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Abstract

This study presents the results of analyses of ceramics from one of the rare excavated kiln sites that produced amphorae and
common wares in Ptolemaic Egypt (332-30 BC), at Kom Dahab in the Western Nile Delta. Ceramics from the kiln trench,
unfired ceramics and specific classes of transport, table and kitchen vessels were analysed by polarised microscopy and
scanning electron microscope used with energy dispersive spectrometry (SEM—-EDX). This made it possible to trace the
different steps of the chaine opératoire and revealed that potters made differentiated use of raw materials. A specific clay,
perhaps offering economic advantages, soon dominated the amphora production. A variety of recipes was used for white
and red slips applied to both utilitarian and tablewares. Shapes were strongly Greek-influenced, but after some time ceramic
technology readmitted earlier Pharaonic traditions, presumably driven by consumer demand and economic considerations.
The analysis of slipped bowls from Old Kingdom levels suggests the long-term exploitation of the local clay sources of
distinctive chemical composition.

Keywords Nile Delta - Ptolemaic period - Old Kingdom - Thin-section petrography - SEM-EDX - Pottery workshop

Introduction

Kom Dahab lies at the western edge of the Nile Delta (N 30°
51'35" E 30° 29’ 51"),' 10 km south-west of Naukratis (N
30° 53’ 50" E 30° 35' 33"), an international harbour founded
in the late seventh-century BC (Fig. 1). It was long perceived
as a small satellite or industrial site that appeared only in the
third century BC next to the major early site of Kom Firin
(N 30° 51" 52" E 30° 29" 17"), founded in the thirteenth-
century BC (Spencer 2008, 17). Results of a survey and

Highlights

e Kom Dahab is one of the rare excavated kilnsites in Ptolemaic
Egypt to produce amphorae and common wares.

e Samples of fired and unfired Ptolemaic pottery were analysed.

o Results offer insights into potters’ choices during the production
of various shapes (transport amphorae, tableware, cooking pots,
and other common ware).

e Both cultural and economic factors are evident in the
development of pottery production, influencing choices of raw

materials, shapes, and firing technology.

e Finds from earlier, Old Kingdom levels were also analysed,
suggesting enduring exploitation of chemically distinct local clay
sources.
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excavations conducted at Kom Dahab by Nancy Wilkie?
were only partially published (Coulson and Leonard 1981,
73-77; Coulson et al. 1982, 83—84; Coulson and Wilkie
1986, 65-74; Coulson et al. 1986), but a comprehensive
reassessment of the evidence in the framework of the Brit-
ish Museum’s Western Nile Delta project (Masson-Berghoff
and Thomas forthcoming) now transforms our perception of
the site (Masson-Berghoff forthcoming a, forthcoming b),
revealing, among other things, a substantial Old Kingdom
(c. 2686-2181 BC) phase.

! Geographical coordinates given in the article refer to archaeologi-
cal sites and are taken from Thomas forthcoming a.

2 Wilkie’s work formed part of the ‘Naukratis Project’ led by Wil-
liam Coulson and Albert Leonard Jr and conducted under the aus-
pices of the American Research Center in Egypt (ARCE).
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«Fig. 1 Map indicating the sites and regions mentioned in the text. The
site of Kom Dahab, to the southeast of Kom Firin (Google satellite
view of the area in May 2020, with the limits of the settlements as
known in the 1980s indicated; photograph by N. Wilkie © W.D.E.
Coulson Archives, University of Thessaly, Dept of History Archaeol-
ogy and Social Anthropology)

During the Ptolemaic period (332-30 BC), Kom Dahab
was a centre of ceramic production (Fig. 2). The 1980 survey
found the site littered with fragments of transport amphorae
and other shapes, including kiln wasters. Subsequent small
excavations exposed two kilns (one never published). The
workshop operated from the mid-3rd to the early first cen-
tury BC.> As one of only a handful of excavated Ptolemaic
pottery kilns, the Kom Dahab complex is highly significant.
Both fired and unfired pottery was found here in situ. The
assemblage promises rare insights into a pottery chaine
opératoire during a highly dynamic period when newly
introduced Greek ways of pottery making intersected with
long-established Pharaonic traditions. It establishes a secure
technological and chemical reference point for ceramics
made in the western Nile Delta in the Old Kingdom and
Ptolemaic Period, and an opportunity to examine how nat-
ural setting and human agency shaped variation in Delta
ceramic fabrics.

Clay resources at Kom Dahab were created over the mil-
lennia by the Nile and its dynamic system of delta branches
(on the geology of the Delta: Said 1981, sheet IV; Chen et al.
1992; Pennington et al. 2017). During the Old Kingdom,
the southwestern fringes of the Delta close to the Western
Desert were largely semi-arid, though presumably with a
(periodically) active river channel; in the early first millen-
nium BC, they became part of the Nile Delta floodplain,
resulting in a gradual build-up of alluvium around the site
(Toonen and Pennington forthcoming). In earlier periods,
clay resources at Kom Dahab may thus have been more lim-
ited, but by the Ptolemaic period, numerous small channels,
their levees and back swamps, would have offered a broad
range of alluvial sediment (between fine sand and clay) for
pottery manufacture. Additional sand (for tempering) could
be sourced from the aeolian ridge on which the site had been
founded. No marl outcrops are present in the area.*

Background and history of research

Pottery kilns and associated finds offer vital insights into
the way artisans’ choices were influenced by material

3 Contrary to Berlin (2001, 45-46), assuming third-century BC activ-
ity only (see also Masson-Berghoft forthcoming b).

4 In Egypt, marl clays occur primarily at locations along the Nile val-
ley between Esna and Cairo (Memphite region); the closest sources to
Kom Dahab were probably the Lake Mareotis banks and the apex of
the delta around Memphis.

conditions and cultural, economic, and technological fac-
tors. Yet their discovery remains fortuitous. The kilns of
Kom Dahab were the first Ptolemaic amphora workshops
ever subjected to detailed archaeological scrutiny, and while
others have become known since, they have often only
been investigated in surface surveys (Dixneuf 2011, 183;
Kenawi and Mondin 2019, 87). The Mareotic region was
one of the most important amphora production centres in
the Hellenistic world (Blue and Khalil 2011), but only kilns
of Roman date have been excavated so far.’ The Eastern
Marmarica was another major centre (Rieger and Moller
2011; Moller and Rieger 2019), yet only the Ptolemaic kilns
at Tell el-Haraby (Majcherek and El-Shennawi 1992) and
Bir Abu Sakran at Marsa Matruh (Rieger and Moller 2011,
Table 1 no. 14; Moller and Rieger 2019, 71), where both
amphorae and common ware vessels were produced, have
been uncovered. The recently excavated amphora kiln at
Philadelphia in the Fayum can be added to this short list
(Marchand et al. 2018). No Ptolemaic kilns have yet been
investigated in the large pottery workshops of Medamud in
the Theban region, although numerous wasters attest to the
production of a wide range of vessels, including amphorae
(Barahona-Mendieta 2016, 35-36, Figs. 19-20). A few more
Ptolemaic kiln sites have been explored in depth, but they
do not include amphora production (see however Tell Atrib:
Potudnikiewicz 1992; 1995; Scholl 1995; Scholl et al. 1995);
one example is the large Ptolemaic and Roman industrial
quarter at Tell el-Fara’in/Buto, which produced table and
kitchen wares as well as jars, bottles, and jugs (Ballet et al.
2019).

Kom Dahab thus represents a rare opportunity to examine
Ptolemaic Nile Delta ceramics of known provenance and to
characterise a kiln production. A rich array of ceramics was
found within or beside the two exposed kilns, besides which
more probably existed. Transport amphorae dominate but
large numbers of cooking ware, tableware, and household
utility vessels were uncovered as well. Wasters and vessels
with firing defects confirm local manufacture of amphorae
and a wide range of other shapes. They represent the typical
shape repertoire of utilitarian and tablewares of Egypt in the
Ptolemaic period, a time when the influx of new populations,
rule by a Macedonian dynasty, growing interaction with the
Mediterranean world and expanding commerce transformed
Egypt’s society, economy, and material culture. For Ptole-
maic pottery, too, strong affinities with Greek wares, but also
elements of earlier Pharaonic traditions, have been noted
(e.g., Marchand 2002; Defernez and Marchand 2006; 2016;
Masson 2011; 2016). Such observations have mostly been
based on shape or appearance.

5> They include some of the largest kilns uncovered in the ancient
Mediterranean world, at Marea, Akademia, and Burg el-Arab (e.g.,
el-Ashmawi 1998; Pichot and Flaux 2015).
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Fig.2 View of an amphora kiln
(photograph by N. Wilkie ©
Trustees of the British Museum)

Even though scientific analysis is a vital tool for under-
standing processes of cultural and economic change through
the lens of material culture, only very little analytical work
has been published on Ptolemaic wares and none on pot-
tery from Kom Dahab.® One relevant study concerned the
Late Period (664-332 BC) to Ptolemaic pottery, primarily
tableware, found and likely produced at nearby Naukratis,
which was subjected to chemical and petrographic analy-
sis to investigate provenance and differentiate Greek and
Egyptian technological traditions (Spataro et al. 2019).
Chemical analyses were recently conducted on local Ptole-
maic and Roman productions at Buto, but little detail has
so far been published (Ballet et al. 2019, 190).” Perfume
bottles produced in a fourth-century BC workshop in Tell
el-Timai in the Eastern Delta (Hudson et al. 2018) and
late fourth- to early third-century BC amphorae copying,
in a rather coarse marl clay, Levantine models discovered
at various Egyptian sites (Alexandria, Abu Rawash, Wadi
Natrun, and Tebtynis) were analysed by X-ray fluorescence
(XRF) (Defernez and Marchand 2016, 149-150, pl. 4). As
only some of these analysed ceramics are from kiln sites,

6 Wilkie had initiated scientific analysis of some Kom Dahab finds,
but this was never completed or published: Coulson et al. 1986, 550
and note 27.

7 Five groups were discerned based on the chemical composition and
the (relatively minor) variance was explained in terms of distinct clay
preparations.

8 A programme of thin section analysis of Ptolemaic amphorae from
various kiln sites (Marsa Matruh, Medamud and Philadelphia) is in
progress, led by ceramicists Sylvie Marchand and Catherine Defernez,
and by geologist Eric Goemaere, Institut Frangais d’Archéologie Ori-
entale in Cairo. A series of analyses is also currently being under-
taken for the amphorae of the Mareotic region by Valérie Pichot and
Aude Simony at the Centre d’Etudes Alexandrines.

@ Springer

attributions to production places often remain hypothetical,
however. Characterising the technical and chemical features
of the Kom Dahab production should thus provide a rare ref-
erence point for ceramics produced in the western Nile Delta
and shed further light on the problematic question of subtle
differences between compositionally largely uniform Nile
Delta silt fabrics (see Ownby and Brand 2019; Spataro et al.
2019; Bourriau et al. 2006). This is of relevance not least
for understanding patterns of trade. As a small- to medium-
sized centre (cf. comparative studies in Rieger and Moller
2011), Kom Dahab produced for the local but perhaps also
regional market, yet so far it remains impossible to establish
whether typologically similar vessels discovered at nearby
sites were produced at Kom Dahab or in other workshop
sites, such as at Naukratis and Kom Barud (see Masson-
Berghoff forthcoming b).

Research aims and objectives

In this study, we aim to exploit the potential of Kom
Dahab to shed light on Ptolemaic pottery production
and questions of wider relevance, using scientific
analysis, archaeological and textual data. Focusing
on a single production centre can allow us to define a
workshop’s chaine opératoire during a particular period
in history and to assess technological variation, the
agency of potters, and their cultural and environmental
milieux. Analysis of Old Kingdom bowls found at the
site will make it possible to include questions of long-
term change or continuity in the use of raw material and
fabric preparations.
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The key objectives of this paper are as follows:

J g
=35
Pao?l2 E g . . N . .
o ER S5 e To describe the ceramic chaine opératoire (clay selec-
e '50‘3 3 § > % = tion, addition or removal of inclusions, surface finishing,
= = =~ . .
= § S s0> > firing) and the raw materials used by the potters at Kom
o Dahab;
3 g e To investigate whether different ceramic recipes, sur-
) . .
E 2‘ face treatments, and firing regimes were used to make
s 7 - different ceramic classes, and therefore to examine how
) S . . . . .
I P considerations of functionality affected the ceramic pro-
, duction and its organisation at Kom Dahab;
o . . . oy
S N e To interrogate evidence for diverse cultural traditions as
£z |3 well as the role of economic and environmental factors
S |3 in the pottery production of Ptolemaic Kom Dahab;
e To determine whether similar or different raw materials
& 8 and fabric recipes were used in the Old Kingdom and in
5 ) 8 the Ptolemaic period; and
Q . ey . .
B g “;—3 e To assess the degree of variability in raw materials, pot-
& 2 2 tery technology, and cultural traditions in regional Nile
o g Delta workshops, and in particular to compare Kom
2 7 2 Dahab data with contemporaneous ceramic production
8.8 ) .
S< 3 i elsewhere in Lower Egypt.
2 SEB <
— < < O =
@) ) S
o
3 o0 i
£ £ Material and methods
5 g
s |, £ Sample selection
B=] (5] L
S Samples were selected from the Kom Dahab finds in the
= . .
x (8 = Museum of Bryn Mawr College (Pennsylvania).” During a
) e . . . . . 21
g 2 g preliminary study of this collection in 2017, Aurélia Masson-
§ § 2 2 E’n Berghoff counted 667 ceramics and small finds from Kom
= (; ‘g Dahab and selected 19 sherds for analysis. They are a repre-
o . . .
S 2 sentative selection of the key shapes and functional catego-
= Eﬁ & ries (storage, cooking, serving) recovered from Kom Dahab,
% = 25 though weighted towards amphorae, with consideration also
A © 2 given to surface treatments and archaeological context. Trans-
= “; port amphorae are represented with different shapes (short rim,
—é % more or less squared AE1-2.5 or AE2-1.1; long-collared rim
8 E = AE2-2.1 or AE2—2.2),10 textures (medium to coarse), surface
o Q . . . .
%’ s 2 treatments (white-slipped, self-slipped, and unslipped), and
5 = dates (from 250 to 50 BC), thus spanning the beginning, mid-
e g dle, and end of production (Fig. 3 and Table 1). Both fired (4)
a 0 2 and unfired (3) amphora sherds were selected. Other shapes
Ls:)b \E f; comprise slipped and unslipped cooking vessels, serving bowls
g =
5 g -
% <= = f‘;j 9 The selection of finds that, following the end of fieldwork, was sent
2 ) - = to the USA under the terms of a finds division agreement has since
= E-' a ) 2017 been given a permanent home in the archaeological collection
9] o S
SIS & S of Bryn Mawr College.
= | o j_—ﬁ 10 On Egyptian amphora nomenclature see Dixneuf 2011. The profile
% £ ) 5 evolution of the amphorae produced at Kom Dahab over two centuries
S E @} & is described in Masson-Berghoff forthcoming b.
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Fig.3 Kom Dahab: amphorae
sampled and discussed in this
paper (drawings and photo-
graphs by A. Masson-Berghoff
© Trustees of the British
Museum)

250BC

KOD1 (D9.13:22)

KOD2 (D9.12:19)

Y

KOD10 (16.8:2)

KOD11 (E11.74:3b)

m—=—n mMI-4 —H>» OMOCUOXT mM>»>UVOITVTI>»> —-unm—-H>»r O—- —Hom—rx>m Z0XT

50 BC |

KOD9 (16.8:7)

and plates, and a storage vessels (hydria?) (Fig. 4 and Table 1).
While only the unfired fragments are unquestionably local,
there is little doubt that all the Ptolemaic vessels analysed were
made at Kom Dahab: one analysed fragment, probably from a
hydria (KOD17), is a waster, wasters of the other shapes ana-
lysed were found at the site, and table and cooking wares had
been placed alongside amphorae in the last load of one kiln
(Masson-Berghoff forthcoming b, Fig. 74). For comparative
purposes, two Meidum bowls each in Nile and marl clay and
a bowl with a direct rim were selected from the Old Kingdom

@ Springer

Unslipped AE2 (maybe long collared rim AE2-27?)

PTOLEMAIC AMPHORA PRODUCTION AT KOM DAHAB

White-slipped short rim AE1-2.5/AE2-1.1

m D9.10:3

KOD3 (D9.7:3)

Self-slipped short rim AE1-2.5/ AE2-1.1

KOD12 (E11.131:1)

Unslipped short rim AE2-1.1

E11.131:1

Unslipped long collared rim AE2-2.1

m E11.54:1
Notes:

- KOIj1, KOD2 and KOD11 are unfired sherds
- KOD11, KOD12 are from the kiln trench (trench IIl)

- self slip (red) 0_10 cm

Drawings: white slip

material (Fig. 5 and Table 1) (discussed in detail in Spataro
and Masson-Berghoff forthcoming).

Polarised microscopy and scanning electron
microscopy

All 19 selected samples were sent for uncovered polished
thin sectioning, and the thin sections were analysed by opti-
cal polarised microscopy and scanning electron micros-
copy with energy dispersive analysis (SEM-EDX) at the
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Fig.4 Kom Dahab: Ptolemaic
table, storage, and kitchenware
sampled and discussed in this
paper (drawings and photo-
graphs by A. Masson-Berghoff
© Trustees of the British
Museum)

OTHER PTOLEMAIC PRODUCTIONS AT KOM DAHAB
(all samples from the kiln trench TIII)

KOD15 (E11.124:4)

KOD16 (E11.101:66) KOD13 (E11/no. 185)

Cooking ware: cooking pots

KOD14 (E11.114:5)

Utility vessel: hydria?

KOD17 (E11.101:2) ~/

stress cracks
Tableware: fish plate and echinus bowl

=

KOD18 (E11.74:5)

KOD19 (E11.85:26) I

- red slip

0 S5cm

Department of Scientific Research at the British Museum  to characterise the petro-fabrics and to investigate different

(London, UK).

aspects of the chaine opératoire, such as clay selection, pro-

A Leica DMRX polarising microscope was used to iden-  cessing, addition or removal of inclusions, surface finishing,
tify matrix (clay) types and non-plastic inclusions, in order  and firing (e.g., Spataro et al. 2019).

@ Springer
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Fig.5 Kom Dahab: Old
Kingdom bowls sampled and
discussed in this paper (draw-
ings and photographs by A.
Masson-Berghoff © Trustees of
the British Museum)

Meidum bowls in Nile clay

KOD4 (D9.26:21)

I

KOD6 (D9.33:?)

Meidum bowls in Marl clay

{

KOD7 (D9.26:9)

¢

KODS8 (16.11:5)

Bowl with direct rim in Nile clay

KOD5 (D9.33:9)

- dark slip

The polished thin sections were also analysed with a
Hitachi S-3700 N Variable Pressure SEM equipped with
an Oxford Instruments AZtec energy dispersive X-ray ana-
lyser (SEM-EDX), in order to characterise the chemical
composition of the clays. SEM images were used to esti-
mate the firing temperatures and to investigate the surface
treatments (Ionescu et al. 2015). The SEM was used at a
pressure of 40 Pa with a 20 kV accelerating voltage; the
samples were analysed uncoated at a 10-mm working dis-
tance. The results were converted into oxide percentages,
which were normalised (oxygen by stoichiometry; see
below for details on bulk analyses). Principal component
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analysis (PCA) (Hammer et al. 2001) was also used to
interpret the SEM-EDX results (Spataro et al. 2019).

In addition to the body fabrics, particular attention was
paid also to analysing slips. Slips are not always easy to
detect macroscopically, as self-slipped (well-burnished,
also called ‘mechanical slip’ pottery; see Spataro 2016,
168) can be interpreted as slipped ware. Polarised micros-
copy helps detect most differences, but in some cases, it
is difficult to tell apart a very well-polished layer and a
slipped surface. In this case, SEM-EDX analyses and the
chemical comparison of the body paste and surface layer
of the ceramic can inform us about the slip composition.
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Fig. 6 Kom Dahab: photo-
micrographs of ceramic thin
section of sample a KODS5 (Old
Kingdom bowl; fabric NC1)
with voids left by the burning
off of the plant matter and a

red slip; b KOD15 (Ptolemaic
cooking pot; fabric NC2a); ¢
KOD17 (Ptolemaic hydria (?);
fabric NC3b) probably sand-
tempered; d KOD3 (Ptolemaic
short rim amphora; fabric

NC4) probably sand-tempered;
e KOD11 (Ptolemaic unfired
long-collared rim amphora;
fabric NCS5) probably not tem-
pered; f KOD8 (Old Kingdom
Meidum bowl; fabric CF2)

with a fossiliferous fabric (a
microfossil is visible on the left
of the photomicrograph). All
photomicrographs were taken in
cross-polarised light, the field of
view is 1.75 mm (photographs
by M. Spataro © Trustees of the
British Museum)

Results
Polarised microscopy

Eight fabrics were defined by optical microscopy, six non-
calcareous (NC1-6) and two calcareous (CF1 and 2) (SI
Appendix 1; Fig. 6). Fabric groups were defined based on
matrix type and its fine minerals, and the variations of other
minerals (e.g., serpentine, biotite, etc.; in some cases, part
of the deliberately added temper), and their sizes (e.g., fab-
ric NC1 contained the finer and better-sorted minerals). As
the main minerals recur in almost all fabrics, differences
between fabrics are sometimes subtle.

Fabrics NC1-6 are non-calcareous with relatively abun-
dant inclusions, mainly fine quartz, and in some cases, scat-
tered coarser rounded grains, plagioclase, amphibole, and
pyroxene, with variations in the content of fine serpentine,
biotite with thick lamellae, and igneous inclusions (Fig. 6).

Most of these fabrics were sand- or plant-tempered.!' Fab-
rics CF1 and 2 are calcareous and fossiliferous and they were
not tempered (see Table 1).

Fabric NC1 (three Old Kingdom bowls, including two
Meidum bowls) is very fine, low-fired, and contains abun-
dant, well-sorted, and fine quartz sand, with occasional pla-
gioclase, serpentine, micas, pyroxene, igneous inclusions,
(post-depositional?) carbonates, and abundant iron oxides.
There is some plant matter and voids left by the burning
out of organics, which might have been added as temper
(Fig. 6a). Some areas in the same sample are richer in organ-
ics than others. Recurrent clay pellets in one of the bowls
(KOD5) suggest that the clay was not thoroughly processed

1 Except Fabrics NC2 subgroups a and b and NCS5, which were not
tempered.
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prior to shaping. Fabric NC1 subgroup a, another bowl, con-
tains more abundant biotite micas and carbonates.

Fabric NC2 (a cooking pot) was more highly-fired and
it contains coarser and more poorly-sorted sand than fabric
NCI1. It also contains feldspar, micas, serpentine, occasional
pyroxene, and amphibole. Fabrics 2 subgroups a and b con-
tain less serpentine than fabric NC2. Fabric NC2 subgroup
a (a cooking pot) contains more abundant biotite than fabric
2 (Fig. 6b). Subgroup b (a fish-plate) contains finer organic
inclusions than fabrics NC2 and 2 subgroup a. Fabric NC2
might have been sand-tempered, but not its subgroups a and
b.

Fabric NC3 (a cooking pot) contains fine and abundant
sand, which might have been deliberately added as temper.
Its sand is coarser than that in fabric NC1, but better-sorted
than that in fabric NC2. Subgroup a (a cooking pot) contains
a calcareous fragment and more voids from burnt-off plant
matter, subgroup b (a hydria?/waster; Fig. 6¢) also contains
a few calcareous fragments, and more biotite micas than
fabrics NC3 and 3 subgroup a. They might all have been
sand-tempered.

Fabric NC4 (a short rim amphora) and its subgroup a (an
amphora) were highly-fired, and most probably sand-tem-
pered (Fig. 6d). The paste contains abundant poorly-sorted
size distribution of quartz sand, and subgroup a contains
scattered microfossils and more abundant fine quartz.

Fabric NC5 (an unfired amphora) contains some well-
sorted quartz, with occasional feldspar, some fine micas,
occasional rounded stretched metamorphic polycrystalline
quartz, calcareous fragments, and abundant opaques. It was
not tempered (Fig. 6¢). Some fine elongated voids, prob-
ably due to the drying process, are visible in the fabric. Its
subgroup (a short rim amphora) contains fewer plagioclase
inclusions, and it was probably plant-tempered.

Fabric NC6 (an unfired short rim amphora) contains
poorly-sorted sand rich in quartz, with micas, plagioclase,
pyroxene, sphene, serpentine, occasional bone fragments
and naturally occurring plant matter, and amphibole. It was
probably sand-tempered. Its subgroup a (a long-collared rim
amphora) contains few sand inclusions and micas, occasional
clay pellets, and it was heavily plant-tempered. Fabric NC6
subgroup b (another unfired short rim amphora) does not
contain any plant matter and it was probably sand-tempered.

Fabrics CF1 and 2 (two Meidum bowls) are both calcare-
ous, with fine and well-sorted quartz sand, but CF2 is rich in
microfossils and biotite and it contains more recurrent fine
serpentine (Fig. 6f). They were not tempered.

Scanning electron microscopy with energy
dispersive spectrometry

All 19 Kom Dahab samples were analysed by scanning
electron microscopy with energy dispersive spectrometry
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(SEM-EDX) (SI Table 2), to measure the chemical com-
position of the body pastes and slips, examine their
microstructures, and estimate the firing temperatures.
The SEM-EDX study consisted of bulk (regional) analy-
ses from four different areas of each sherd, so as to be
representative of the fabric. Each covered approximately
an area of c. 1.4 X 1.0 mm at a magnification of X 100,
to avoid large minerals or rock fragments. The results
represent the average composition of the clay matrix and
smaller plastic and aplastic inclusions (see Spataro 2011,
257).

Chemical composition

There seems to be a pattern in the use of clays for the pro-
duction of specific shapes. Figure 7 shows that PC1 sepa-
rates the Ptolemaic amphorae from all other samples. A
scatter plot of FeO vs MgO (Fig. 8) confirms that most
amphorae are chemically different from all the other ves-
sels. Apart from the unfired KOD1 (one of two analysed
samples of third-century BC unfired white-slipped short rim
amphorae), the amphorae have higher magnesia and iron
oxide contents. At the same time, Figs. 7 and 8 suggest that
raw materials with a similar chemical signature were used
to make the Nile silt Old Kingdom bowls and the Ptolemaic
household and tableware.

Slip analyses

Most of the analysed vessels had a slipped surface. The slips
of eleven samples were analysed by SEM—EDX, includ-
ing red slips, dark slips, and a white slip. Small slip frag-
ments were present on the thin sections, so the EDX analy-
ses were carried out at high magnification (between X 320
and x 1.2 K). Three to four bulk analyses were carried out for
each slip. It was possible to analyse the interior and exterior
red slip for one sample (KODS, fabric NC1): these gave very
consistent results, showing the homogeneity of the coating
(SI Table 3).

Red slips were analysed from eight samples, three bowls
from the Old Kingdom (KOD4, 5, 8, respectively fabrics
NCI1 subgroup a, NC1 and CF2), and the others from the
Ptolemaic period (KOD13, 14, 15, 16 and 18, respectively
fabrics NC2, NC3 subgroup a, NC2 subgroup a, NC3
and NC2 subgroup b). The slip of one sample (KOD16,
a cooking pot) was probably contaminated in the burial
environment, as its soda content is too high (SI Table 3).
Dark slips of two Old Kingdom Meidum bowls (one with
a non-calcareous fabric [sample KOD6, Fabric NC1] and
one with a calcareous fabric [KOD7, Fabric CF1]) were
analysed.

The SEM images show that both red and dark slip micro-
structures are very fine (see Fig. 9) and EDX results show
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Fig.7 Principal component analysis output (components 1 and 2),
based on SEM-EDX compositional data from the Kom Dahab sam-
ples, except the two calcareous samples (KOD7 and 8). PCA was car-

ried out using Past v. 3.18 (Hammer et al. 2001). Each point repre-
sents the average of four bulk analyses of an individual vessel

Fig.8 Kom Dahab: scatterplot
of MgO and FeO of the EDX 3.0- °
results, separating the Ptolemaic
amphorae from the kitchen and
tableware, and Old Kingdom L4 L L4
bowls. Each point represents the
average of four bulk analyses of 2.8 ° Py
an individual vessel
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o
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that all of them were obtained by levigating non-calcareous
clays, to which iron oxides (including ilmenite) were added.

% FeO

This is shown by relatively high alumina (18.3-28.1%) and
iron oxide (6.5-9.2%), with variable magnesia (1.4-3.4%)
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Fig.9 Kom Dahab: SEM-
BSE images of Old Kingdom
red- and dark-slipped bowls, a
red slip of sample KODS5; b red
slip of sample KODS at high
magnification showing a very
thin coated layer; ¢ red slip of
sample KOD4 showing a very
thin coating layer; d dark slip
of sample KODG; e dark slip of
sample KOD7 at high magnifi-
cation; and f red slip of sample e
KODS8 at high magnification (8_3/-;;[\; T
(photographs by M. Spataro ©

Trustees of the British Museum)

S-3700N 20.0kV 10.3mm x100 BSECOMP 30Pa

and potash (2.2-7.3%) contents (SI Table 3).!? Both red and
dark slips were applied very thinly (c. 0.05-0.03 mm), as
visible in the low and high magnification images of the Old
Kingdom red and dark-slipped bowls (Fig. 9a—f).

The red slips used for the Old Kingdom non-calcareous
bowls (KOD4 and 5; Figs. 9 ¢, a, and b) were made with
similar clays: there are some differences in the soda and
potash contents, but both have similar high iron oxide levels
(c. 9%). The red slip on the calcareous Old Kingdom bowl
(KODS8; Fig. 9f) has a different composition to the body
fabric, with much less calcium. This might imply that the

12 The alternatives, earthy hematite or warm ochre, are unlikely as
earthy hematite is characterised by higher iron oxide and lower silica
and alumina, while warm ochre contains high alumina and silica, but
also very high iron (see Bikiaris et al. 1999).
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slip coating was obtained by levigating a different clay from
that used for the body fabric.

There seem to be no consistent differences in chemical
composition between the red slips on the Old Kingdom
bowls and the red slips used for the Ptolemaic pots (Fig. 10a
and c), but within each period, the composition of slips is
quite variable.

Two dark slips from Old Kingdom bowls were analysed,
one from a non-calcareous and probably plant-tempered
bowl (KOD6, fabric NC1; Fig. 9d) and one from a bowl
with calcareous and fossiliferous fabric (KOD7, fabric CF2;
Fig. 9e). The slips were made using different clays, as the
slip of KODG is richer in potash and iron oxide and poorer in
calcium oxide than the slip on KOD7. Both slips contained
more alumina and potash than the respective fabrics, and
less calcium and iron oxides. The clays used for these slips
were probably not from the same sources as the clays used
for the pots.



Archaeol Anthropol Sci (2021) 13: 208

Page 150f23 208

Fig. 10 Kom Dahab: SEM-BSE
images of Ptolemaic slips, a

red slip on a fish-plate (sample
KOD18); b white slip showing
some vitrification on a short
rim amphora (sample KOD3);

¢ thin (<0.02 mm) red slip on

a cooking pot (sample KOD15)
(photographs by M. Spataro ©
Trustees of the British Museum)
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Only some traces of a white slip were visible on sam-
ple KOD3 (fabric NC4), a Ptolemaic short rim amphora. It
was perhaps made using a dolomitic clay, rich in magnesia,
calcium oxide, and potash (SI Table 3, Fig. 10b). The clay
used for the white slip was from a different source from that
used for the body fabric, richer in soda, magnesia, potash,
and calcium and poorer in alumina, silica, and iron oxide.

Firing temperatures

Two Old Kingdom bowls—both of alluvial clays and includ-
ing a Meidum bowl—were fired below 800 °C and three
Meidum bowls—two of marl (KOD7 and 8, fabrics CF1
and 2) and one of alluvial clay (KOD6, fabric NC1)—were
fired at higher temperatures, as clay filaments had started
to vitrify (Table 1). Of these, the fabrics of the marl bowls

(samples KOD7 and 8) are vitrified, although calcareous
clays start vitrifying at lower temperatures than non-calcare-
ous clays (e.g., Tite and Maniatis 1975; Table 1 and Fig. 11).
The Ptolemaic ceramics were almost exclusively fired below
vitrification point (<850 °C), with some pots showing the
first stages of vitrification of the fabrics (Table 1; Fig. 11).

Discussion: the potters of Kom Dahab
The ceramic chaine opératoire
Sourcing raw materials

Analysis indicates that different sources of local raw mate-
rials were exploited by the potters at Kom Dahab.

@ Springer



208 Page 16 of 23

Archaeol Anthropol Sci (2021) 13:208

Fig. 11 Kom Dahab, firing
temperatures: SEM-BSE images
of (top left) a red-slipped cal-
careous Old Kingdom Meidum
bowl (sample KOD8), showing
a slightly vitrified paste; b an
unfired Ptolemaic amphora
(KOD11); ¢ an echinus bowl
(KOD19) with a well-fired but
not vitrified fabric; d a cooking
pot (KOD14) with a vitrified
fabric (photographs by M. Spa-
taro © Trustees of the British
Museum)
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Petrographic analysis showed that all the Ptolemaic
vessels analysed were made from non-calcareous Nile silt
clays, confirming macroscopic observations of the exclu-
sive use of such clays for the local wares of this period.
Along with sand temper, Nile silt would have been read-
ily available locally. Textual evidence from Ptolemaic and
Roman Egypt, such as lease contracts between estate own-
ers and itinerant craftsmen, confirms that pottery work-
shops were often located in the vicinity of sustainable clay
sources (Fiille 1997, 121-122). For example, a second-
century AD contract (P.Tebt. 2.342.26-29) specifies that
the potters are allowed to extract the earth, the porous clay,
and the sand from an unused field located to the south of
their amphora workshop, with the cost of the extraction
of the clay and its transport to the workshop at the charge
of the potters (Gallimore 2010, 167; Burkhalter 2013,
256, note 43). The collection of clay could be handled
by potters’ assistants or independent clay miners (Grace
and Empereur 1981, 421; Nicholson and Patterson 1985,
222-225; Gallimore 2010, 166-167).

Compositional analysis suggests at least two distinct local
clay sources at Kom Dahab. Ptolemaic kitchen/household wares
appear chemically very similar to the Old Kingdom slipped
bowls (Fig. 7), indicating long-term continuity in the exploita-
tion of local clays sources of a distinctive composition. The
clay used for making amphorae was compositionally somewhat
different, surprising in view of the limited degree of chemical
variability that is often observed among Nile Delta silts (Bour-
riau et al. 2006). In a previous study, it proved difficult to detect
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mineralogical and chemical variations in the ceramic fabrics,
even using, as well as polarised microscopy, multiple chemical
techniques, such as neutron activation analysis and SEM-EDX
(Spataro et al. 2019).

Imports were identified only among the Old Kingdom
pottery. Two of the analysed Meidum bowls were made
of untempered marls with microfossils (KOD 7 and 8).
As suitable marl outcrops are lacking in the region,
they could have been imported, e.g. from the Memphite
region.

Selecting clay

Analysis suggests that Kom Dahab potters chose chemically
different clays for some ceramic classes, even if the fabrics
show strong mineralogical similarities and were often tem-
pered with the same tempering agents. There is no clear
pattern discernible among Ptolemaic utilitarian wares: two
cooking pots (KOD14 and 16) were made with a similar
raw material to that used to make a hydria(?) and an echinus
bowl (samples KOD17 and 19); and a so-called fish-plate
(KOD18) was made with a similar fabric to that of two cook-
ing pots (KOD13 and 15).

A different, magnesium- and iron-rich clay, however, was
used only to make amphorae (Figs. 7 and 8). This could have
been a deliberate choice, as these elements promote vitrifica-
tion at relatively low firing temperatures (see Spataro 2009),
which could provide an economic advantage by saving fuel
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in wood-poor Egypt.!? Alternatively, the clay might have
been selected for the whiter colour produced by its calcium
oxide content (Spataro 2009, 70), creating a product more
attractive to consumers on account of its greater similarity
to light-coloured Greek amphorae and thus aimed at another
type of economic advantage. Yet another possibility might
be that amphorae were made in a different season, and the
annual flooding cycle restricted access to a clay source for
part of the year. Indeed, the production of amphorae is often
seen as a seasonal activity in pottery workshops (Cockle
1981, 93). Wine amphorae needed to be ready for the har-
vest between mid-July and the end of September, coinciding
with the inundation season.'* Several months of manufacture
were necessary, from the collection of clay to the firing of
the containers, through the preparation of clay, the shaping
and drying of the amphorae.'

In terms of production organisation, two different sce-
narios are possible, either one and the same potter choosing
specific raw materials for different types of pottery, or dif-
ferent workshops or workshop traditions using different raw
materials and recipes for their specialised wares, yet sharing
the use of the same kilns.

The use of particular clays for particular shapes is a well-
attested phenomenon. At Ashmunein in Middle Egypt, for
example, Late Roman amphorae VII in Nile silt were pro-
duced alongside plain and fine wares made out of Nile and
marl clays (Ballet et al. 1991, 137-38). Fine, light-coloured
marl, it seems, was a preferred choice for certain Egyptian
wares, which would explain its occasional trade, attested in
the fourth century BC.'® Clays of different qualities were
also sometimes specifically mandated in lease contracts. A
third-century AD contract (P.Oxy. 50.3595-3597) stipulates
that the estate owner had to supply the potters with three
sorts of earth (x odg), for the production of 15,300 ampho-
rae per year: friable (x avv6y106), sandy (dppodyerog), and
black (peldvyerog) clays (Gallimore 2010, 165; Burkhalter
2013, 255), perhaps references to Nile silt, desert marl, and
mineral temper (sand, quartz) (Cockle 1981, 92-93).

13 A diversity of other fuel types is, however, documented for
Graeco-Roman pottery workshops, see e.g. Kenawi and Mondin
2019; Moller and Rieger 2019.

14 The firing of amphorae is recorded between late May and late July
in one lease contract: Burkhalter 2013, 255.

15 On the various steps of amphora manufacture and relevant papyro-
logical sources, see especially Gallimore 2010 and Burkhalter 2013.
On the organisation and phases of production in the Ptolemaic period,
see also Grace and Empereur (1981), on the Zenon Archive.

16 In the Eastern Delta ceramic workshop of Tell el-Timai XRF
analyses identified perfume bottles made with marl clay from Upper
Egypt (Hudson et al. 2018), and in Tell Atrib in the southern Delta
amphorae were found containing raw marl clay that was used to man-
ufacture amphorae copying Levantine torpedo models (Defernez and
Marchand 2016, 149).

Processing clay

The clays used to make pots at Kom Dahab were sometimes
poorly processed, as fine organic matter, bone fragments, soil,
and clay pellets are present in the fabrics. In fact, two of the
three unfired amphora samples (KOD1 and 2, fabrics NC6 and
6 subgroup b) contain occasional organics, which reinforces
the idea that clays were not always thoroughly processed. In
many cases, fabrics also appear tempered, though naturally
occurring inclusions cannot always be clearly distinguished
from deliberately added temper. The kitchen, household, and
tablewares, made using similar clay sources, display a variety
of temper types. Three of the four cooking pots with verti-
cal or horizontal handles (KOD13-16) were made by add-
ing sieved sand to the clay. The conspicuous presence of fine
sand in Ptolemaic cooking ware fabrics has also been noted
macroscopically at other sites (e.g., David et al. 2016, 11-12)
and may be linked to sand temper improving the functional
properties of cooking wares such as thermal shock resistance
(Kilikoglou et al. 1998). For other table and household shapes,
the picture is more varied. The ‘fish-plate’, a food-serving
dish, was not tempered. The echinus bowl and the hydria(?)
were probably sand-tempered.

Among the transport amphorae, two main fabric groups
could be distinguished. Each comprises both fired and non-
fired sherds and finds from within and outside the kiln. The
groups do not, however, reflect a typological distinction
(both comprise long and short rim amphorae) but rather a
diachronic development: thus, the earlier (mostly slipped)
amphorae of the third-century BC were mostly sand-tem-
pered, in some cases with possibly sieved sand, while the
later (mostly non-slipped) amphorae were either not tem-
pered (sample KOD11) or plant-tempered (samples KOD9
and 10). This development coincides with what can macro-
scopically be observed about Kom Dahab’s amphora produc-
tion, which seems to go through stages of experimentation,
perfection, and cost-effectiveness (Masson-Berghoff forth-
coming b, esp. Figure 190; Spataro and Masson-Berghoff
forthcoming). The fact that the only amphora (KOD1) not
to feature the magnesium- and iron-rich amphora clay is
from the earliest Ptolemaic context fits in well with a sce-
nario of early ‘experimentation’. The introduction of plant
temper is of particular interest, as plant temper had a long
tradition in Egyptian (but not Greek) pottery technology,
notably for coarser wares (Ownby and Brand 2019; Nord-
strom and Bourriau 1993; cf. Spataro et al. 2019). Also, the
analysed Old Kingdom Nile silt bowls from Kom Dahab
may have been plant-tempered, even if otherwise their fabric
is well-processed and richer in finer sand than that of the
Ptolemaic kitchen and tablewares. Appearing only in the
second-century BC, the use of plant temper for the Kom
Dahab amphorae, however, seems not so much a Pharaonic
‘survival’ but rather a deliberate and perhaps primarily

@ Springer



208 Page 18 of 23

Archaeol Anthropol Sci (2021) 13: 208

economically motivated strategy, aimed e.g. at enhancing
production speed or creating lighter vessels (and thus adding
to the advantages of a fuel-efficient clay).

Finishing surfaces

Thin slips were applied to many, but not all, vessels in both
the Old Kingdom and Ptolemaic periods. The pots were some-
times smoothed before being slipped. Chemically, the slips on
an Old Kingdom red-slipped bowl (KOD5) and a Ptolemaic
red-slipped fish-plate (KOD18) are very similar, again suggest-
ing that the same raw material sources were being exploited
locally over a long period of time. Overall, though, the compo-
sition of Ptolemaic red slips is quite varied, and compositional
data from slip samples are more variable than compositional
data from ceramic pastes, particularly in magnesia, potash,
and iron oxide contents (SI Table 3), revealing less standardi-
sation in surface treatment than in pot-making. Nonetheless,
potting and slipping were closely connected: red and dark slips
were most likely obtained by levigating non-calcareous clays,
mixed with iron oxides. The only analysed white slip, on a
third-century BC short rim amphora (KOD3), had high potash,
magnesia, and calcium oxide contents, maybe suggesting a
dolomitic origin for the source clay, and thus the use of differ-
ent clays for slip and body fabric (as also observed for two Old
Kingdom bowls, KOD6 and KOD7).

Firing and post-firing treatments

The reddish surface colour of the non-calcareous vessels shows
that they were fired in oxidising conditions. Fabrics were gen-
erally fired below vitrification (Table 1), suggesting that both
functionality and economy were of concern. The question arises,
though, whether the fact that the Kom Dahab transport ampho-
rae were not highly-fired was fully counteracted by the use of
clay that, as suggested earlier, probably had a lower vitrification
point. According to preserved contracts, potters were legally
obliged to supply only amphorae of good quality, i.e. well fired
and without cracks (Gallimore 2010, 173—177; Burkhalter 2013,
253). Yet containers manufactured in Nile silt are especially lia-
ble to firing and leakage issues (Nicholson 2010, 6). In addition
to the choice of specific Nile clay and/or recipes, surface treat-
ments were another way to mitigate any permeability problems,
as inner coatings, such as resins, could make amphorae imper-
meable. However, no pitch was macroscopically detected on the
amphorae found at the site and no pitch-furnace nor any pitch
containers have been discovered during excavations.'” One pos-
sibility is that finished amphorae were transported empty to be

17 Pitching activities are attested at the large Roman amphora work-
shop of Akademia in the Mareotic region, where black resin stored in
Gazan amphorae was uncovered: Pichot and Senol 2015. On amphora
pitching in general: Gallimore 2010, 177-182.
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pitched and filled elsewhere. This practice is attested in papyri
of the mid-third century AD (P.Cair.Zen. 4.59611 and 4.59741:
Gallimore 2010, 179), but already Ptolemaic texts stress the
necessity for potters to hire teams of experienced craftsmen and
indicate a division of labour between potting and resin coating
(Burkhalter 2013, 259-261).

Making pottery in the Ptolemaic Nile Delta

The finds from Kom Dahab indicate a well-organised,
professional local pottery production centre of substan-
tial scale and breadth. At least two, but probably more,
kilns were in operation during the Ptolemaic period, with
production focused on transport amphorae but including
a wide range of utilitarian and tablewares. Raw materials
were sourced locally, but comprised clays of at least two
distinct chemical compositions, one of which was already
used in the Old Kingdom, while the other may only have
become accessible in the first-millennium BC.

To better understand the craft of the potters at Kom
Dahab in its wider geographical and cultural context, we
compared our results to previous work on pottery of the
Late Period and Ptolemaic era, conducted with the same
analytical techniques and instruments (Spataro et al. 2019).
This earlier study focused on vessels found (and mostly also
probably produced) at Naukratis, located not far from Kom
Dahab on the Canopic Nile branch (Fig. 1). As an interna-
tional port where Egyptian and non-Egyptian people and
traditions had come into contact several centuries before the
Ptolemaic period, the site provides a valuable comparison
for Kom Dahab. Besides Greek and Egyptian-style pottery
from Naukratis, the study included Late Period Egyptian and
Ptolemaic wares from other Lower Egyptian sites.

The fabrics of fourteen Late Period to early Ptolemaic
table and household vessels (as well as two terracotta figu-
rines and a scarab mould) from Naukratis, Memphis, Tanis,
Tell Dafana, and Saqqara were analysed by SEM—EDX (Spa-
taro et al. 2019, table 5). Except for two ‘marl’ grinding
bowls from Tell Dafana,'® all were made of Nile clay, and
similarly to the analysed Kom Dahab material most were not
tempered or sand-tempered, with only few plant-tempered. "
The Kom Dahab ceramics appear to be chemically distinct
(based on Fe and Mg levels) from these vessels (Fig. 12),
though in the amphorae Fe levels are higher and thus closer

18 Not included in the plot of Fig. 12.

19 Naukratis: six sand- or not tempered objects (one Late Period
Greek-style vessel, two Ptolemaic Black Ware vessels, one scarab
mould and two Egyptian figurines) and one plant-tempered Late
Period Egyptian vessel; Tell Dafana: one not tempered (?) Late
Period Greek-style vessel, two not tempered (levigated?) Late Period
Egyptian vessels, one plant-tempered Egyptian vessels; Saqqara: one
not tempered Late Period Egyptian vessel; Memphis and Tanis(?):
one sand-tempered (?) Ptolemaic Black Ware vessel each.



Archaeol Anthropol Sci (2021) 13: 208

Page 190f 23 208

3.0
Legend q
@ Kom Dahab cooking pot or tableware °
Kom Dahab amphora
® Naukratis i
TiO2
® Tell Dafana MgO MnQ 151@ AI203
® Memphis g FeO
°
Saqqgara
@ Tanis U ~
® d®
Cca0 < oA Component 1 (38.0%)
8 7 -6 5 ’ 4 2 1 o |
[ ] 3
§ K20 o Sio2
.—1.5 &. ° °
o~
€ °
o
c
o
o
£ °
o
-3.01 O

Fig. 12 Kom Dahab and other sites: principal component analysis
output (components 1 and 2), based on SEM-EDX compositional
data from the Kom Dahab samples (except the two calcareous sam-
ples KOD7 and 8) and the samples analysed from Naukratis, Tell

to vessels from Naukratis. The analyses thus lend further
confirmation to evidence from archaeology that the assem-
blages were made in different places and show that variations
in chemical make-up can reflect regional differences. This is
remarkable given the often-observed general chemical close-
ness of Nile clays across the Delta, and considering that the
Canopic Nile branch, on which Naukratis lay, also fed the
Khenes system responsible for the alluvial deposits of the
area around Kom Dahab, which should thus be very similar
(Toonen and Pennington forthcoming). However, geologists
have also noted that the alluvium at the western fringes of
the Delta is notably sandier compared to Nile muds of the
central delta plain, because of the continued influx of aeo-
lian material from the nearby desert, and it may be that this
influx, as well as the local sands sourced by potters as tem-
per, influenced its chemical composition.20 Also, the chemi-
cal separation of amphorae and other vessels at Kom Dahab
is in part perhaps due to Nile silt being diluted to different
degrees by aeolian sand (with negligible Fe). Kom Dahab’s
Ptolemaic potters, it seems, drew not just on ‘pure’ Canopic
alluvial deposits, but on naturally occurring mixtures when
they exploited the region’s diverse clay sources.

At Kom Dahab, none of the Ptolemaic household and
tablewares (and none of the amphorae) analysed was
made with levigated clays, or with fine clays which were
then plant-tempered. This corresponds to observations on
analysed third-century BC vessels from Naukratis, Mem-
phis, and Tanis (?) (which like the Kom Dahab pots were
modelled on Greek shapes), as well as on the earlier, sixth

20 Toonen and Pennington forthcoming; on sands in Nile sediments,
Garzanti et al. 2015. Stable Fe values have, however, been observed
over a long period of time at the Nile Delta site of Kom Wasit some
distance north of Kom Dahab: Pennington et al. 2019.

Dafana, Memphis, and Tanis (all made of Nile clay with or with-
out temper). PCA was carried out using Past v. 3.18 (Hammer et al.
2001). Each point represents the average of four bulk analyses of an
individual vessel (see Table 2 and Table 5 in Spataro et al. 2019)

century BC Greek-style vessels likely made at Naukratis
(Spataro et al. 2019, Tables 1 and 4, samples 1, 13, 14, 23,
30, 31). It contrasts clearly, however, with the picture pre-
sented by sixth century BC vessels of Pharaonic tradition,
such as a red-polished jar and a red-slipped cup from Tell
Dafana, that were made with levigated clays from which
coarse inclusions had been mechanically removed, a red-
slipped cooking pot from the same site made with a very
fine plant-tempered clay, and a likely plant-tempered plate
from Naukratis (Spataro et al. 2019, Tables 1 and 4, samples
10, 24-26).

The choice of temper types thus seems to reflect different
technical and cultural traditions. The lack of plant temper
and the use of fine silts is characteristic for the Greek-style
chaine opératoire that was introduced to sixth-century BC
Naukratis by Greek immigrant potters and that lived on
in Ptolemaic wares, while the contemporaneous Egyptian
tradition often included added plant temper (Spataro et al.
2019, 1059-60).%! This is apparent also in shapes originally
of foreign origin, such as sixth-century BC grinding bowls
(mortaria) (Spataro et al. 2019, Tables 1 and 4, samples 27,
28). This widely popular shape had been introduced to the
Egyptian repertoire from Cyprus and was often made with
plant-tempered marl fabrics, traditional recipes that were
presumably chosen, at least in part, so as to replicate the
original vessels’ light-coloured appearance.

Spataro et al. (2019, Tables 1 and 6) also analysed red
slips and red paint on the seventh- to sixth-century BC Nile
silt pottery of both Egyptian and Greek traditions. They were

2l Recent, albeit rare, finds of decorated pottery of Cypriot type
made in Nile silt raise the question whether perhaps also Cypriot pot-
ters worked at Naukratis (Thomas and Villing forthcoming).

@ Springer
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made following a similar recipe to that used at Kom Dahab:
the clays were levigated, as their only visible inclusions are
very fine quartz grains and iron oxides (Spataro et al. 2019,
1080 and Fig. 5a and b). However, they were much richer
in iron oxide than those from Kom Dahab. No white slips
were analysed.

A more diverse picture is represented in terms of firing
temperatures. Both the Old Kingdom and Ptolemaic ceram-
ics from Kom Dahab were mainly fired below the point of
vitrification (< 850 °C). A similar relatively low firing tem-
perature was observed in Late Period Egyptian vessels from
Saqgqara, Tell Dafana, and Naukratis (< 850 °C), in contrast
to the Late Period and early Ptolemaic Greek-style ceramics,
all but one of which were fired close to or above vitrification
region (> 850-900 °C) (Spataro et al. 2019, 1078-1080).

The analyses of the seventh-/sixth century BC pottery
suggest a cultural divide between coexisting Egyptian and
foreign (Greek) pottery traditions on Egyptian soil. Due to its
status as international harbour town, Naukratis is, however,
an exceptional case. More widespread and substantial inter-
action and evidence for greater convergences are generally
observed only from the Ptolemaic period, underpinned by
a radically different balance of (political and social) power.
In the study by Spataro et al. (2019), this development was
represented by some third-century BC bowls and plates from
Memphis, Saqqara, and Tanis that are typical examples of
Egyptian ‘Black Ware’, imitating Greek black-glazed vessels
(e.g. Marchand 2002, 2013). Manufactured in a very silty
paste slipped and fired (usually) at high temperatures, Black
Ware was one aspect of a widespread fashion for Greek-
inspired vessels that were added to the Egyptian repertoire in
the late fourth- to early third-century BC. Our analyses sug-
gested that, besides shapes and styles, technology could also
betray Greek influence, as in some instances plant ash was
used to improve the slips’ dispersion and appearance, reflect-
ing a long concern of Greek potters with improving the
fluxing or flocculation of black glazes. Related processes of
cultural adaptations have been observed at many Ptolemaic
sites (e.g. Blondé et al. 2002; Defernez and Marchand 2006;
Masson 2011; Ballet and Potudnikiewicz 2012), including
in the workshops at Buto, where not just Greek and Roman
shapes but also kiln technology were adopted, such as in the
making of local versions of black glazed and sigillata wares
(Ballet et al. 2019, 72-109, 138-143, 185-191).

The Kom Dahab workshop offers another example of this
same phenomenon. Its repertoire of trade amphorae, cooking
pots, and tablewares largely derives from a Greek tradition.
Also, the application of a white slip to its earliest production
of transport amphorae may have been intended to replicate
the appearance of Greek amphorae, widely imported, used,
and reused across Egypt. However, contrary to what can
be observed at Naukratis (and Alexandria and many other
sites), there is a conspicuous absence of any Black Ware, or

@ Springer

black-slipped, tablewares at Kom Dahab. This could suggest
that Kom Dahab catered to the demands of people who did
not necessarily follow the fashion for hellenised tablewares.
Most Ptolemaic settlements in the region of Kom Dahab, in
fact, received few imports and produced few black-slipped
wares (Thomas forthcoming b). It is important to note,
though, that this is only partly a regional phenomenon.
Most tableware from Kom Dahab does not predate the late
third-century BC and thus belongs to a period when, from
around the middle of the third- and especially in the second-
century BC, potters in Egypt more generally began to take
their repertoires into new directions. This included some
workshops adopting an oxidised, red slip finish for their
tablewares, which not only mirrored Italian sigillata wares
but also the millennia-old Egyptian preference for red slips
(Defernez and Marchand 2016, 141). Our observations of
plant-tempered fabrics re-appearing in the second-century
BC amphora production at Kom Dahab could be one further
aspect of this same phenomenon, reviving old, Pharaonic
traditions and technologies, even if driven primarily by eco-
nomic considerations.

Conclusions

As a case study, analysing the wares made by the potters
of Kom Dahab not only offers new insights into the pottery
production of Ptolemaic Egypt but also contributes more
widely to understanding the mechanisms of pottery produc-
tion as shaped by environmental, cultural, and economic fac-
tors; it also highlights the contributions made by different
methodologies.

On a more general level, compositional and technologi-
cal investigations revealed similarities and differences in
clay fabrics at all stages along the chaine opératoire—
from raw material choices to different manufacturing tech-
niques, such as recipes for body pastes and slips, to firing
technology and regime. These could be shown to be influ-
enced by functional considerations, organisation of labour,
as well as economic concerns such as cost-effectiveness;
interestingly, the latter intersects with cultural choices and
traditions. There were also clear indications that within a
single workshop tradition, pottery technology could evolve
over time in response to economic and consumer demands,
affecting the choice of raw materials, fabric recipes, and
surface treatments.

To Egyptian pottery studies, the analyses contribute, for
the first time, distinct chemical characteristics for pottery
made at Kom Dahab, as some non-calcareous fabrics of both
Old Kingdom and Ptolemaic date showed close similari-
ties to each other, as well as clear differences from wares
made at Naukratis and other sites. This not only suggests
that certain local clay sources were exploited over a long
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period of time but also indicates the existence of subtle dif-
ferences between alluvial Nile Delta wares from different
centres. These results are encouraging especially in view of
the often strong chemical and mineralogical similarities that
pose significant challenges for provenancing Egyptian Nile
silt pottery. It may be that the site’s particular geological
evolution and its position between desert and delta is partly
responsible for this result. This natural setting may also be
one of the reasons why Kom Dahab potters were able to use
specific clays to make different ceramic classes.

As the compositional analysis showed, table and kitchen
wares were made at the site using similar raw materials,
but amphorae were produced with a distinct clay, rich in
iron oxide and magnesia. Slipped and unslipped ampho-
rae of different types were manufactured with that same
clay over a period stretching over up to two centuries.
Several hypotheses were put forward as possible factors
behind this choice, including the seasonality of amphora
production (potentially determining access to certain clay
sources), functional and economic reasons (related to a
likely lower vitrification threshold of the amphora clays),
and/or the existence of workshops specialised in differ-
ent pottery classes. Petrographic investigation showed
that fundamentally the same temper types, such as sieved
sand and plant tempers, and in a few cases no temper,
were used across all shapes—amphorae, kitchen- and
tablewares. It also, however, suggested an evolution in the
recipes used for making amphorae, with an experimental
stage in which a specific raw material source began to be
exploited, and a late phase characterised by a ‘return’ to
traditional ‘Egyptian’ methods of plant tempering. Finally,
the greatest technological variability and experimentation
within each period was noted in the recipes used for creat-
ing slips, which in some instances might derive from the
same (but levigated) clays as the vessel body, and in others
from different sources, and which could feature admixtures
such as iron oxide.

The importance of cultural traditions emerged as a con-
stant factor in the pottery production of Ptolemaic Kom
Dahab, yet one that was subject to choice more than a mat-
ter of ‘ethnic’ identity. We have no reason to assume that
Kom Dahab’s potters were Greeks, yet like most Ptolemaic
potters much of their shape repertoire (and partly their fabric
recipes) was of Greek origin, and they slipped their ampho-
rae to better resemble Greek ones, so as to meet consumer
expectation. And when the long Egyptian tradition of plant
tempering was revived in later Ptolemaic amphora produc-
tion, this was presumably done primarily because it afforded
an economic advantage. The popularity of Greek-style Black
Wares, too, was neither universal nor lasting. The fact that
they are entirely absent in the output of Kom Dahab fur-
ther underlines the regional diversity of Ptolemaic Egypt.

Although situated close to international centres with strong
Greek links such as Naukratis or Alexandria, the potters
of Kom Dahab produced a range and style of wares that
catered to a local or regional clientele with slightly different
preferences.

Supplementary Information The online version contains supplemen-
tary material available at https://doi.org/10.1007/s12520-021-01457-3.
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