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Although research on archaeological sites in 
Western Asia Minor has mainly focused on the 
Greco-Roman periods, the later, Medieval and 
post-Medieval, contexts gradually tend to be both 
better documented in the archaeological record 
and better studied for its pottery.1 In parallel, the 
development of archaeometric research has pro-
vided tools for more comprehensive approaches 
to production and diff usion of ceramics of these 
periods. A  network of chemical reference data, 
based on the study of archaeologically attested 
workshops, has gradually been built for these pro-
ductions at the “Laboratoire de Céramologie” in 
Lyon (Pergamon, Ephesos, Nicea/Iznik, Anaia/
Kadıkalesi, Çanakkale, etc.:).2 In some of these 
sites, such as Pergamon and Ephesos, pottery 
manufacture is known in earlier periods as well 
and was investigated in several laboratories,3 giv-
ing the opportunity to examine pottery analy-
sis in a  long-term perspective and to raise the 

* We would like to thank the Pergamon and Ephesos 
teams for their kind collaboration, especially S. Japp, F. Pir-
son, U. Mania, J. Vroom, S. Ladstätter, N. Math. Th is research 
was partly completed within the framework of the French-Pol-
ish PICS program directed by A. Peignard-Giros (University 
Lyon 2, HiSoMA, Lyon) and H. Meyza (Center of Mediter-
ranean Archaeology, Polish Academy of Sciences, Warsaw). 
We are grateful to them, to our PICS colleague K. Domzal-
ski, and to the CNRS (French National Center for Scientifi c 
Research) for funding. Many thanks are due to the staff  of 
the “Laboratoire de Céramologie” in Lyon, especially to 
J. Burlot.

1 e.g. Böhlendorf-Arslan 2004; Spätantike und mit-
telalterliche; Mania 2006, 475-501; Doğer 20132; Byzantine 
craft smen; Türbe.

2 Waksman & François 2004-2005, 629-724; Sauer & 
Waksman 2005, 51-66; Waksman & von Wartburg 2006, 
369-88; Waksman 2013, 101-11; Waksman forth coming.

3 e.g. Jones 1986; Hughes et al. 1988, 461-85; Zabeh-
licky-Scheff enegger et al. 1996, 41-59; Schneider 2000, 525-
36; Akurgal et al. 2002; Schneider & Japp 2009, 287-306; 
Mommsen & Japp 2009, 269-86; Okyar et al. 2011,
155-78.

Long-term pottery production and chemical reference
groups: examples from Medieval Western Turkey*

Sylvie Yona Waksman

issue of the diachronic use of chemical reference 
groups. In many cases, local references lack, so 
that archaeological scientists may be tempted to 
use those - if any - which would be available for 
a  given site, even if they do not correspond to 
the pottery types under study. 

Th is paper considers chemical groups for dif-
ferent periods (Hellenistic to early Turkish) and 
diff erent categories of wares (table, common, 
cooking wares) in two case studies, Pergamon 
and Ephesos. It builds upon previous work,4 tak-
ing into account more recent analyses carried out 
in Lyon5  and in Berlin.6

Sampling for Medieval
and post-Medieval reference groups
and comparative material

Th e sampling considered includes sherds com-
ing from Pergamon and Ephesos. Th e defi nition 
of chemical reference groups for Medieval and 
post-Medieval local production was based on the 
analysis of samples the local status of which is 
well attested, selected among pottery wasters and 
clayey kiln furniture. Th e latter mainly consisted 
of tripod stilts, used to stack glazed ceramics in 
the kilns.

Pergamon (Figs. 1-2, Table 1)

In Pergamon, evidence of pottery production 
is present in several parts of the city, especially 
in the Ketios valley, where Hellenistic / Roman 

4 Waksman 1995; Zabehlicky-Scheff enegger et al. 1996, 
41-59; Waksman et al. 1996, 209-18; Waksman &  Spieser 
1997, 105-33; Zabehlicky-Scheff enegger & Schneider 2000, 
105-12; Sauer & Waksman 2005, 51-66.

5 this paper; Waksman forthcoming.
6 Schneider & Japp 2009, 287-306.
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Figure 1: Examples of ceramics analyzed from Pergamon, local references and fi nished products shown to be local; chemical group 
B (Byzantine quarters): a-d; chemical group A (Red Hall): e-h (samples numbers given from left  to right; pictures S.Y. Waksman);
a) biscuit fi red wasters (BZY410-411); b) various types of local wares, aft er Waksman 1995; c-d) “Zeuxippus related ware”, 
with reverse typical for this region of Western Turkey (BZY415); e-f) tripod stilt (BZY446) and tripod stilts mould (BZY453); 
g) biscuit fi red waster of “Miletus Ware” (BZY443); h) BZY417.

h

e
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a b
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workshops were found;7 in late Byzantine living 
quarters on the slopes of the antique city, where 
fainter but clear evidence is present;8 in the lower 
city, where the Red Hall may have been partly 
reoccupied by an early Turkish pottery workshop 
dated back to the 14th century.9

7 Bounegru this volume; Japp 2009, 193-268, for a review 
of earlier bibliography.

8 cf. supra; Rheidt 1991; Waksman 1995; Spieser 1996; 
Böhlendorf Arslan 2004; Japp 2010, 862-75.

9 Mania 2006, 475-501.

Reference groups for Medieval productions 
had previously been defi ned by PIXE and INAA 
in Strasbourg.10 However, although previous 
results were taken into account, new Medieval 
reference groups were constituted in order to 
avoid limitations in statistical treatments.11 Th ey 
were also extended to early Turkish productions.

10 Waksman 1995; Waksman et al. 1996, 209-18; Waks-
man & Spieser 1997, 105-33.

11 Waksman 2006, 563-8.

Figure 2: Examples of ceramics analyzed from Pergamon, belonging to local group B (top) and A (bottom) (scale 1/3,
S.Y. Waksman, Pergamon team, J. Burlot).
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References samples were selected as follows:
– from the Byzantine living quarters: tripod 

stilts (BZY412-413, 778) and wasters consisting 
in biscuit-fi red unfi nished wares, either without 
slip (BZY779-780) or decorated in the sgraffi  to 
technique (BZY410-411, Fig. 1a);

– from the Red Hall workshop: tripod stilts 
of both similar and larger sizes (BZY446-447, 
Fig. 1e)12 together with an exceptional tripod mould 
(BZY453, Fig. 1f); biscuit-fi red unfi nished wares 
decorated with sgraffi  to and/or painted decora-
tion, related to the type “Miletus Ware”  (BZY443, 
449-452, Fig. 1g).13 Four of the samples taken from 
the Red Hall contexts were previously selected 
by S. Japp and analyzed in Bonn and Berlin.14

Next to reference samples, our sampling 
also included fi nished products, such as plain 
glazed and sgraffi  to wares (Figs.  1-2, Table 1). 
Th eir selection did not so much aim at defi ning 
the local repertoire, already investigated in pre-
vious work for the Byzantine period and shown 
to consist in a variety of types, styles and decora-
tion techniques (Fig. 1b),15 but at completing the 
“typological picture” and at giving the new chem-
ical groups a better statistical representativity.

Concerning earlier Pergamene productions, 
although data were available in Lyon database 
we relied for these periods on reference groups 
well-documented on archaeological and typologi-
cal grounds, which mainly consist of fi ne wares.16 
Among these groups, constituted in Bonn and 
Berlin, we used the latter, which are directly com-
parable to Lyon’s.17 Th e analytical method used in 
Lyon and in Berlin is the same (WD-XRF) and 
data had previously been exchanged between the 
two laboratories. 

Ephesos (Figs. 3-4, Table 1)

Evidence of pottery production in the late 
Byzantine and early Turkish periods is present 

12 Mania 2006, 490.
13 Mania 2006, 475-501.
14 Mommsen & Japp 2009, 269-86; Japp 2009, 193-268; 

Schneider & Japp 2009, 287-306. Th e following update applies 
to the two last papers: Perga 116 = Perga 121, Perga 117 = 
Perga 122, Perga 118 = Perga 123, Perga 119 = Perga 124. 
We would like to thank Sarah Japp for checking this point 
with us.

15 Waksman 1995; Waksman & Spieser 1997, 105-33.
16 Japp 2009, 193-268.
17 Schneider & Japp 2009, 287-306.

in several locations in the surroundings of the 
Artemision in Selçuk, a few kilometers away from 
the antique city of Ephesos.18 Reference groups 
had been constituted in Lyon with ceramics com-
ing from ancient excavations in the Artemision 
and from recent ones in the nearby Türbe.19 For 
the present study, samples were also taken from 
two other excavations, the Tribune and the Isa 
Bey hammam. 

Reference samples included (Fig. 3, Table 1):
– tripod stilts (BYZ449, BZY332-333), com-

ing from the Türbe and the Artemision contexts;
– biscuit-fi red sherds (BZY377(?)-378), over-

fi red sherds (BZY284-286) and pieces of clayey 
material (BZY334-335) found in a  pottery pro-
duction context located under the Türbe, dated 
back to the late Byzantine period (end of 13th - 
fi rst half of the 14th century);20

– moulded wares, both glazed and unglazed, 
found together with their moulds, attributed to 
the early Turkish / Beylik period (Fig. 3f, BYZ439-
442, BZY373).21

The corpus of finished products consid-
ered covered a  larger range than in the case of 
Pergamon. It included a variety of late Byzantine 
and early Turkish table wares, plain glazed or with 
painted and/or sgraffi  to decoration (Figs.  3-4, 
Table 1).22 It also extended to the following late 
Roman and Medieval common and cooking wares:

– so-called “Aegean” late Roman cooking 
wares, some of which may have been produced 
in Ephesos;23

– common wares with mica-coated surfaces, 
dated back to the Byzantine or Turkish period  
(BYZ443-446, BZY395-396, Fig. 3g);24

– amphorae, basins and other common 
wares with buff  pastes from the Isa Bey ham-
mam (BZY400-408, Fig.  3h), dated back to the 
Byzantine or Turkish period.25

18 Vroom 2005, 17-49; Pfeiff er Taş 2011, 91-154; Parrer 
forthcoming; Vroom & Fındık forthcoming.

19 Sauer & Waksman 2005, 51-66; Waksman forth-
coming.

20 Parrer forthcoming; Vroom & Fındık forthcoming.
21 Vroom 2005, 34-5, type 6; Vroom & Fındık forth-

coming.
22 Vroom 2005, 28-32, types 2 to 5; Waksman forth-

coming; Vroom & Fındık forthcoming.
23 Turnovsky 2005b, 635-45; Waksman & Tréglia 2007, 

645-57.
24 Vroom 2005, 35-6, type 7.
25 Vroom & Fındık forthcoming.
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Figure 3: Examples of ceramics analyzed from Ephesos; samples from local groups b/2 and c/4: b-f; other local or possibly 
local groups: g-h (samples numbers given from left  to right, top to bottom; pictures S.Y. Waksman).
a) tripod stilt stuck to a plain glazed base (not sampled); b) plain glazed and painted wares (BZY381-382, 380); c) polychrome 
sgraffi  to wares, Vroom 2005 type 3 (BYZ431 or 432, BZY364, 363); d) polychrome sgraffi  to wares, Vroom 2005 type 4 (BZY393, 
[not analyzed], 394, 392); e) turquoise-glazed ware (BYZ428); f) moulded wares (not analyzed, BZY373); g) mica-coated wares 
(BZY395-396); h) buff  common wares (BZY400, 403, 401-402).
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Table 1: Bibliographical information concerning samples illustrated in the literature.

lab. id. catalogue / fi gure

Pergamon

BYZ 1 Waksman 1995, BY-89

BYZ 2 Waksman 1995, BY-93

BYZ 3 Waksman 1995, CY-84

BYZ239 Waksman 1995, JY-114

BZY415 Spieser 1996, cat. 433

BZY417 Spieser 1996, cat. 430

BZY418 Spieser 1996, cat. 335

BZY419 Spieser 1996, cat. 66

BZY420 Spieser 1996, cat. 86

BZY421 Spieser 1996, cat. 249

BZY423 Spieser 1996, cat. 127

BZY424 Spieser 1996, cat. 199; Böhlendorf-Arslan 2004 pl. 185:3

BZY429 Spieser 1996, cat. 284

BZY443 Mania 2006 cat. 8; Japp 2009, Perga 116

BZY444 Mania 2006 cat. 20 or 23?; Japp 2009, Perga 117

BZY445 Japp 2009, Perga 118

BZY446 Mania 2006, cat. 43; Japp 2009, Perga 119

BZY447 Mania 2006, cat. 43

BZY449 Mania 2006, cat. 4

BZY450 Mania 2006, cat. 6

BZY451 Mania 2006, cat. 9

BZY452 Mania 2006, cat. 3

BZY453 Mania 2006, cat. 45

BZY454 Mania 2006, cat. 17

BZY455 Mania 2006, cat. 31

BZY778 Waksman 1995, AY-56

BZY779 Waksman 1995, AY-73

BZY780 Waksman 1995, AY-81

BZY781 Waksman 1995, BY-38

BZY782 Waksman 1995, CY-150

Ephesos

BYZ428 Vroom 2005, cat. 24

BYZ431/2? Vroom 2005, cat. 17

BZY284 Waksman forth. fi g. 2, Vroom and Findik forth., cat. 219
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Comparative data for Hellenistic and Roman 
wares attributed to Ephesos were taken from 
Schneider’s analyses of table wares, especially 
“Graue Platten” from Ephesos and from the 
Madgalensberg.26

Chemical analysis and statistical
handling of data

Chemical analysis of the samples was carried out 
by Wavelength Dispersive - X Ray Fluorescence 
(WD-XRF) at the “Laboratoire de Céramologie” 
in Lyon. Twenty-four elements are quantifi ed, 
seventeen of which are usually taken as active var-
iables in multivariate statistical treatments used 
to classify ceramics into groups of similar chem-
ical composition. Th ese include eight major and 

26 Zabehlicky-Scheff enegger et al. 1996, 41-59; Zabeh-
licky-Scheff enegger & Schneider 2000, 105-12; Schneider 
2000, 525-36.

minor elements in ceramics (MgO, Al2O3, SiO2, 
K2O, CaO, TiO2, MnO, Fe2O3) and nine trace ele-
ments (V, Cr, Ni, Zn, Rb, Sr, Zr, Ba, Ce).27 

Classifi cations of the samples are obtained by 
hierarchical clustering analysis applied to stand-
ardized data, using euclidian distance and aver-
age linkage.28 Th e corresponding diagram, called 
a dendrogram, initially represents each sample as 
a vertical bar at the bottom of the fi gure (Fig.5). 
Th e two samples that are the most alike in ele-
mental composition are connected by a horizon-
tal link, which is placed lower the more chemically 
similar the samples are. Th e two samples are then 
fused into a  “pseudo sample” of average com-
position. Th e same process is repeated, with the 
linkage being formed at growing heights, until all 
the samples are connected. Th e resulting diagram 
constitutes the dendrogram. It shows clusters or 
groups of samples of similar composition linked 

27 Ce was not taken into account here.
28 e.g. Picon 1984, 379-99.

BZY285 Waksman forth. fi g. 2, Vroom and Findik forth., cat. 217

BZY286 Vroom and Findik forthcoming, cat. 218

BZY287 Vroom and Findik forthcoming, cat. 82

BZY295 Waksman forth. fi g. 2, Vroom and Findik forth., cat. 68

BZY298 Waksman forthcoming, fi g. 1

BZY323 Waksman forth. fi g. 6, Vroom and Findik forth., cat. 76

BZY331 Waksman forth. fi g. 2, Vroom and Findik forth., cat. 66

BZY332 Waksman forth. fi g. 2, Vroom and Findik forth., cat. 212

BZY334 Waksman forthcoming, fi g. 1

BZY335 Waksman forthcoming, fi g. 1

BZY362 Vroom 2005, cat. 22

BZY365 Vroom 2005, cat. 25

BZY372 Vroom and Findik forthcoming, cat. 93

BZY373 Waksman forth. fi g. 3, Vroom and Findik forth., cat. 144

BZY377 Waksman forth. fi g. 1, Vroom and Findik forth., cat. 108

BZY379 Vroom and Findik forthcoming, cat. 81

BZY380 Vroom and Findik forthcoming, cat. 113

BZY381 Waksman forthcoming, fi g. 2

BZY382 Waksman forthcoming, fi g. 3

BZY383 Waksman forthcoming, fi g. 2
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Results and discussion

Classifi cations according to their chemical com-
positions of samples of diff erent periods and cat-
egories were carried out for each site. In a  fi rst 
phase, we excluded sherds likely to correspond 
to imports, in order to focus on local production. 
Th e latter mostly corresponds to chemical groups 
including reference samples. In some cases, we 
kept samples or groups which did not include 
reference samples stricto sensu (indicated by black 
dots in Fig.5), but were likely to be local as well.

at a  lower level, all the clusters being ultimately 
linked together at the top of the diagram. Th is 
representation is not suffi  cient in itself to defi ne 
compositional groups, as it does not take into 
account the signifi cance of elemental diff erences 
between clusters. Further examination of the raw 
data is still needed in order to be able to inter-
pret classifi cations in terms of productions and 
workshops.29

29 Picon 1993, 3-25.

Figure 4: Examples of ceramics analyzed from Ephesos, belonging to local group c/4 (top) and b/2 (bottom) (scale 1/3, Ephe-
sos team, N. Math, S.Y. Waksman).
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In Pergamon, the classifi cation (Fig.  5, top) 
presents diff erent situations. As far as we can 
see within the limits of the sampling considered, 
some of the groups show no mixing, containing 
respectively Hellenistic and Roman ceramics from 
the Ketios valley (GS local group 1)30 and wares 
from the Byzantine living quarters (local group 
B). Th e latter corresponds to the main produc-
tion of Byzantine table wares, as defi ned in pre-
vious work based on a more extensive sampling.31 
A variety of wares belongs to it (plain glazed, slip-
painted, monochrome and polychrome sgraffi  to 
wares, Fig. 1b), including ceramics related to the 
type “Zeuxippus ware” (Fig. 1c-d).32 

Another group (local group A), correspond-
ing to Schneider’s group 4,33 shows little mixing 
as it mostly gathers early Turkish reference sam-
ples from the Red Hall, together with plain green 
glazed wares from the same contexts. However, 
it also includes sherds usually dated back to the 
Byzantine period (e.g. BZY417, 420, Figs. 1h, 2), 
which questions the chronology of the beginnings 
of this production.

Another interpretation is that it corresponds 
to clays coming from the same geological forma-
tions, exploited by workshops operating at diff er-
ent periods, an interpretation which can be put 
forward for the composite group C, containing 
samples dated back from the Hellenistic to the 
early Turkish periods (Fig.  5). It approximately 
corresponds to Schneider’s group 1a,34 including 
two overfi red sherds from the Ketios valley con-
texts (GSW08235 [Perga 28], GSW087 [Perga 34]). 
It also includes the minor Byzantine group byzi36  
containing reference samples from the Byzantine 
quarters (BZY778-780).37 In addition, one green 

30 aft er Schneider & Japp 2009, 287-306.
31 Waksman 1995; Waksman & Spieser 1997, 105-33.
32 Megaw 1968, 67-88; Waksman & François 2004-2005, 

629-724.
33 Schneider & Japp 2009, 287-306.
34 As indicated in Schneider & Japp 2009, 292, some 

sherds from Ketios groups 1 and 1a may be attributed to 
one or another of these groups. Th is trend explains why 
some of the samples initially in Schneider’s group 1a cluster 
with group 1 in the classifi cation (Fig. 5 top).

35 Th e correspondence with sample numbers in Schnei-
der & Japp 2009, 287-306, is as follows: GSW (this work) = 
W  (Schneider & Japp 2009, 287-306). Catalogue entries in 
Japp 2009, 193-268, are indicated between brackets.

36 aft er Waksman 1995; Waksman & Spieser 1997, 105-33.
37 Waksman 1995; Waksman & Spieser 1997, 105-33.

glazed sherd coming from the Red Hall contexts 
belongs to it (BZY445, same sample as GSW146 
[Perga 123]).

Th e chemical features of the diff erent groups 
give only a  few clues (Table 2). Th e location 
downhill of the Red Hall workshop (group A) 
may explain its sharing many chemical features 
with the Ketios valley group 1: higher alumin-
ium, potassium, iron, titanium, vanadium, etc., 
relatively to group B from the Byzantine quarters 
uptown. Th e highest concentrations in these ele-
ments and in magnesium are observed in group 
C/1a, which also has the lowest calcium contents. 
Ketios group 1 is diff erentiated from the other 
groups by higher chromium and nickel con-
tents (see also group hell38).39 Post-depositional 
processes are probably responsible for the large 
standard deviations in strontium and baryum.40

Th e two main groups (Hellenistic / Roman 
group 1 and Byzantine group B), which are likely 
to represent a  large part of the production at 
their respective periods, have chemical features 
which suggest the exploitation of diff erent clay 
sources rather than the use of the same raw mate-
rial treated diff erently (e.g. through clay levigation 
for the earlier fi ne wares). Th e geochemical varia-
bility of clay materials available in the vicinity of 
Pergamon (and in this region of Western Turkey 
in general) makes it possible to distinguish chemi-
cal groups within a limited geographical area. Th at 
these groups correspond to some extent to pro-
ductions of specifi c periods might be connected to 
the location of the workshops.41 Still, we have no 
information regarding clay procurement around 
the workshop or workshops area. And as we have 
seen this correspondence is not the general rule.  

Th e Pergamene evidence presents a complex 
situation. Although three main chemical groups, 
fairly well correlated with (large) chronological 
periods, may be pointed out (Hellenistic and 
Roman group 1, late Byzantine group B, (late 

38 aft er Waksman 1995; Waksman & Spieser 1997, 105-
33, Schneider & Japp 2009, 287-306.

39 Waksman 1995; Waksman & Spieser 1997, 105-33, 
Schneider & Japp 2009, 287-306.

40 Picon 1987, 41-7. Sr and Ba were not taken into 
account in the classifi cation Fig. 5 (top).

41 However, unlike the Ketios installations, the location 
of the Byzantine and early Turkish ones is not attested by 
kilns or other workshops structures and the evidence found 
might be in secondary position.
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Byzantine-) early Turkish group A), diff erent 
chemical groups exist within a same chronology 
and for a  same category of wares (table wares, 
as opposed to e.g. cooking wares). Conversely, 
at least one of the clay sources was exploited at 
diff erent periods (group C). Th e latter group may 
be used as a Pergamene reference irrespectively 
of the period (at least within the chronological 
range considered), but it is little representative 
of the bulk of the production.

Th e next classifi cation (Fig. 5 bottom), dealing 
with Ephesian productions, shows a  complex 
picture as well. Two main chemical groups may 
be distinguished within late Byzantine and early 
Turkish glazed table wares (local groups b/2 and 
c/4).42 Both correspond to low-calcareous pastes 
distinguished within the sampling by their higher 
concentrations in aluminium, potassium, vana-
dium, iron, etc., group c/4 presenting the high-
est contents of these elements and in rare earths 
whereas strontium and nickel are higher in b/2. 
Magnesium, chromium and nickel show large 
standard variations - a  trend observed among 
the whole sampling - with a possible sub-group 
corresponding to higher values within group 
c/4. Th is sub-group gathers most of the poly-
chrome sgraffi  to wares (Fig.  3c-d), whereas the 
rest of c/4 contains reference samples and wares 
attributed to the late Byzantine period from the 
Türbe contexts (Fig. 4 top).43 Group b/2 seems to 
correspond more specifi cally to new types intro-
duced later on in the local repertoire, especially 
moulded44 (BYZ440-442, BZY373, Fig. 3f)45 and 
turquoise-glazed46 wares (BYZ428, BZY365-366, 
371, Fig. 3e).47 Th ese involve technical traditions 
in pottery manufacture known in the Islamic 
world, which diff er from those in use at the 
Byzantine period in the region.48 

42 Th e names of the groups refer to Sauer & Waksman 
2005, 51-66, and Waksman forthcoming.

43 Waksman forthcoming; Vroom & Fındık forthcoming.
44 As far as we know there is no evidence for the use of 

moulds between the Roman and the Beylik periods. 
45 Vroom 2005, 34-5, type 6.
46 Th e fl ux used as a component of the glaze to manu-

facture turquoise-glazed ware includes alkali and not only 
lead as in the previous Byzantine period (Waksman 2005, 
83-9; Armstrong et al. 1997, 225-9; see also Scott & Kamilli 
1981, 679-96). 

47 Vroom 2005, 30-2, type 2.
48 Waksman forthcoming.

The two other chemical groups contain 
samples from diff erent periods, showing that 
Byzantine or early Turkish common wares were 
manufactured with clay materials already used 
previously. Th is is especially true of calcareous 
common wares (Fig. 3h) chemically similar to 
Schneider’s group of table wares, which mainly 
consists of “Graue Platten”. It is the only (mod-
erately) calcareous group within the sampling, 
which is further distinguished by its lower iron 
and titanium concentrations. 

Th e last “group” in the classifi cation (Fig.  5 
bottom) gathers mica-coated common wares 
dated back to the early Turkish period (Fig. 3g)49, 
together with late Roman “Aegean” cooking 
wares. It is not homogeneous and is not consid-
ered a chemical group stricto sensu. But its sam-
ples have in common several chemical features, 
including variable but usually high chromium 
and nickel and low potassium and rubidium con-
tents. Th ese features diff erentiate them from all 
the others. No reference samples belong to it, 
but the fact that it includes presumably ephe-
sian wares of diff erent periods is in favour of
a local origin.

Th e case of Ephesos shows trends similar to 
those observed in Pergamon: on the one hand 
diff erent chemical groups for the same categories 
of wares at the same, or closely connected, peri-
ods;50 on the other hand long-term use of some 
of the clay sources. Common wares seem to be 
more “conservative” in the use of raw materials, 
but in the present case they unexpectedly corre-
spond to earlier wares which do not belong to 
the same functional or technical category: mica-
coated wares, which do not seem to have the 
cooking function of their predecessors; and basins 
and amphorae following earlier table wares.

Concluding remarks

Evidence of pottery production are archaeo-
logically attested in Pergamon and Ephesos at 
the Hellenistic / Roman and the late Byzantine 
/ early Turkish periods. In both sites, reference

49 Vroom 2005, 35-6, type 7; Sauer & Waksman 2005, 
51-66, group d.

50 Further work is requested to investigate the corre-
spondence between typo-chronological and chemical groups 
in the Byzantine and Turkish periods. 
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samples for local production (kiln furniture, unfi n-
ished or overfi red wares) could be used to defi ne 
Pergamene and Ephesian products, on the basis 
of the chemical composition of ceramic bodies.

Chemical reference groups, corresponding to 
diff erent periods of production and categories of 
wares, could be compared. In both Pergamon and 
Ephesos, several groups may be distinguished, 
thanks to the varied geological and geochemical 
features of this region of Western Turkey. Th ey 
correspond to diverse situations.

Some chemical groups seem fairly well corre-
lated with (large) chronological ranges and cate-
gories of wares. Clay procurement may however 
be diversifi ed, so that a given workshop or work-
shop complex is characterized by several chemical 
groups for the same period and types of wares. 
Some of the groups may however be more rep-
resentative for the bulk of the production. 

Other clay sources continue to be in use for 
longer periods, with similar traditions in clay pro-

cessing,51 especially - but not exclusively - in the 
manufacture of common wares.

In Pergamon for instance, diff erent clayey 
materials seem to have been used for the main 
productions of Hellenistic and Roman wares, and 
of late Byzantine ones. In parallel, part of the pot-
tery was manufactured, presumably in the same 
workshop or workshops complex, using another 
clay source common to both periods. In the lat-
ter case, chemical data acquired for local wares 
of a  given period may also be used for prove-
nance studies involving the site at another. But 
this study shows well that, in the general case, 
caution is requested when using chemical data 
dealing with wares of diff erent periods, types or 
categories, involving possibly diff erent traditions 
in clay processing, and especially in varied geo-
logical contexts such as Western Anatolia.

51 Clay processing concerns here ceramic bodies, and 
not surface treatments.
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