ancient objects and to help solve the larger question regarding
he provenance of raw materials. However, this approach has only
ecently growing significance in the overall archeological research
1–5].

In this regard, the case of Apulian red figure pottery is
mblematic. Historically, interest in this class has been exclusively
f a stylistic-typological nature, and only based on stylistic-
omparative criteria [6–8], provenance, dating, painters and
orkshops have been assessed. For more than 50 years, this
ethodology influenced archeological studies and results were

ecognized almost uncritically. In the end, although this kind of
econstruction is undoubtedly valuable, it also displayed many lim-
ts.

The technological features of Apulian red figure pottery have

lso so far received little attention, since this class acquired
now-how coming from Attic pottery, and has been incorrectly
onsidered up to now as a mere “imitation”.

∗ Corresponding author at: Dipartimento di Chimica, Università Aldo Moro, via
rabona 4, 70126 Bari, Italy.

E-mail address: annarosa.mangone@uniba.it (A. Mangone).

https://doi.org/10.1016/j.culher.2019.11.002
296-2074/© 2019 Elsevier Masson SAS. All rights reserved.
As regards this class of ceramics, many questions remain unan-
swered. A focus on the 4th to 3rd century BCE with its increasing
and diversified production raises some important issues. During the
proto-Apulian period, workshops organization was well arranged
and complex (more craftsmen could work on a single vase, appren-
tices could co-work with the main painter, production could be
diversified). This kind of management continued up to the next
century, but in the Late period production increased and differences
between low-quality mass production and excellent artistic items
became more evident. The most interesting issue to be answered
deals with the identification of the workshops, especially for the
Middle and Late periods, when production increased. The most
likely theory accepted so far hypothesizes that a transitory trans-
fer of expert craftsmen and artists took place from Taras (Taranto)
to the wealthiest Apulian villages, the most interested in acquir-
ing such expertise, at least for the most prized pottery pieces. Then
these became branch centers of production outside the main polis
(city). However, the production of items of minor importance for
local use was  arranged locally. Vessels both of a very different size
and formal/iconographic quality are found together, but does this
diversification depend on what the item was to be used for (daily
use, burial, etc.) and/or on who  it was made for?

1.1. Archeological framework

The materials analyzed come from Arpi (Foggia), where,

between 2011 and 2012, excavations for the recovery of three
distinct hypogea, which had previously undergone a clandestine
excavation, were carried out by the Superintendence in collabora-
tion with the Guardia di Finanza of Foggia. The most interesting

https://doi.org/10.1016/j.culher.2019.11.002
http://www.sciencedirect.com/science/journal/12962074
http://crossmark.crossref.org/dialog/?doi=10.1016/j.culher.2019.11.002&domain=pdf
mailto:annarosa.mangone@uniba.it
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rea concerned small farm ONC28, where numerous findings from
 Hellenistic settlement were found. They include a peristyle domus
ith mosaic floors made of pebbles from the second half of the 3rd

entury BC and a peristyle domus, with mosaics of “griffins and
anthers” and “dolphins”, dating back to the end of the 4th to 3rd
entury BCE. Excavation made it possible to identify a grotticella
omb oriented in a north-south direction. The conservation state
f the grotticella tomb was badly affected by previous clandestine
xcavation carried out with mechanical means, so as to make it
ifficult to reconstruct the architectural structure of the complex.
he recovered finds, dated to the 4th to 3rd century BCE, consist
f a Gnathia monoansed cup and many fragments of Apulian red
gure, tempera with polychrome decoration pottery, Daunian sub-
eometric ceramic, overpainted black paint ceramic and cooking
are.

The excavation area had been identified by the Guardia di
inanza, based on independent investigative activities related to
riminal affairs which a few months beforehand had led to the
eizure of a group of Apulian red figure vases made using a high-
uality manufacturing process in an excellent state of preservation.

Decoration of the vases is typical of the “ornate” style, devel-
ped in the second half of the 4th century BCE in Apulia and
ater widespread throughout Magna Graecia. On all the vases the
rnamental richness of the vegetables is evident, enhanced by the
plendor of the colors used.

The recurring decorations for these vases, with the image of a
aìskos on one side and with a stele on the other, indicates mass
roduction, which makes it very difficult to attribute the work to
ne specific painter in particular. Although an archeological study
f the vases is still in progress [9], it has been possible to dis-
inguish at least three groups, corresponding to three workshops
hich were connected to each other and active between 340 and

20 BCE.
These vases – 8 volute craters (C1–C8), 5 amphorae (A1–A5) and

 hydrìai (I1–I5), escaped illegal export, and testify to the economic,
ultural and social changes that affected Arpi, when Alexander the
olossus, king of Epirus and uncle of Alexander the Great arrived

n southern Italy.
Systematic archaeometric studies on Apulian red figure pottery

re quite recent [10–17], and few of these were carried out on exca-
ation finds. Archaeometric research has highlighted the existence
f a parceled production and the use of two different production
echnologies, during the 4th century BCE [5,13,14]. Certain vases
ere produced using Attic technology [18–27] and others with a
ifferent technique, recently reported in literature [5,13,14] and
ever highlighted in Attic items, which involved the application of

 red engobe layer on the clay paste, before the black gloss paint-
ng. Causes that led to this change in production are not yet clear.
reviously, it had been suggested that a production variation had
ccurred due to the need to employ a more suitable material to
anufacture larger vases. However, further research points to an

conomic reason since this “new” production involved the use of
ess refined raw materials and a consequential cheaper cost for the
uyer, which was probably a good compromise for less wealthy
ostumers.

. Experimental

Some analyzed samples are shown in Fig. 1. C1–C7, A1–A5, I1–I5
re sampled by seized vases, F1–F4 are fragments coming from

he ONC28 Tomb. As concern C3, C4 and C8 vases, two  or three

icro-samples (few square millimeters) were collected from dif-
erent areas of vases to check if chemical and minero-petrographic
ifferences among their ceramic bodies are much smaller than
al Heritage 43 (2020) 242–248 243

differences with ceramic bodies of objects sampled from different
vases.

The samples were studied with polarized-light Optical
Microscopy (Carl Zeiss), Scanning Electron Microscopy (EVO-
50XVP [LEO]) with Energy Dispersive Spectrometry (Oxford-Link
EDS), Powder X-ray diffraction (Philips X’Pert) and Inductively
Coupled Plasma Mass Spectrometry (PerkinElmer Elan 9000). The
analytical procedures are described in Ref. [5].

3. Results

3.1. Ceramic bodies

The compositional data of the bodies obtained (Table 1) were
treated with Hierarchical Cluster Analysis and Principal Component
Analysis. Multivariate statistical analyses of elemental composition
were applied to distinct and correlated groups of items, aimed, for
instance, to assign pottery of an unknown provenance or to define
an archeological classification [16,28–30].

The software package Minitab® was  applied on compositional
and standardized data to perform the multivariate statistical treat-
ment. Results are reported in Fig. 2 (a and b). Fig. 2a shows both
the great similarity of samples belonging to the same vase (C3, C4
and C8) and the wide compositional diversity of the C2, C7 and I3
samples.

To verify if the compositional differences highlighted for sam-
ples C2, C7 and I3 are to be attributed to a different manufacture
or to a different provenance, multivariate analysis was extended
to the compositional data of the coeval red figure fragments from
other sites of Apulia – included finds coming from another tomb
from Arpi which we  had previously analyzed [31]. Obtained results
(Fig. 2b) substantiate the archeological hypothesis of a local pro-
duction of red figure pottery in Apulia in the Late period, with
a proliferation of manufacturing locations. Indeed, the outcome
of the treatment highlights the formation of three macrogroups
of objects, distinguished according to different geographical areas
(Peucetia, Messapia and Daunia), which characterized ancient Apu-
lia, so supporting the presence of polycentric production. Moreover,
the placement of samples C2, C7 and I3 in Daunia and in particular
in Arpi samples cluster suggests that their diversity is due to a dif-
ferent place of manufacture (workshop) rather than to a different
provenance.

The results of minero-petrographic investigation show that,
except samples C2, C7 and I3, the pastes are characterized (Fig. 3)
by a very fine quartz-feldspathic silt with micas (muscovite, biotite
and Ca-rich micas) in an abundant matrix of highly sintered clay
(2–4 �m).  Alkali feldspars, plagioclases, Fe-oxides and hydroxides,
ilmenite, rutile and very small Ca-phosphate crystals (recrystal-
lized hydroxyapatite?) can be also observed. Clay matrix shows a
such amount of calcium to justify, in presence of suitable temper-
atures, the crystallization of neo-formed minerals like pyroxenes
and gehlenites as highlighted in Table 2. The sintering degree is
high (Fig. 3) and micas and pores were parallel orientated to the
walls of the pottery wares. F1, F2, F3 and F4 samples (Fig. 3) are
very similar to these samples. (The presence of Ca-phosphate in
some open pores of the ceramic bodies demonstrates its post depo-
sitional nature, probably associated to the human bone dissolution
in the tomb, suggesting even similar burial conditions [32,33].)

A very small amount of clayey matrix instead characterizes
samples C2, C7 and I3 (Fig. 3). Differences with the other sam-
ples can also be identified in the paste texture (quantity and

dimension of coarse inclusions). Indeed, a large amount of coarse
grained silt (16–63 �m)  and a consistent amount of very fine sand
(63–125 �m)  can be recognized. The non-plastic inclusions con-
sist mainly of quartz, feldspars (alkali feldspars and plagioclase),
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Fig. 1. Representative ex

icas (muscovite, biotite and Ca-rich micas) and clusts of carbon-
tic rocks (limestone). Secondary calcite, formed during burial, is
lso observed. The sintering degree is medium-low (Fig. 3).

In Table 2 we report the semi-quantitative mineral content
y XRPD analyses of representative samples and also sintering
egree, according to the samples’ mineralogical features. Relevant
roduction technology indications can be obtained from Table 2.
he mineralogical paragenesis of neoformed minerals, pyroxenes
nd gehlenites, together with sintering degree allow to state the
stimated Equivalent Firing Temperatures (EFT) [35,36]. The EFT
s 1000–1100 ◦C for all samples and in the range between 800
nd900 ◦C for samples C2, C7 and I3.

.2. Coatings

.2.1. Black gloss

The black gloss present on all analyzed samples shows the same

ompositional and structural characteristics of the black gloss of
ll samples of Apulian and Attic red figure pottery analyzed so far
5,13–15,21,31].
s of the vases examined.

3.2.2. White overpaintings
The characteristics of the white overpaintings are the same as

all the white overpaintings analyzed up to now on Apulian red fig-
ure pottery [37]. Kaolinite, with albite and k-feldspars added as
low melting, were probably raw materials used [38]. In this case,
the presence of albite and k-feldspars indicate a voluntary addition
by craftman. Indeed, kaolinite is formed by a complete alteration
of igneous and sedimentary rocks that leads to an almost total
destruction of silicate minerals [39].

3.2.3. Yellow overpaintings
The samples’ yellow areas are of two  types. In addition to the

typical yellow overpainting found on Apulian and Attic pottery
[21–37] -compact and vitrified with transitional characteristics
between black gloss and white pigment, on the Arpi samples
another kind of yellow with different characteristics in terms of
texture, sintering degree and chemistry is found (Fig. 4). Its struc-

ture is not very compact, scarcely vitrified and structurally similar
to white pigment, from which it is distinguished by the presence
of small quantities of iron. These data are consistent with the use
of kaolin added with small amounts of iron oxides.
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Table  1
Chemical composition and vase shape of the samples analyzed.

Sample Vase shape Element concentration

w/w, % �g g−1

Al Fe K Mg Ca Ti Na Ni Sr Cr Mn V Zr

C1 Crater 10.07 5.63 2.72 1.48 8.34 0.54 0.98 74 266 160 1059 225 170
C2  Crater 10.62 4.07 2.82 1.36 10.37 0.41 1.64 70 318 120 673 158 70
C3  1 Crater 10.30 5.25 1.3 1.45 8.38 0.49 1.19 61 324 150 1278 297 145
C3 2 Crater 10.62 5.09 1.35 1.43 8.75 0.52 1.20 68 313 136 1289 275 152
C3 3 Crater 10.67 5.22 1.42 1.50 7.98 0.54 1.30 62 299 149 1300 280 156
C4  1 Crater 9.70 5.27 2.33 1.48 8.71 0.51 1.08 70 242 139 932 196 103
C4  2 Crater 9.62 5.20 2.47 1.50 9.08 0.54 0.96 68 266 147 946 220 99
C4  3 Crater 9.66 5.15 2.39 1.44 8.74 0.51 0.99 66 282 144 898 232 113
C5  Crater 10.26 5.53 2.68 1.66 7.98 0.53 0.98 73 274 158 1033 215 116
C6  Crater 9.86 5.38 2.89 1.54 8.75 0.51 0.96 73 266 148 928 198 105
C7  Crater 10.03 4.11 2.22 1.20 9.85 0.40 1.38 75 299 179 685 54 22
C8  1 Crater 9.95 5.29 2.83 1.59 9.03 0.50 1.10 64 262 149 930 190 160
C8  2 Crater 9.78 5.30 2.95 1.50 8.46 0.52 1.00 62 270 147 926 206 164
A1  Amphora 9.17 5.01 1.98 1.39 8.06 0.51 1.22 74 261 113 930 186 109
A2  Amphora 9.42 5.11 2.50 1.44 7.84 0.52 0.77 70 268 147 808 213 146
A3  Amphora 9.32 5.71 2.49 1.40 8.65 0.50 1.12 60 253 197 929 205 145
A4  Amphora 10.25 4.97 1.91 1.32 7.37 0.51 0.80 57 260 139 752 198 121
A5  Amphora 9.59 4.95 2.42 1.45 7.70 0.52 1.24 56 314 52 1009 241 160
I1  Hydria 9.77 5.06 2.88 1.39 7.42 0.53 0.99 54 287 134 950 259 157
I2  Hydria 10.74 5.54 3.52 1.55 6.52 0.56 1.19 58 313 126 971 234 145
I3  Hydria 9.01 3.53 2.03 1.11 8.64 0.38 1.64 60 288 87 613 133 83
I4  Hydria 9.09 4.92 2.60 1.35 7.56 0.51 0.94 85 273 137 933 217 148
I5  Hydria 13.19 4.87 2.28 1.39 8.84 0.52 1.24 61 323 50 781 213 144
F1  Fragment 9.57 5.08 1.44 1.37 7.83 0.52 1.33 72 307 152 959 219 130
F2  Fragment 10.00 5.28 1.74 1.44 8.02 0.54 1.51 77 316 161 1051 254 144
F3  Fragment 10.27 5.19 2.36 1.49 7.87 0.53 1.67 73 323 54 924 227 136
F4  Fragment 11.49 5.04 2.80 1.39 7.87 0.51 0.83 59 252 133 1018 249 158
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ig. 2. (a) Hierarchical clustering dendrogram by complete linkage method with Eu
rst  three principal components related to the ceramic bodies of Apulian red figure
lusters: (A) finds from 5/2005 and ONC28 tombs from Arpi, (B) finds from Taranto

.2.4. Red overpaintings
The red overpainting on all the analyzed samples shows a het-

rogeneous, coarse-grained structure in which large aggregates of
ron oxides are visible (Fig. 4). These characteristics, together with
he average chemical composition of this layer, are compatible with
he use of terre rosse, continental sedimentary layers, very com-

on  in Apulia. The mineralogical composition consists of mostly
artially crystalline Fe and Al oxides and hydroxides, clay min-
rals (illite and kaolinite) and traces of quartz, feldspars, micas,
yroxenes and other minerals [40].

These compositional and structural characteristics are different
rom the red overpaintings of samples of Apulian red figure pottery
nalyzed so far [37].
.2.5. Light brown overpaintings
The light brown pigment is used to give three-dimensionality

o the architectural elements of the naiskoi. Its structure is com-
act and vitrified, structurally similar to black gloss. However, its
an distance metric of autoscaled variables. (b) Scores and loadings diagram for the
ry from different Apulian sites. The accounted variance is 70% of the total variance.
C) finds from Monte Sannace, Altamura and Conversano.

composition shows a lower Fe and a greater Ca content, as com-
pared to black gloss.

4. Conclusions

The obtained results indicate that the differences found for some
vases of the analyzed sample are due to a different manufacture and
not to a different provenance.

With the exception of the samples C2, C7 and I3, for all the sam-
ples taken from the ONC28 tomb, results suggest the use of a very
accurate manufacturing process, from the choice of raw materi-
als to the refining, making and firing of the vase. This hypothesis
is supported by the small dimension of inclusions – indicative of
the use of a refined clay, by the high sintering degree – indica-

tive of a high firing temperature being employed for a long time
– and by the orientation of the micas and the pores to walls of
the pottery wares – indicative of a very accurate throwing and
turning.
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Fig. 3. Top clockwise: SEM-BSD photomicrographs of ceramic pastes of samples: A2 (a), C7 (b), I3 (c), F2 (d). Bottom: SEM-BSD photomicrographs of ceramic pastes of
samples A3 (e), I3 (f) and F1 (g), showing their sintering degree. Dotted circles highlight pastes characterized by a very fine quartz-feldspathic silt with micas.

Table 2
Semi-quantitative mineral content, by XRPD, of representative samples and estimated maximum firing temperature (EFT).

sample Non-plastic inclusions EFT (◦C) Sintering

Ms  + Bt Qtz Kfs Pl Cal Px Gh Hem

A5 Tr XXXXX XXX XX Tr XX Tr X 1000–1100 H
C1  Tr XXXXX XXXX XX X XX – X 1000–1100 H
C2  Tr XXXXX XXX X – X X Tr 800–900 M
C3  – XXXXX XXX X XX XX X X 1000–1100 H
C5  – XXXXX XXXX XX Tr XX Tr X 1000–1100 H
C6  – XXXXX XXXX XX Tr XX Tr X 1000–1100 H
C7  – XXXXX XXX X X X X X 800–900 M
C8  Tr XXXXX XXXX XX Tr XX Tr X 1000–1100 H
I1  Tr XXXXX XX X Tr XX X X 1000–1100 H
I2  Tr XXXXX XX X – XX – X 1000–1100 H
I3  – XXXXX XXX X XXX X Tr X 800–900 L
I4  – XXXXX XXX X X XX Tr X 1000–1100 H
I5  – XXXXX XXX X X XX X X 1000–1100 H

K feldsp
fi igh; M

o
s
t
o
p
a
u
g
c
w
v
s

ey: Ms  = muscovite; Bt = biotite; Qtz = quartz; Cal = calcite; Pl = plagioclase; Kfs = k-
ring  temperature. tr, traces; X-XXXXX, relative abundance. Sintering degrees: H, h

With regards to the decorations used, the high artistic quality
f the vases [9] is associated with extreme care being taken in the
earch for the most suitable raw materials and their conscious use
o create three-dimensional effects and to make the different types
f brightness found on the materials. This is the case of yellow over-
ainting, for which two pigments, with different covering power
nd brightness, have been employed. One is vitrified, glossy and is
sed to outline the contours and to paint weapons (helmet, armor,
reaves, shields, lance and sword), the second is opaque with low

oloring power and is used to make the lightness of the fabrics
ith which some clothes are made. Or the case of the brownish,

itrified and glossy color, used to make the 3D of the architectural
tructures.
ar; Px = pyroxene (diopside); Gh = gehlenite; Hem = hematite [34]. EFT, equivalent
,  medium: L, low.

Moreover, the obtained results confirm the hypothesis of a local
production for late Apulian red figure pottery [31,41] and begin to
highlight a differentiation of production according to the client’s
social rank. Indeed the archeological study of vases from Arpi ana-
lyzed so far, all coming from tombs referable to aristocratic classes,
has confirmed that there was  an increasing number of socially high-
ranking clients for red figure vases from the second half of the 4th
century BCE in Arpi, in towns such as Canosa and in the other towns
in the Daunia area (i.e. Ascoli Satriano). This is testified by the grave
goods found in previously investigated tombs in Arpi – the Niobidi
tomb [42], the 5/2005 tomb [31], the ONC28 Tomb and the Tomb

of glass. Unfortunately, neither the ONC28 nor the Tomb of Glass
were intact due to clandestine excavations.
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