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Abstract

The interdisciplinary study of Egyptian- and Greek-style pottery found in the Nile Delta aims to test and expand the potential of
different scientific methods to identify regional variation and cultural traditions in ceramic fabrics from a relatively uniform
geological setting. Neutron activation analysis (NAA), polarised light microscopy and SEM-EDX analyses were used to examine
raw materials and technological tradition in 32 objects, including 15 previously partly analysed pieces, chosen to test the
hypotheses of (a) chemical and (b) technological variation between regionally and/or culturally distinct pottery traditions.
Several hundred published NAA data from other studies of Egyptian ceramics were re-assessed within this work. Our NAA
results confirmed that all 28 objects analysed originated in Egypt, but could not distinguish production centres. Polarised light
microscopy clarified the chaine opératoire and highlighted Greek and Egyptian technological traditions and regional variations
in the production of macroscopically similar ware (e.g. Black Ware). SEM-EDX was essential in distinguishing different recipes
used for slips, suggesting patterns of technological transfer and adaptation.

Keywords chaine opératoire - NAA - Polarised microscopy - SEM-EDX - Egyptian pottery - Slips

Introduction

Ceramic objects are a sensitive category for analysing change
and interaction among pluri-ethnic communities. Scientific
methods can be vital to such research. The present article
employs an interdisciplinary scientific approach to a set of
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ceramic objects from first-millennium BC Egypt as a case
study of the contribution that neutron activation analysis
(NAA), polarised light microscopy (PLM) and scanning elec-
tron microscopy used with energy-dispersive X-ray spectrom-
etry (SEM-EDX) can make to investigating cultural and tech-
nological change and exchange. It aims to test the limits and
explore and expand the potential of the three methods in the
context of an environment, the Nile Delta, that is characterised
by great natural (geological) uniformity and consistency, but
also by highly dynamic processes of historical and cultural
change.

From the seventh century BC, interaction with the
Mediterranean world and the influx of foreigners from
Greece, Persia, Cyprus and the Levant fundamentally trans-
formed the world of ancient Egypt (Vittmann 2003). The Nile
Delta, Egypt’s Mediterranean interface, became a key arena
for interaction, especially with immigrant Greeks from the
Eastern Aegean (‘East Greeks’). Material culture reflects these
processes. In particular, recent research has begun to reveal the
pottery workshops of first millennium BC Egypt as dynamic
environments, in which external influences and internal
change affected form, decoration, technology and usage
(Defernez 2002, 2011; Marchand 2011; Defernez and
Marchand 2016). However, such conclusions have been based
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mainly on archaeological and stylistic observations, while
archacometric and technological work in Egypt has been
largely confined to earlier periods of the Old and New
Kingdom in sites in the Nile Valley, and to the later Roman
period (cf. Ownby 2011, 2016; Peacock and Williams 1986).
Little attention has been paid to the Late Period (664-332 BC)
Nile Delta and its diverse material culture.

The present article aims to expand the scholarly horizon by
applying a multi-pronged archaecometric approach to a place
that was a hub of cross-cultural interaction: Naukratis.
Founded in the late seventh century BC as an international
port for Egypt, Naukratis, in the western Nile Delta (Fig. 1),
was home to both Greeks and Egyptians, and provided fertile
ground for the development of shared practices (Villing 2015;
Villing et al. 2013-2019). As a pilot study for examining the
pottery traditions of the Late Period to Ptolemaic (323-30 BC)
Nile Delta, we address questions of provenance, technology
and change, including questions of technological transfer,
through the lens of three different, complementary scientific
methods, applied to a carefully chosen small sample of 31
objects from Naukratis and other Nile Delta sites and one
sample from Miletos.

We first set out our research questions and their back-
ground, as well as our sampling and methods. This is followed
by three sections summarising the results of NAA, petro-
graphic analysis and SEM-EDX. Their implications with re-
gard to understanding provenance, tracing technological
change and exchange and developing future avenues of re-
search are examined in the following discussion and in the
concluding remarks. We will argue that despite considerable
geological homogeneity, local and cultural variability and
chronological change can be detected especially in technolog-
ical choices and manufacturing processes, with the chemical
study of slip emerging as a particularly promising avenue for
future research.

Research history and questions

Scholarship has long noted the existence of locally made
Greek-style pottery and other ceramic wares in Egypt, ex-
plained as products of emigrant Greek potters or as local im-
itations of imports. Examples of the sixth century BC and later
were observed at Naukratis (Edgar 1905), but also at sites such
as Tell Dafana (Cook 1954, 38) and Tell Kedwa (Oren 1984,
18-19, 27) in the Eastern Nile Delta (Fig. 1). These have
traditionally been identified as made from local “Nile silt’,
based on the macroscopic identification of a dark brown gritty
fabric distinct from the fine wares found on the Greek main-
land. In 1983, Dupont (1983, 36 n. 38; Dupont and Thomas
2006, 80) scientifically confirmed the phenomenon. His
chemical analyses of two Archaic Greek-style pottery frag-
ments from Naukratis detected an alluvial Nile clay,
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characterised by high levels of titanium and low potassium
(Table 2, Dupont group G). In 2004, Mommsen used NAA
to identify 14 pieces of pottery as made of Nile silt (Mommsen
et al. 2006; cf. Mommsen et al. 2012). The chemical group
thus discerned (QanN, see Table 2 and discussion below)
comprised Archaic Greek-style pottery vessels, Egyptian style
pottery, Ptolemaic pottery and Hellenistic kiln supports from
Naukratis, including one of the pieces earlier analysed by
Dupont (sample no. 4 in the present article), but also a
Greek-style vessel (no. 23) found at Tell Dafana.

Given the Greek style of many of the analysed pieces and
Naukratis’ unique status as the earliest and most prominent
Greek settlement in Egypt, Schlotzhauer and Villing (2006)
initially hypothesised that group QanN represented work-
shops located at Naukratis, in which Greek and Egyptian
craftsmen collaborated in producing wares for local and re-
gional consumption. However, questions remained regarding
the scientific validity of this precise localisation. While some
scholars had discerned localised chemical patterns in Nile
Delta wares (Bellido Bernedo 1989; Al-Dayel 1995;
Redmount and Morgenstein 1996; Mallory-Greenough,
Greenough and Owen 1998; Bourriau 1998; Bourriau et al.
2006; cf. Bourriau et al. 2000a, 133—135), including Nile silt
wares, distinctions were clearest between marl and alluvial silt
clays and between different marl (calcareous) and kaolinitic
fabrics (e.g. Redmount and Morgenstein 1996; Bourriau and
Nicholson 1992), clays that had resulted from a series of geo-
logical processes over the past 500 million years and that only
partly showed a differentiated geographical distribution.'
Within alluvial fabric, in contrast, several studies had noted
that it was difficult or impossible to chemically distinguish
between different Nile Delta sites, both in modern raw clay
(Tobia and Sayre 1974) and in ancient ceramics (Hancock
et al. 1986a; cf. also Bourriau et al. 2000a, 135; Ownby
2011, 755-758). Variations, if observable, seemed linked less
to regions and more to (widely distributed) Nile sediments of
different geological ages, as suggested by Allen et al. (1989),
Hancock et al. (1986b) and Michelaki and Hancock (2013),
who reported elemental concentration depth profiles for dif-
ferent sites in the Delta, with varying limestone and silica
additions or dilutions in these sediments.

Variation was clearer in petrographic studies. For example,
Bourriau et al. (2000b, 10) found that macroscopically similar

! Kaolinite clays deriving from Nubian sandstone were deposited by the
Tethys Sea in the Lower Cretaceous, principally at Aswan and in the western
desert oases of Kharga, and Dakhla. Marl clays, originating from shale and
limestone, are found along the Nile valley between Esna and Cairo and in the
western oases, deposited between the Upper Cretaceous and Miocene. Alluvial
“Nile silt” or ‘silt’ clay is the youngest product, deposited by the Nile along its
valley and delta, including far away from present course river branches, be-
tween the Upper Pleistocene and the present. See Bourriau and Nordstrom
1993, 157-161.
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Fig. 1 Map indicating the main
sites mentioned in the text. Map
data © Google, Mapa GISrael,
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fabrics among eighteenth dynasty pottery contained more
abundant quartz, limestone and mica at Amarna and more
plant remains at Memphis, which they interpreted as different
potters’ recipes. Such recipes may influence chemical compo-
sition, but only to a limited extent. XRF of ten samples of two
distinct Old Kingdom pottery fabrics from Giza by Ownby
(2009 ; cf. Ownby 2011, 752—755) revealed consistent differ-
ences in two elements (aluminium and iron), interpreted as
reflecting varying amounts of added quartz sand temper.
This work raises the question of whether QanN is a
site-specific group, as originally suspected, or in fact en-
compasses a broader region. It also highlights the

+ 4"Nile Delta"

¥ Toll Kedwa
@ @ 1cll Dafana

A

importance of addressing the agency of the potter, such
as the role of raw materials versus potters’ preparation,
and the potential impact of different cultural traditions.
The hypotheses to be tested are that (a) chemical and (b)
technological variation can be distinguished in the pottery
traditions of the Egyptian Nile Delta, and that this varia-
tion was determined (a) naturally and (b) culturally.

We therefore aim to investigate two issues, one more meth-
odological, the other more archaeological:

» The difficulty of determining the precise provenance
of ceramics made within the Nile Delta, by reason of
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the geochemical and mineralogical homogeneity of
this region, and the role of human versus natural
agency.

*  Understanding the nature and transformation of Greek and
Egyptian pottery traditions in the Late Period Nile Delta,
including the role of Egyptian-Greek interaction, adapta-
tion by immigrant craftsmen and cross-fertilisation be-
tween different crafts.

The two questions are intimately related, since unless
the problem of provenance is resolved, it is more diffi-
cult to understand patterns of production, trade and
exchange.

Regarding the first question, previous scholarship
(discussed below) has noted the rather uniform character
of Nile alluvium, thus hampering efforts to chemically
distinguish different local productions. Some studies,
however, have observed chemical or petrographic differ-
ences between ceramics from different Nile Delta sites.
This study aims to test the reliability of provenance attri-
butions within the Delta, and to disentangle natural factors
(geographic variation in sediment sources) from human
factors (i.e. geographical differences in pottery technolo-
gy). New NAA results from a set of samples from differ-
ent sites are compared with the compositional patterns
reported by previous researchers, applying a common sta-
tistical approach to the relevant data sets so as to better
understand the limited variation in chemical signatures of
Egyptian ceramics.

Regarding the second question, the chaine opératoire
(clay processing, slipping, firing, etc.) and ceramic tra-
ditions of Greek and Egyptian potters need to be con-
sidered, in order to discern potential differences and
instances of technological transfer. How does Greek-
style pottery made in Egypt differ from traditional
Greek pottery, and from Egyptian pottery? Did immi-
grant potters in Egypt adapt to the local environment
and engage with local traditions? To what extent did
external factors shape the development of Egyptian pot-
tery in the Late to Ptolemaic periods? Microscopic and
chemical analysis is employed to assess ceramic tech-
nology, with attention being paid not just to core mate-
rial but also to slips.

Sampling and methods

A total of 32 objects were examined: 17 new objects, and 15
which had previously been analysed with NAA (Table 1).
NAA was carried out on 13 new pieces, and the previous
NAA results and chemical data published by other scholars
were critically re-evaluated. Petrographic and SEM-EDX
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analyses were carried out on 16 objects, 12 of them also
analysed by NAA 2

The analysed objects (Fig. 2) comprise finds from five sites
in Egypt: the Greek-Egyptian port town of Naukratis in the
western Nile Delta (21); the Egyptian towns of Tell Dafana (6)
and Tanis (1) in the eastern Nile Delta; and the capital city of
Memphis (1) and its necropolis Saqqara (1 sample) at the apex
of the Delta near Cairo; one sample has an unknown findspot
but probably comes from Naukratis; another comes from
Miletos in western Asia Minor. Samples were chosen to cover
a range of typical, well-dated and likely local wares from
Naukratis and other, geographically widely separated key sites
of the Nile Delta that represent some of the main types of
ceramic products to have been manufactured in the region,
in different cultural and chronological styles yet mostly using
Nile silt, and within a limited chronological range, chiefly the
sixth to third centuries BC. This was done with the aim to
address the following questions:

* Provenance: objects likely to have been made in Naukratis
were compared to samples thought to have been made in
the eastern (Tell Dafana, Tanis®) and southern (Memphis,
Saqqgara) Nile Delta, primarily in alluvial but also in marl
or mixed marl/silt clays. For Naukratis, local craft produc-
tion from ¢. 600 BC is ascertained through finds of moulds
and wasters for faience scarabs, terracotta lamps and
terracotta figurines and vessels in Greek and Egyptian
style (Masson forthcoming; Thomas 2013-2019a, b;
Schlotzhauer 2012, 62—-65; Spencer 2013-2019; Villing
2013-2019). Our samples comprise objects for which lo-
cal production is certain (terracotta figurine waster no. 21;
scarab mould no. 19; kiln furniture nos. 16, 17) as well as
highly likely, based on style (Archaic Greek-style pottery
and lamp nos. 1-9, 18). For other material from Naukratis
and other sites, local production was considered likely
based on findspot, though a Greek-style amphora from
Tell Dafana (no. 23), found among Greek pottery in the
site’s Egyptian sanctuary (Leclére and Spencer 2014), was
suspected to be an import from Naukratis.

» Technological traditions and change: distinctive, East
Greek-style products of sixth century BC Greek pottery
workshops operating in Egypt (nos. 1-9, 23) were
contrasted with contemporaneous Egyptian ceramic pro-
duction (nos. 10, 24-26, 29), all made using alluvial clays.

2 A core of 12 samples for both NAA and petrographic/SEM-EDX analysis
was chosen at the start of this phase of the project, guided by archaeological
and macroscopic fabric assessment. Only some of the objects previously
analysed by NAA were available for thin sectioning, but additional pieces
representing specific archaeological groups were selected for petrographic
and SEM-EDX so as to expand the scope for technological examination.
This selection process explains why there is no complete overlap between
the sample groups for each method.

3 The likely findspot of Tanis is inferred from the date and circumstances of the
object’s acquisition by the British Museum, researched by Jeffery Spencer.



Archaeol Anthropol Sci (2019) 11:1059-1087

1063

Table 1  List of ceramic samples analysed for the project, including NAA (Bonn) and petrography (British Museum) sample numbers and

groupings. BM British Museum, London

Sample | Museum number Image Description Date Find site
No.

Archaeological assessment | NAA NAA NAA Petrography | SEM-
and publication sample |grouping | provenance |no. EDX
no.

Oinochoe, Nile

Local; typical East Greek shape

silt with East 6th _ and decoration, _probably made _ 7449-19
1 BM 1965,0930.536 Greek style (éegtury Naukratis :};igiil;poﬁer in local Nauk 81* | QanN Nile Delta (Group 3) fabric

painting Villing 2013-2015, 12 fig. 21

Plate with Local; typical East Greek shape

pierced lug- 6" and decoration, probably made
2 BM 1924,1201.43 handle, Nile silt |century |Naukratis by Greek potter in local Nauk 9* | QanN Nile Delta

with East Greek |BC workshop.

style painting Villing 2013-2015, 15 fig. 34

Local; typical East Greek shape

Plate, Nile silt [ Naukratis, sanctuary of the and decoration, probably made
3 Boston, MFA 86.533 with East Greek | century Dioskourc;i Y by Greek potter in local Nauk 25* | QanN Nile Delta

style painting BC worksho

p.
Villing 2013-2015, 15 fig. 32

Plate, Nile silt | 6"
with East Greek |century |Naukratis
style painting BC

Cambridge, Museum
4 of Classical
Archaeology NA 48

Local; typical East Greek shape
and decoration, probably made
by Greek potter in local Nauk 33* | QanN Nile Delta
workshop.

Villing 2013-2015, 14 fig. 33

;Iea:sevg'tl:g 6 Local; typical East Greek
5 Boston, MFA 86.934 hande, century | Naukratis Sfiape, prabably made by Nauk 27* |QanN  |Nile Delta
burnished Nile BC _re_ek potter in local workshop.
silt Villing 2013-2015, 16 fig. 35
Amphora or Local; typical East Greek shape
hydria, Nile silt | 6" Naukratis, sanctuary of and decoration, probably made
6 BM 1886,0401.83 with painted century Apollo wéll Y by Greek potter in local Nauk 83 |QanN Nile Delta
bands, votive BC pollo, workshop.
graffito to Apollo Villing 2013-2015, 14 fig. 27
Small dinos, Cromi
7 BM 1965,0930.739 ::Ijtm\;fnzsg Nie gmu Naukratis, sanctuary of :ﬁ;’a’gn‘l’f‘l’ﬁ;ﬁﬁfa Nauk 82* | QanN Nile Delta
’ . rz;ﬁito (to BC Y Aphrodite ? Greek potter in local workshop.
gphwd“e 2 Villing 2013-2015, 11 fig. 20
Jug with ribbed 6t Local; Greek shape, probably
8 BM 1910,0222.232.b Dok e st |century | Naukratis made by Greek potter inlocal | N i 14+ | QanN | Nile Delta
reek graffito BC workshop.
‘deka’ Villing 2013-2015, 12 fig. 22
. . Naukratis?; probably made by
aiilgbrﬁggsémhes Jug with ribbed | 6" in the same workshop as BM
9 Papyrussammiun neck, Nile silt, century | Unknown, possibly Naukratis | 1910,0222.232.b. Nauk 19* | QanN Nile Delta
728%’ 9 Carian graffito  |BC Schiotzhauer 2012, 168-171

no. Nau 139, pl. 30c-e

They were compared with products of different crafts,
terracotta figurines (nos. 20-23) and faience scarab
moulds (no. 19) of a culturally mixed character.
Examples of later Ptolemaic ‘Black Ware’ (BW) pot-
tery (Gill 2012), which imitate black-glazed Greek
tableware but were generally fired in reducing rather
than oxidising conditions, were compared between
different sites (nos. 13, 14, 30, 31). A range of pot-
tery mortaria (nos. 11, 12, 27, 28) were examined as
suspected Egyptian copies of Cypriot and Greek

vessels linked with the spread of new culinary cus-
toms (Spataro and Villing 2009).

In addition, one sixth century BC sample from Miletos (no.
32), an East Greek city heavily involved in trade with Egypt
and hometown of some of the early Greek settlers at
Naukratis, was included to test our hypothesis that it might
be an import from Egypt, as it macroscopically resembled
Nile silt wares.

@ Springer
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Table 1 (continued)
Local/regional; typical Egyptian
. 7th-6th style plate, probably made by .
10 BM 1965,0930.501 Riate, bumished | century | Naukratis Egyptian potter in local or Nauk 79* |QanN  |Nile Delta Zé‘r‘fuz% fabric
BC regional workshop P
Spencer 2013-2015, 4
Egyptian copy of Cypriot
Mortarium with Early 6" grinding bowl; local or import
1 BM 1910,0222.15 raffito century | Naukratis from other Egyptian centre? Nauk18* | Marl Egypt
9 BC Villing 2006, 40 fig. 23; Villing
2013-2015, 17-18 fig. 39
. . Local?; typical Greek shape
th
Mortanum with | 4 . (grinding bowl), probably made "
12 BM 1965,0930.966 ribbed handle, century | Naukratis in Greek (?) workshop Nauk105 | single
o silt? ?
Nile silt? BC Villing 2013-2015, 18 fig. 41
Late 4 Local; the frequency and
BW bowl or 3 similar character of BW finds at 7449-2 fabric
13 BM 1965,0930.737 S Naukratis Naukratis suggest local Nauk 121 | QanN Nile Delta and
plate, Nile silt century production (Group 1) slip
BC Villing 2013-2015, 22
BW closed fn_qst Naukratis or Nile Delta?; fabric
14 BM 1888,0601.636 vessel, Nile silt | century |Naukratis ;:)’l‘;sl‘:)?'ifn‘;?r{a"°"' couldbe N2k 120{QanN | Nile Delta Zé‘r‘fl;; ) |end
> ;
(amphora?) BC Villing 2013-2015, 22 slip
o Naukratis or Nile Delta?;
5; ;Z:Z?\mlr? silt 2m unusual decoration, could be
15 BM 1886,1005.12 ainted floral century | Naukratis local or import. Nauk 17* | QanN Nile Delta
z " BC Schlotzhauer and Villing 2006,
lecoration 65 fig. 42
ond Local; use and pre-firing graffito
Pot stand/kiln, : suggest local production. " "
16 BM 1910,0222.233 Nile silt, furniture gecn;ury Naukratis Schiotzhauer and Villing 2006, Nauk 15* | QanN Nile Delta
! 65 fig. 43
Pot stand/kiln ond Local; use and pre-firing graffito
furniture, Nile . suggest local production. " .
17 BM 1910,0222.243 sit, with pre- geg;ury Naukratis Schiotzhauer and Villing 2006, Nauk 16* | QanN Nile Delta
firing graffito : 65 fig. 44
. Local; typical Greek-style lamp
Cambridge, Museum S|8N - " .
18 of Classical G_Irteek lamp, Nile century | Naukratis :lkel)l/ maﬁehby a Greek potter in Nauk 34* QanN Nile Delta
Archacology NA 256 si BC ocal workshop. assoc. assoc.
Villing 2013-2015, 6 fig. 9
Local; mould from local
workshop producing Egyptian
and mix Greek-Egyptian style
Scarab mould early 6th . it
19 BM 1965,0930.914 with faience century | Naukratis, ‘scarab factory’ giz‘::dsgs;a&i' E:‘éirdfze local | Nauk 122 | QanN Nile Delta (7(‘3‘:‘:;2 1a) | fabric
traces, Nile silt BC limited use-life, local
manufacture seems likely.
Masson forthcoming

The scientific methods employed in this study address
these issues in different ways, by revealing the chemical fin-
gerprint of a fabric and its constituent parts, as well as its
technological features. NAA measures the concentration of
trace elements in homogenised bulk samples, which will vary
with the addition or removal of mineral inclusions, though
these technological choices may only have minimal effects
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on the ratios between trace elements which are rare in mineral
inclusions. Scanning electron microscopy with energy disper-
sive spectrometry (SEM-EDX) can measure elemental con-
centrations in either the clay matrix or particular inclusions.
SEM backscattered electron (BSE) images allow the measure-
ment of inclusions and the study of microstructures and vitri-
fication. Thin section petrography by polarised light
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Table 1 (continued)
Local; Egyptian-Greek
iconography with bearded
5th Greek-style face on Egyptian
Phallic terracotta " phallic figure of which many 7449-21 .
20 BM 1973,0501.52 figurine gsgﬂuw Naukratis examples are known from (Group 1b) fabric
Naukratis.
Thomas 2013-2015a, 48 with n.
403
Local; found at figurine
Waster of 3rd to ! v
. . workshop alongside another
21 BM 1886,0401.1452 ferracotta nd 2‘::";:?1"5;"’1”‘;?‘;:5’#(2‘2‘35) piece from the same mould Zéf:fzs) fabric
9 v P Thomas 2013-2015b, 4-5, cf. P
pregnant woman | BC fig. 6
4t gt Egyptian ( Naukratis?) or
22 BM 1886,0401.1463 IﬁaL?: Lefr;arf]‘:r‘]a century | Naukratis Cypriot? Nauk123 | QanM Nile Delta
9 BC Bailey 2008, 152 no. 3590
" - Naukratis workshop?; typical
23 BM 1888,0208.57 " " decoration, probably made by a | Defe 10* | QanN Nile Delta and
Greek style enclosure ("Qasr"), east Greek potter (Group 8) slip
painting annex (G), chamber 18 Villing 2013-2015, 14 fig. 30
&h Tell Dafana, Findspot 51, Local? Typical Egyptian shape fabric
Cup, red-slipped domestic buildings in the and finish . 7449-4
24 BM EA 23704 Nile silt g%ntury urban area to the east of the | Leclére and Spencer 2014, 93, Defe 19| QanN Nile Delta (Group 9) :I?d
Saite enclosure. 103 no. EA 23704, pl. 34 P
& Tell Dafana, storage complex I;zgatll'?_lizr{pical Egyptian shape fabric
25 BM EA 22301 iﬁ‘{e r:"‘:'p""sr‘ed century ?%ii’ﬁ?;'i’;;f’:ﬁ:}eef’(‘g;’s“re Leclere and Spencer 2014, 94 |Defe20 |[QanN | Nile Delta Zé‘r‘:f’ g |
BC g g fig. 13, 105 no. EA 22301, pl. P slip
chamber 3 35
Tell Dafana, Findspots 51,
domestic buildings in the Local? Typical Egyptian shape
Cooking-pot, [ urban area to the east of the |and finish 74497
26 BM EA 23658 red-slipped Nile |century |Saite enclosure, or Findspot | Leclére and Spencer 2014, 93 | Defe 21 | QanN Nile Delta (Group 9a) fabric
silt BC 52, south-eastern quarter of | fig. 10, 103 no. EA 23658, pl. P
the Saite enclosure, area of |33
ironsmith's workshops
6h Egyptian copy of Cypriot
Mortarium, marl grinding bowl; local or import 7449-10 .
27 BM EA 23685 ' ware gegtury Tell Dafana from other Egyptian centre? (Group 10) fabric
Villing 20086, 37 fig. 19
Cypriot import or Egyptian copy
%1 . [ of Cypriot grinding bowl, made
28 BM EA 23708 \l:vllgrr;anum, marl century | Tell Dafana locally or imported from other Zéf:[ﬂ 111) fabric
BC Egyptian centre? P
Villing 2008, 37 fig. 20

microscopy (PLM) looks at the minerals and rock fragments
naturally present in or added to ceramic fabrics. A further
question is therefore whether a combination of different tech-
niques, as applied in this study, can determine provenance
more precisely and reliably than any single technique.

For NAA (for data, see Appendix), a sapphire (corundum)
10-mm drill bit was used to extract about 80 mg of powder from
an undecorated area. NAA was carried out at the Rheinische

Friedrich-Wilhelms-Universitdt Bonn (following Mommsen
et al. 1991; Mommsen 2011). Samples were irradiated at the
research reactor of the Reactor Institute Delft, and, after 4 weeks
of measurement in the Bonn laboratory, quantitative weight con-
centrations were determined using the Bonn pottery standard
(Mommsen and Sjoberg 2007). Since this standard has been
calibrated with the Berkeley pottery standard, NAA data from
the Berkeley laboratory are directly comparable with the Bonn

@ Springer
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Table 1 (continued)
. 7th-6th fabric
Jar, red-slipped Local? " 7449-6
29 BM EA 68254 ' Nile silt cBegtury Saqgara cemetery Villing 2013-2015, 6 fig. 7 Saqq 1 QanN Nile Delta (Group 13) 2{.‘;
Local? BW was produced at
Late 4" numerous sites in the Nile
: § o . . Delta, including possibly Tanis. - fabric
30 BM EA 22102 SBI\I{V dish, Nile ce?;ltu E:zi‘:m Nile Delta, likely from The fabric appears denser and | Tani 1 QanN Nile Delta Zé?ogug 7a) and
i finer than that of BW at P slip
BC N
Naukeratis.
Unpublished
Local; Memphis was a prolific
and leading centre of Egyptian
Late 4" art and craft production and fabric
BW plate or -3¢ L BW pottery has been noted in " 7449-8
31 BM EA 65990 dish, Nile silt century Memphis, pit of Ramesses Il workshop contexts. However Memp 1 |QanN Nile Delta (Group 7) :Irild
- BC the fabric appears not P
dissimilar to that of Naukratis.
Unpublished
& Naukratis? The fabric and finish
Miletos excavation Bowl, Nile silt Miletos, settlement at suggest production by Greek " QanN .
32 number K86.97.6 with pink slip | S | Kalabakiebe potters in Egypt. Milet 41| cer) Nile Delta
Unpublished

?Published in Mommsen et al. (2006)

data. To compare the different concentration patterns of mea-
sured samples (see Tables 2 and 3), we used a statistical package
developed in Bonn that works like a filter (Mommsen et al.
1988; Beier and Mommsen 1994a, b). It is able to extract from
a large data bank all samples with similar data patterns, taking
into account experimental uncertainties and also the possibility
that the clay fraction of the paste might have been diluted by
different amounts of e.g. sand (SiO,) or calcite (CaCOj3) or en-
hanced by levigation (Mommsen and Sjoberg 2007). This is
done by calculating a best relative fit factor, the so-called dilution
or enhancement factor, with respect to the given filter pattern.
For petrographic and SEM-EDX analysis, a thin slice
(c. 1 cm?) taken from the object was sent for thin sectioning
and the polished uncovered thin sections were examined using
a polarising microscope (Leica DMRX) and by SEM-EDX. A
Hitachi S-3700N variable pressure (VP) scanning electron
microscope was used to study the microstructure and chemical
composition of ceramic fabrics and slips. The SEM was used
at a pressure of 30 Pa with a 20-kV accelerating voltage. Four
SEM-EDX bulk analyses (each covering an area of ¢. 1.5
1.0 mm) were carried out on each sample, using Oxford
Instruments’ default calibration. Nine oxides (Na,O, MgO,
Al O3, Si0,, K0, Ca0, TiO,, MnO and FeO) were detected
and measured. Using Oxford Instruments EDX AZtec
Analyser software, results were converted into oxide percent-
ages, normalised (oxygen by stoichiometry) to take into ac-
count the fact that oxygen and carbon are not measured. By
combining SEM-EDX results from a dense network of spot
measurements covering a larger area of the sample, the AZtec
Analyser software is able to compile distributional maps for
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the various elements. The results, when compared to BSE
images of the same area, can be used (for example) to identify
opaque mineral inclusions, differentiate between the pottery
matrix and fragments of grog temper or check whether a par-
ticular element is associated with post-depositional contami-
nation. Elemental maps were created of sample nos. 24 and
30, in order to compare the compositions of the clay used for
the fabrics with those of the black and red slips.

Results
NAA
Nile silts: pattern ‘QanN’ and ‘QanM’

With the exception of sample no. 12, a chemical singleton, all
the sherds macroscopically attributed to Nile silt fabrics be-
long to group QanN, with two classified as QanN associated
(no. 18 [Nauk 34], because of lower concentrations of mainly
the rare earth elements [REE], no. 31 [Milet 41], primarily
because of elevated Cs). We examined whether the QanN
samples could be further subdivided into groups that might
coincide with findspots and suspected production places, but
no coherent compositional clustering is evident. In the follow-
ing, we discuss the implication of this finding, as well as set
our own results in relation to the data and observation of other
scholars who have analysed Egyptian Nile silt wares.

The concentration pattern of group QanN is shown in
Table 2, first data column. Only the values of Ca, Fe and K
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