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Abstract

This study investigates how the technology of Coptic Glazed Ware (CGW) — which is one of the earliest examples of Islamic
glazed pottery — was developed, allowing for an insight into the mechanisms that contributed to the making of early Islamic
material culture. The range of technologies of 20 CGW samples recovered from different sites in Israel was reconstructed, based
on the characterisations by thin-section petrography, optical microscopy, and scanning electron microscopy energy-dispersive
spectrometry. Our results show that the samples were originated from Aswan, Egypt. The procurement of kaolinitic clay from
local deposits to form the ceramic body and slip, as well as the preference of painting as the principal mode of decoration,
represents a continuation of the local fine ware tradition (Egyptian red and white slip ware and Coptic painted ware). The use of
lead glaze was more akin to the Byzantine glaze technology. The CGW technology is further distinguished by the use of a diverse
range of colourants and how the coloured glazes were prepared. Although individual elements of the CGW technology display
influences from preceding and contemporaneous pottery technologies, it was not until the production of CGW that all these
elements were combined together for the first time, highlighting the innovative character of the CGW technology. We argue that
such innovation was born out of a strong local fine ware tradition that was embedded in the landscape of highly specialized craft
production, while stimulating by a desire to establish new identities and new material representations by the Arab-Muslim
newcomers.

Keywords Glaze technology - Mediaeval ceramics - Early Islamic period - Egypt - Levant - Technological change

Introduction Particular emphasis has been placed on the opaque glazed

wares because tin-opacified glaze technology was advocated

The emergence of Islamic glazes in the eighth century had
sparked a chain of revolutions in ceramic technology, produc-
tion and consumption habits and artistic representations. As
such, Islamic glazes are the focus of many art-historical and
technological studies (e.g. Mason 2004; Watson 2004, 2017).
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as a genuine Islamic invention originating from Iraq around
the ninth century, driven by the desire to imitate Chinese por-
celain (Mason and Tite 1997). Recent re-examination of the
evidence, however, suggested that the opaque glaze technol-
ogy was likely developed from the lead-tin pigment used to
create yellow decoration of the early Islamic Egyptian-origin
Coptic Glazed Ware (CGW) (Matin et al. 2018; Tite et al.
2015; Watson 2014, 2017: 481-83, 486—88). This new link
is made based on the analysis of two CGW samples — one
recovered from the site of Madaba in Jordan (Matin et al.
2018) and one from the Alexander Kaczmarczyk collection
of Egyptian glazed wares (Salinas et al. 2019; Tite et al. 2015)
— mostly focusing on the yellow glaze. Thus, we still know
very little about the features of the CGW technology and its
development, even though CGW is now being placed at the
starting point of this drastic change in ceramic technology.
CGW was first identified by Rodziewicz (1976) in the ex-
cavation of Alexandria, Egypt. An early eighth century date
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was designated to CGW as its fragments were found to have
deposited on top of some Roman houses dating to the sixth
and seventh centuries. CGW is subsequently reported to be
present in various locations throughout the Levant (see Matin
et al. 2018: 43, section 2.1 for overview; see also Grossmann
etal. 2009: 205-208; Konstantinidou 2015; Taxel 2014: 121—
22, Table 1). Rodziewicz proposed that Egypt was the original
production centre of CGW, but these vessels bear little simi-
larity, especially in terms of their composition, to the products
from the workshops in Fustat (Mason 1997: 208; Mason and
Keall 1990). CGW is identifiable for its open vessel form (e.g.
bowl or plate) and flat base, often with straight walls, plain
rim, pink ceramic fabric and multihued painted decoration that
was applied either under or over the glaze. In their respective
description of the CGW assemblages from Alexandria and
Aqaba, Rodziewicz (1976) and Whitcomb (1989) both no-
ticed that these bowls display similar formal and stylistic ele-
ments to Egyptian red and white slip wares and Coptic painted
ware, which were derived from the Late Roman fine ware of
north Africa, Asia Minor and Cyprus. With this observation in
mind, one may wonder the extent to which the technology
used to make CGW was also similar to these existing ceramic
traditions.

To investigate how this early Islamic glaze technology de-
veloped, the CGW assemblages from various sites in central
and southern Israel are the focus of this study (see Taxel 2014
for a review of CGW finds in historical Palestine). In this
study, thin-section petrography, optical microscopy and scan-
ning electron microscopy energy-dispersive spectrometry
were used to characterize the CGW technology, including
the sources of raw materials, the preparation methods of ce-
ramic body, slip and glaze and the method and order of glaze
application. This is followed by a discussion of the CGW
technology in relation to existing ceramic traditions — with
special attention to local unglazed fine ware and Byzantine
and pre-Islamic Mesopotamian (mainly Sasanian) glaze tech-
nologies — to establish the potential technological connection.
By referring to the sociohistorical context under which the
CGW technology was developed, it allows for an insight into
the mechanisms that fuelled the change in ceramic technology
during the early Islamic period.

Materials

Given the restricted access to the Egyptian material, we turned
to the CGW collections from early Islamic Palestine. CGW is
said to have a wider distribution than opaque glazed and lustre
ware in Palestine with its presence being reported in both
urban and rural settlements (Taxel 2014: 133), but its relative
quantity within each assemblage is still very low. We have
sampled 20 CGW samples that were recovered from five sites
(Fig. 1). All samples represent a bowl form with straight wall
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and plain rim, which are morphological and stylistic features
typical of CGW as mentioned above. Some of these CGW
samples have already been published in the relevant excava-
tion reports, whereas the publication of other samples is un-
derway. The sites where the samples came from are plotted on
Fig. 2, in which the site locations refer to the archaeological
sites and the DMS geographical coordinates are based on pub-
lished data. The description of the sites and samples are as
follows:

(1) Ramla was a major inland coastal urban centre and the
capital of early Islamic Palestine. Two of the sampled
bowls were found in a Tel Aviv University excavation
(Tal and Taxel 2008: 128, Fig. 6.83: 1, 2), and eight
bowls were retrieved from a Hebrew Union College ex-
cavation (Kohn-Tavor 2017: 25, Fig. 2.1). These bowls
were originated in mixed contexts, usually not earlier
than the ninth century.

(2) Jaffa was an important harbour town. Two of the sam-
pled bowls were originated from a Tel Aviv University
excavation at the site." The context of the sampled bowls
dates to the late eighth or ninth century.

(3) Yavneh was an inland coastal town. An Israel Antiquities
Authority (IAA) excavation was carried out there, yield-
ing two bowls we sampled.? The first bowl (CG06) came
from a context dated to the mid-/late eighth to ninth cen-
tury, and the second bowl (CG13) was retrieved from a
ninth-century context.

(4) Yavneh-Yam was the entrepot of Yavneh and a military
stronghold, where two of the sampled bowls were found
in a Tel Aviv University excavation (for one of the bowls,
see Taxel 2014: 131-132, Fig. 3: 2).3 As in the case of
the Ramla samples, the Yavneh-Yam bowls were recov-
ered from mixed contexts, usually not earlier than the
ninth century.

(5) Khirbat ‘Amra was a rural settlement in the northern
Negev (the Beersheba Valley). An IAA excavation was
carried out there* and retrieved three additional bowls we
sampled, all of which are tentatively dated to the ninth
century.

The samples were exported under the permit issued by the
TAA. Although no evidence of CGW production was retrieved

! The Tel Aviv University excavations in Jaffa were directed by Alexander
Fantalkin in 2000-2001. The final report is in preparation by Fantalkin and
Taxel.

2 The IAA excavations in Yavneh were directed by Eli Yannai in 2010-2012.
The final report is in preparation by Yannai and Taxel.

3 The Tel Aviv University excavations in Yavneh-Yam were directed by
Moshe Fischer in 1992-1999 and by Fischer and Taxel in 2005-2011. The
final report is in preparation by Fischer and Taxel.

* The IAA excavations in Khirbat ‘Amra were directed by Gil Tahal in 1993—
1994. The final report is in preparation by Noé David Michael and Taxel.
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Fig. 1 The CGW samples included in this study (The samples were not photographed to scale)

from these sites, these bowls are ideal for reconstructing the = a combination of green, honey, yellow, brown and white
technology or the range of technologies used to make CGW  glazes. The exterior surface of most samples was not covered
because they have preserved a diversity of surface decora-  with slip and glaze, but in some samples, the presence of slip
tions. The interior surface of these bowls was decorated with  and glaze is identified in the area below the rim, which might

Fig. 2 Map showing the sites in
southern and central Asia where
the samples under studied were
recovered and the sites that were
mentioned in text. The DMS
geographical coordinates are 29
31 50.46601872 N and 034 59
58.35994404E for Agaba, 31 13
52.78927080 N and 029 58
23.17427940E for Alexandria
and 30 05 14.69101308 N and

031 19 40.06580628E for Fustat.

The map was prepared by Emil
Aladjem

@ Springer

Mediterranean

@ Jaffa
Yavneh-Yam @ @ Ramla
Yavneh

@ Alexandria @ Khirbat ‘Amra

Nilg

@ Fustat

@®Agaba

50 100 km




Archaeol Anthropol Sci (2020) 12: 27

Page50f 19 27

Fig. 3 Photomicrographs showing the fabrics with quartz, plagioclase
feldspar, biotite, amphibole, volcanic rock fragments of basaltic
composition and iron-rich nodule, but the inclusions shown in (a) are
coarser-grained and less frequent than those in (b)

have been the result of the slip and glaze being brushed over
unintentionally when applying the decoration on the interior
surface. We tried to extract more than one glaze colour sample
from each vessel, but it was not possible in some cases as this
would have destroyed the integrity of the bowls (Table 1).

Analytical methods
Thin-section petrography

As an initial step, petrographic analysis was performed on the
samples to identify their mineralogical and textural (e.g. abun-
dance, shape, size of inclusions) characteristics. By comparing
with the local geological data, the mineralogical composition
of the samples allows for establishing their potential prove-
nance, which is of crucial importance in this case as the CGW
samples under studied were not recovered from sites of pro-
duction. The textural characteristics of the samples, on the
other hand, provide useful clues to understand how potters
prepared the ceramic paste. All samples were prepared at the
UCL Wolfson Archaeological Sciences Laboratories and
analysed using the LEICA DM EP Polarization Microscope.
For the description of the petrographic data, the percentage
charts developed by Matthews et al. (1991) were used to esti-
mate the abundance of inclusions.

Optical microscopy and scanning electron microscopy
energy-dispersive spectrometry (SEM-EDS)

All samples were then submitted to examination by optical
microscopy, followed by SEM-EDS analysis, to characterize
the composition and microstructure of the ceramic body, slip
and glaze, constituting the basis of reconstructing different
aspects of glaze technology. These aspects include the prepa-
ration methods of slip and glaze, the method and order of
glaze application and the assembling sequence. The samples
were prepared in polished blocks and carbon-coated. Optical
microscopy was conducted at the Pitts-River Laboratory for
Archaeological Science, University of Cambridge, using the
Keyence VHX-6000 digital microscope.

SEM-EDS analysis was conducted at UCL Wolfson
Archaeological Science Laboratories using the CARL-
ZEISS EVO2S5 scanning electron microscope, fitted with the
Oxford Instruments AZtec energy-dispersive spectrometer.
The system was set to 20.0 kV accelerating voltage and collect
about 750,000 X-rays, which took about 22 to 25 s total per
measurement. The area of analysis is around 10 X 10 pm for
the glaze with no particles and crystallines and the ‘matrix’
(i.e. clear area) of the glaze that contain particles and crystal-
lines; and in the latter case, larger area of analysis (around
25 x50 wm) was also performed to include the particles and
crystallines in characterizing the glaze composition. These
particles and crystallines were subjected to further spot anal-
yses. The area of analysis for the slip is around 25 x 50 pm,
whereas the area of analysis for the ceramic body is around
200 x 300 um at x 50 magnification. It is worth noting that
although a larger area of analysis at low magnification was
used to examine the ceramic body, the resultant composition
represents an estimate value. That being said, the SEM-EDS
data, when interpreted with reference to the petrographic ob-
servation, are sufficient to highlight the variation in the com-
position of the ceramic body. The data presented below rep-
resent an average of three to five analyses. Even though three
to five analyses might not have reflected the full extent of
compositional variability that exists in the glaze, slip and ce-
ramic body, the number of measurements taken in this study is
consistent with the analytical protocol used by other re-
searchers in glaze analysis (e.g. Matin et al. 2018; Molera
et al. 2018; Salinas and Pradell 2018; Salinas et al. 2019;
Tite et al. 2015). The measurements were converted to oxides
by stoichiometry and normalized to 100 wt% to account for
the fluctuations in beam intensity and sample porosity. The
oxides with concentration lower than 0.1 wt% are not reported
here as they are below the limits of detection of the instrument.
Corning Glass B and C were analysed as the reference mate-
rials at the beginning of each analytical session to evaluate the
accuracy and precision of the measurements (Table 7). A co-
balt standard was analysed at regular intervals to monitor the
beam current stability.

@ Springer
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Results
Ceramic body

Petrographically, all samples have a pale-coloured fabric
(7.5YR 7/4 pink), characterized by similar mineralogical com-
position, including quartz, plagioclase feldspar, biotite, amphi-
bole, volcanic rock fragments of basaltic composition and iron-
rich nodule. Slight variation exists in the relative abundance and
grain size of the inclusions. The inclusions are coarser-grained
and less frequent in CG03, CG06, CG07, CG08, CG11, CG15,
CG16 and CG20. These samples are characterized by around
20% quartz, 10% iron-rich nodule and 5% or less biotite, pla-
gioclase feldspar, amphibole and volcanic rock fragments
(Fig. 3a). The inclusions range from 0.08 mm to 0.80 mm in
size, with a mode size of 0.32 mm. The remaining samples are
characterized by around 10% quartz and iron-rich nodule, 5 to
10% biotite and less than 5% plagioclase feldspar, amphibole
and volcanic rock fragments (Fig. 3b). The inclusions in these
samples are finer-grained, which measure between 0.08 mm
and 0.40 mm, with a mode size of 0.16 mm. SEM-EDS anal-
ysis reveals that all samples have a noncalcareous ceramic
body, with 0.4 to 1.9 wt% CaO (Table 2). The ceramic body
is further characterized by high Al,O; and Fe,O5 concentration,
which measures between 25.7 and 29.0 wt% and 3.8 and
5.8 wt%, respectively.

Table 2 Normalized composition (wt%) of the ceramic body of the
CGW samples by SEM-EDS. ‘-’ represents value that is below the
limits of detection

Sample no. Na,0O MgO ALO; SiO, K,O CaO TiO, Fe,04

CGO1 0.4 1.0 259 627 13 14 19 53
CG02 0.4 05 264 642 13 06 19 48
CGO03 0.3 06 270 633 11 05 18 55
CG04 0.5 07 283 616 14 05 19 52
CGO05 0.3 07 279 616 14 09 19 53
CGO06 0.7 08 260 624 19 12 17 54
CGO07 0.5 06 284 618 15 07 22 44
CGO08 03 06 263 647 12 06 18 45
CG09 0.4 05 277 628 15 05 20 48
CGl10 0.3 08 268 631 13 07 19 50
CGll1 0.4 08 275 619 15 11 20 47
CGI2 0.3 06 262 644 14 07 18 46
CGI13 0.5 1.0 274 612 15 09 17 58
CGl14 0.3 07 269 633 12 05 17 55
CGI5 0.4 08 265 625 14 12 20 52
CGl6 0.6 05 257 647 11 19 1.7 38
CG17 0.3 06 278 622 13 07 20 52
CG18 0.7 06 277 619 15 13 18 46
CG19 0.3 06 290 619 13 04 20 46
CG20 0.5 09 266 617 14 18 18 53

@ Springer

slip

Macroscopically, the presence of slip is recorded in all sam-
ples. The slip layer is particularly obvious in the area below
the rim of the exterior surface of the bowl, which is unglazed
in most cases (Table 1). The slip appears to be white or
greyish-white in colour, as confirmed by the optical micros-
copy (Fig. 4a to ¢). SEM-EDS analysis shows that the slip
layers have different texture from their associated ceramic
bodies, which is highlighted in the unglazed slip on the exte-
rior surface of CG15 (Fig. 4d). The examination of this sample
shows that the slip is 60 um thick, characterized by the pres-
ence of quartz inclusions that are homogeneous in size
(around 10 um) and clay. The composition of this slip has
higher Al,O3 and lower CaO and Fe,O3 concentration than
its associated ceramic body.

These textural and compositional characterizations also ap-
ply to the slip of the remaining samples. All slip layers mea-
sure between 55 pm and 90 um in thickness, which are iden-
tifiable for the presence of fine-grained quartz inclusions
(around 10 um to 20 pum). The slip has between 23.8 and
33.5 wt% Al,03, 0.2 and 1.6 wt% CaO and 1.2 and 3.7 wt%
Fe,05 concentration (Table 3). That being said, a major dif-
ference is noted in the slip composition between CG15 and the
remaining samples, as expressed in the PbO concentration.
The slip of CG15 has no PbO concentration or one that is
below the limit of detection, whereas the slip of the remaining
samples is rich in PbO concentration, measuring between 14.2
and 23.0 wt%. It is argued that lead oxide was sometimes
added to the slip to strengthen its adhesiveness to both ceramic
body and glaze (Molera et al. 2020); but if this was the case,
high PbO concentration should have been detected in both
glazed and unglazed surfaces of the bowl, and it was unlikely
that a separate slip was prepared just to cover the area below
the rim of the exterior surface. It is equally unlikely that such
high PbO concentration was achieved through reacting with
the glaze alone. Thus, at present, we do not have any plausible
explanation to account for the apparent variation in the PbO
concentration of the slip between the glazed and unglazed
surfaces.

Nonetheless, by comparing these values with the com-
position of the associated ceramic body and plotting them
in a series of biplots, a weak but positive correlation is
displayed between the two, suggesting that kaolinitic
clays from similar sources were used to make both slip
and ceramic body (Fig. 5a and b). It is worth highlighting
that the Al,O5: SiO, ratio changes from around 0.45 in
the ceramic body to 0.65 in the slip, both deviating slight-
ly from the ratio of kaolinite clay minerals, which is
around 0.85. Such changes in Al,O5: SiO, ratio might
have reflected how the slip was prepared, in which the
finest clay fraction was collected from the water surface
after allowing a clay-water mixture to settle. In this way,
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Fig. 4 Photomicrographs
showing the presence of a white
slip layer, as indicated by black
arrow, in (a) the green glaze of
CGO09, (b) the yellow glaze of
CG04 and (c) the brown glaze of
CG19 by optical microscopy and
backscattered electron image of
the unglazed slip on the exterior
surface of CG15 by SEM-EDS.
All special features are indicated
by yellow arrows and associated
description

20 pm EHT=20.00 kV Signal =HDBSD Mag = 200X
H WD =8.50mm 350 pA

most Fe>O3 and TiO,, which might have also occurred in ~ This fine clay was then mixed with some quartz inclu-
colloidal size, were collected in the fine clay fraction.  sions to form the slip.

Table3  Normalized composition (wt%) of the slip of the CGW samples by SEM-EDS. Surface: I = interior surface, E = exterior surface. ‘-’ represents
values that are below the limits of detection

Sample no. Surface Thickness (pm) Na,O MgO Al,O4 SiO, K,0 CaO TiO, Fe,04 CuO PbO

CGO01 I 70 0.6 0.3 27.0 46.7 1.7 0.2 1.3 2.3 0.3 19.6
CGO02 I 55 0.3 0.5 30.5 49.8 2.0 0.5 1.4 23 - 12.7
CGO03 I 60 12 0.6 272 42.0 1.8 0.3 2.0 2.7 - 222
CG04 I 70 1.0 0.4 29.1 47.9 2.7 0.3 1.7 24 0.4 14.2
CGO5 I 55 1.1 0.4 28.8 482 29 0.3 1.0 24 0.5 14.4
CG06 I 50 1.1 0.4 31.8 472 29 0.3 1.0 24 0.5 12.4
CGO07 I 60 0.9 0.6 26.4 473 1.7 0.4 1.4 1.2 - 20.1
CGO08 I 55 0.5 0.3 28.7 48.2 1.4 0.4 1.6 2.5 - 16.5
CG09 I 75 0.7 0.2 30.0 439 22 0.3 0.7 2.5 - 19.6
CH10 I 55 0.7 0.2 26.0 45.6 2.0 0.2 1.4 1.7 - 222
CHI1 I 70 0.7 0.4 23.8 48.5 1.6 0.3 12 2.5 - 20.9
CGI12 I 60 0.7 0.3 28.8 43.0 1.3 0.7 0.9 1.6 - 22.7
CGI13 I 80 0.1 0.3 29.8 47.1 0.8 0.2 0.6 24 - 18.7
CGl14 I 90 0.3 0.2 335 472 1.1 0.2 0.2 1.9 0.6 14.8
CGl15 I 50 0.5 0.5 28.2 50.3 1.7 0.4 1.5 3.5 - 13.5
E 60 0.3 0.7 36.0 55.2 1.5 0.3 2.1 39 - —
CGl6 I 70 0.6 0.5 31.3 45.8 1.7 0.3 1.1 34 - 15.3
CG17 I 55 0.7 0.3 253 49.5 1.9 1.6 0.7 3.7 0.4 159
CHIS8 I 55 0.8 0.4 24.5 51.0 1.1 0.4 12 2.5 0.5 17.7
CGI19 I 50 1.4 0.3 272 49.9 1.4 0.4 1.2 1.9 0.6 15.7
CG20 I 60 0.8 0.4 28.2 48.2 1.6 0.6 1.2 1.8 - 17.3
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Fig. 5 Biplots showing a weak but positive correlation exists between the
ceramic body and slip

Glaze
Microstructure

Glaze is found to be present only on the interior surface of all
samples, except CG01, CG03, CG09 and CG13 (Table 1). In
these four samples, glaze can also be seen on the exterior
surface but limited to the area below the rim, suggesting that
the glaze was unlikely applied to this surface on purpose.
Thus, the following discussion focuses on the glaze on the
interior surface, which was intended for decoration. Also note-
worthy is that a distinction is made between the particles and
crystallites that are present in the glaze. Particles refer to the
undissolved materials used to make the glaze and are identi-
fiable for retaining more or less their original shapes, whereas
crystallites are formed during firing.

Most glazes display signs of corrosion and little interaction
with the underlying slip. The thickness of the glaze varies,
ranging from 20 pum to 140 pm. Some green and honey glazes
have a few particles. These particles are mostly undissolved

@ Springer

quartz grains, which range from 30 pwm to 100 pm, as seen in
the green glaze of CG03, CG13 and CG14. The green glaze of
CG17 stands out for the presence of bright microcrystallites
that scatter throughout the glaze. These microcrystallites,
which are less than 5 pm in size, are also present in the yellow
glaze (Fig. 6a). The two white glaze samples have different
microstructure. The glaze of CG14 has undissolved quartz
grains that are up to 50 um in size (Fig. 6b), whereas CG15
has bright microcrystallites dispersing throughout the glaze
(Fig. 6¢). Dark crystallites and particles are identified in the
brown glazes, but these dark crystallites and particles have
slightly different characteristics. The dark crystallites in
CG04 are uniform in size (around 10 pwm) and occur in cluster
(Fig. 7a), and the dark particles in CG10 are coarser-grained
(40 um and 60 um) (Fig. 7b). The dark crystallites and parti-
cles in CG04 and CG10 are found in association with quartz
and bright equant crystallites that are 10 um and 20 pm in
size. The dark particles of CG12, CG15 and CG19 are coarser-
grained and more angular, measuring between 40 um and
100 um (Fig. 7¢ to e). These dark crystallites are found in
the glaze with bright microcrystallites, similar to those that
are present in the yellow glaze.

With the intention of preserving the integrity of the deco-
ration of the sherds in mind, we did not manage to sample the
areas where different coloured glazes overlap, which appear to
have been mostly along the border of the decorated patterns
and lines at the centre of each sample as shown in Fig. 1.
Owing to this possible bias caused by our sampling strategy,
a single glaze layer is identified in all but two (CG04 and
CGO08) samples. Double glaze layers are recorded in CG04,
which is marked by the presence of cluster of dark crystallites
and bright equant crystallites in the brown glaze and bright
microcrystallites of the yellow glaze on top of a glaze layer
with no particle or crystallite. Similar observation is seen in
CGO08, in which the bright microcrystallites of the yellow
glaze overlie a glaze layer with no particle or crystallite.

Composition

The glaze of most samples is classified as the high lead type,
with the PbO concentration measuring between 60.8 and
74.9 wt% (Table 4). The PbO concentration is lower in the
green glaze of CG03, CG06, CG12 and CG14, honey glaze of
CGO03 and CG16 and white glaze of CG14, which ranges from
38.9to 57.6 wt%. It seems that some kind of correlation exists
between the PbO concentration and glaze colours, with the
high lead type being linked to the yellow and brown glaze
and the lower lead type linked to the green and honey glaze.
This correlation will be further explored below. In all cases,
the glaze has low alkali value, with the sum of Na,O, MgO
and K,O concentration generally less than 1.0 wt%. The
Al,O3 and CaO concentration varies, ranging from 0.6 to
5.9 wt% and 0.1 to 3.5 wt%, respectively. An exception is
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Fig. 6 Backscattered electron
images showing the presence of
(a) Pb-Sn microparticles
scattering throughout the yellow
glaze of CG11; (b) transparent
glaze with undissolved quartz
grains over slip of the white glaze
of CG14; and (¢) Pb-Sn-rich
microcrystallites scattering
throughout the white glaze of
CG15. All special features are
indicated by yellow arrows and
associated description 20 ym
—

B=Sn rich
~microcrystallites

WD =8.50mm 350 pA

the glaze of CG03, which has higher alkali (>2.0 wt%) con-
centration. It has 5.6 to 8.8 wt% Al,O5 and 4.2 to 4.9 wt%
CaO, which is also higher than other samples.

Copper alloys were added to make the green glaze, char-
acterized by the presence 0of 0.9 to 3.9 wt% CuO and less than
1.0 wt% ZnO and SnO,. Higher SnO, concentration is record-
ed in the green glaze of CG04 and CG17. The honey colour
was achieved through the addition of iron oxide, resulting in
an clevated Fe,O; concentration that measures between 0.6
and 4.0 wt%. Lead-tin oxide was used to make the yellow
glaze, confirmed by the presence of bright microcrystallites
that are rich in PbO and SnO, concentration. A comparison of
the composition of the yellow glaze matrix (i.e. area clear of
any particles and crystallites) and larger area with particles and
crystallites shows that systematic variation exists between the
two. The composition of the larger area of all yellow glazes
tends to have higher SnO, concentration than the matrix,
which attributes to the limited solubility of tin oxides in the
glaze and the scattered distribution of the pigment particles
(Heck et al. 2003: 39). The identification of the use of lead-
tin oxide as colourant may also explain why the yellow glaze
tends to have higher PbO concentration because high lead
contents (ca. > 60 wt% PbO) would have prevented the disso-
lution and possible recrystallization of tin oxide crystallites.

The white glaze has different composition. The composition
of CG14 resembles a transparent glaze. The white glaze of CG15
is probably due to the use of lead-tin pigment, as evident in the
presence of the bright microcrystallites and higher SnO, concen-
tration in the glaze bulk. Whereas the transformation of the lead-

EHT =20.00kV  Signal =HDBSD Mag= 200X

X~
undissolved
quartz

trangparent
glaze
S

slip

20 pm EHT =20.00kV Signal =HDBSD Mag = 200X
H WD =8.50mm 350 pA

Pb-Sn rich
microcrystallites

EHT =20.00kV  Signal =HDBSD Mag= 200X
WD =8.50mm 350 pA

tin pigment from yellow to white is often facilitated through the
addition of alkali (Matin et al. 2018), such transformation could
still occur if the pigment was fired at higher temperature without
adding alkali (Molera et al. 1999; Tite et al. 2008). The brown
glaze has 0.6 to 3.6 wt% MnO in the matrix and 1.8 to 4.9 wt%
MnO in the larger area, which is related to the presence of the
dark crystallites and particles with high MnO concentration
(Table 5). The well-formed, equant crystallites that are found
together with the manganese-rich crystallites and particles in
CG04 and CG10 have high PbO, MnO and SiO, concentration,
resembling the composition of kentrolite (Pb,Mn,Si,Oy). The
bright microcrystallites in CG12, CG15 and CG19 are rich in
PbO and SnO;. In the case of CG10, copper oxide is also mea-
sured in the brown glaze, suggesting that more than one type of
colourants might have been used at the same time. For the sam-
ples with double glazes, the glaze that underlies the coloured
glaze only contains traces of oxides used for colourants, indicat-
ing that the glaze was likely transparent.

Discussion

Reconstructing the technology of the Coptic Glazed
Ware

Based on the results of the petrographic and SEM-EDS analysis,
the CGW technology will be discussed in terms of the procure-
ment of raw materials for the ceramic body, slip and glaze, the
methods used to prepare these raw materials and the assembling
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Fig. 7 Backscattered electron
images showing the presence of
(a) Mn-rich crystallites and
equant, well-formed Pb-Mn-Si-
rich crystallites in the brown glaze
over a transparent glaze of CG04;
(b) Mn-rich particle and well-
formed Pb-Mn-Si-rich crystallites
in the brown glaze of CG10; and
angular and coarser-grained Mn-
rich particles and Pb-Sn-rich
microcrystallites in the brown
glaze of (¢) CG12, (d) CG15 and
(e) CG19. All special features are
indicated by yellow arrows and
associated description

WD = 8.50mm 350 pA

: _./Pb-Sn microcrystallites

bfown glaze
phidedle iy
slip
—t
¥~ air bubbles

== Mn rich
particle

EHT =20.00kV Signal =HDBSD Mag = 500X

WD =8.50mm 350 pA

sequence of the final product (e.g. firing frequency and method
and order of glaze application). The mineralogy of the CGW
ceramic body displays striking similarity with the composition
of the so-called Egyptian pink clay. A recent petrographic anal-
ysis on the pink clay pottery from Syene and Elephantine shows
that the ‘pink clay’ represents a series of fabrics, all of which
were made of kaolinitic clay deposits but with varying amount of
quartz, reddish brown shale fragment, feldspar, amphibole, and
volcanic rock fragments (Katzjager et al. 2016: 732, Fig. 1;
Ownby et al. 2016: 5-6). Thus, the slight variation seen in the
relative abundance of inclusion types may simply reflect the
natural variation in the clay sources, and a single recipe was used
to make the CGW ceramic body. Deposits of kaolin clays are
present in Carboniferous Ataqa sands and Nubia sandstone on
both sides of the central-upper region of the Gulf of Suez, as well
as the Nubia sandstone at Aswan (Katzjager et al. 2016; Tobia
and Sayre 1974: 6). The co-existence of iron-rich nodules and
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volcanic rock fragments in the CGW samples suggests that the
clays were likely procured from area close to the banks of the
Nile in the Aswan region. The chemical composition of the
samples has high alumina and low lime, which is characteristic
of the kaolinitic clay from the Aswan region (Matin et al. 2018:
48, Table 5; Salina et al. 2019; Waksman et al. 2017). By com-
bining these two lines of evidence, an Egyptian origin, specifi-
cally the Aswan region, is postulated for CGW under studied.
Once the ceramic body was form, it was covered by a thin
layer of slip. Despite having higher alumina and low lime and
iron oxide, the slip has more or less similar composition to the
ceramic body. The lower lime and iron oxide in the slip were
probably caused by the removal of iron-rich nodules and other
coarse-grained inclusions from the clay. The refined kaolin
clay was then mixed with quartz grains that are homogeneous
in size and shape to form a single, standardized recipe for the
slip. All slipped vessels were fired before the glaze
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Table 4 Normalized composition (wt%) of the glaze of the CGW
samples by SEM-EDS. Surface, I =interior surface, E = exterior
surface; colour, G = green, H =honey, Y =yellow, Br=brown, W=

white, T = transparent; area, M = matrix, L = larger area that contains
particles and crystallites. *-* represents value that is below the limits of

detection

Sample Surface Glaze thickness

Colour Area Na,O MgO AlLO; SiO, K,0 CaO TiO,

MnO Fe,0; CuO ZnO SnO, PbO

no. (pm)

CGO1 I 60 G M 02 03 38 237 03 19 04 - 1.0 23 02 06 65.9
E 50 G M 05 02 29 239 05 17 03 - 1.2 22 0.1 04 66.1
CG02 I 130 G M - 0.1 09 22.1 — 04 01 - 0.4 33 03 - 724
75 Y M - - 43 200 0.1 0.1 02 - 0.6 - - 0.3 74.4
L - - 2.7 193 — 03 02 - 0.5 09 - 1.2 74.9
CGO03 I 120 G M 17 06 5.6 394 14 44 07 - 2.3 28 04 07 40.0
60 H M 06 07 86 366 14 49 08 - 2.8 04 - 0.7 425
E 60 H M 09 09 88 402 1.8 42 08 - 24 03 - 0.8 38.9
CG04 I 130 G M 0.1 02 1.7 254 01 07 02 - 0.6 38 07 1.0 65.5
40 Y M - 02 54 273 02 04 04 - 0.6 - - 0.8 64.7
L - 02 50 256 03 03 04 - 0.6 - - 2.1 65.5
30 Br M - 02 44 276 0.1 03 04 36 0.6 - - 1.2 61.6
Br L - 02 44 247 01 03 04 49 08 - - 1.9 62.3
40 T M 0.1 02 35 302 02 04 02 16 0.6 - - 1.2 61.8
CGO05 I 80 G LY 03 45 266 02 2.1 04 - 1.3 32 02 02 61.0
CG06 1 90 G M 0.1 06 55 285 05 35 07 - 2.4 28 02 03 54.9
130 H M 02 01 34 293 03 06 03 - 4.0 - - 0.2 61.8
CGO07 1 140 H M 0.1 02 29 290 01 06 03 - 2.8 - - - 64.0
CGO08 1 100 G M - 03 23 213 02 18 02 - 0.9 27 05 03 69.5
50 Y M 0.1 0.1 42 225 02 02 03 - 0.7 - - 0.2 71.5
B 0.1 0.1 2.1 223 - 02 03 - 0.4 - - 14 73.1
30 T M 0.1 02 24 228 02 08 03 - 0.9 - - 0.2 72.3
CG09 I 110 G M - 02 0.6 237 02 05 01 - 0.5 39 04 05 69.4
E 80 G M - 0.1 1.5 240 0.1 05 02 - 0.5 09 02 04 71.6
CGl10 1 50 Br M - 0.1 1.8 27.1 02 05 01 06 05 13 - 0.3 67.5
L - 0.1 1.6 263 02 05 01 1.8 0S5 09 - 04 67.6
CGl1 I 120 Y M - 0.1 1.3 226 0.1 03 01 - 0.5 - - 0.8 74.2
L - 0.1 1.1 215 - 03 01 - 0.5 - - 24 74.0
CG12 I 70 G M 05 02 38 305 09 09 03 20 1.1 1.6 02 04 57.6
110 Br M - 02 27 275 01 08 03 30 0.7 - - 0.2 64.5
110 L 02 02 3.1 283 04 09 02 38 07 - - 0.3 61.9
CG13 1 140 G M - 0.1 28 306 03 03 03 - 0.7 32 04 05 60.8
E 50 G M 03 1.0 44 371 1.1 1.0 05 - 1.5 30 05 02 49.4
CGl4 1 130 G M - 02 34 331 01 09 03 - 0.7 29 04 06 57.6
30 W M - 02 43 376 02 09 04 - 0.5 - - 04 55.5
CGl5 1 70 Br M - 0.1 24 270 01 04 01 06 04 03 - 1.0 67.6
L 02 02 28 245 - 06 02 32 07 04 - 1.8 65.4
50 w M - 0.1 47 264 02 03 03 - 0.7 - - 0.8 66.5

L 0.1 0.1 32 254 01 03 02 - 0.8 - - 19 679
I 121 Y M - 0.1 4.0 246 0.1 03 02 - 0.6 - - 0.6 69.5
L - 0.1 1.8 226 - 03 02 - 0.6 - - 2.6 71.8
CGl6 I 45 H M 02 02 59 352 03 04 06 - 3.7 - - 0.3 53.2
CG17 I 70 G M - 03 20 236 - 20 02 - 0.8 24 - 0.3 68.4
L 0.1 02 1.1 21.8 - 12 01 - 0.6 14 - 13 72.2
CG18 I 120 G M - 02 1.1 243 01 12 01 - 0.6 36 07 05 67.6
CG19 1 30 G LY 0.1 1.3 240 01 04 02 - 0.5 33 04 - 69.7
L - 0.1 2.1 243 02 03 02 - 0.5 33 02 05 68.3
50 Y M 0.1 02 29 256 02 04 02 - 0.4 - - 0.4 69.6

@ Springer



27 Page 12 of 19

Archaeol Anthropol Sci (2020) 12: 27

Table 4 (continued)

Sample Surface Glaze thickness Colour Area Na,O MgO AlLLO; SiO, K,O CaO TiO, MnO Fe,O; CuO ZnO SnO, PbO
no. (pm)

L 0.1 0.1 1.8 217 01 04 01 03 04 - - 2.8 72.2

50 Br M - 0.1 20 240 01 05 02 20 06 - - 0.5 70.0

L 0.1 02 1.8 20.7 - 04 01 28 04 - - 24 71.1

CG20 I 20 Y M 02 01 42 234 02 03 02 - 0.6 - - 0.5 70.3

L 02 0.1 43 240 04 04 03 - 0.6 - - 1.6 68.1

20 H M 0.1 0.1 43 259 03 05 04 - 0.6 - - - 67.8

application, resulting in the development of a thin interaction
layer between the glaze and slip.

As for glaze making, lead oxide and silica were the two
main types of raw materials. The use of a lead-silica mixture
rather than the direct application of lead oxide on the ceramic
body is confirmed by the lack of discernible correlation be-
tween the glaze and slip by comparing the composition be-
tween the two. For this purpose, the glaze composition is
renormalized to 100 wt% after removing PbO and the oxides
that were used for colourants (CuO, ZnO and SnO,).
Although iron oxide was used to produce the honey glaze,
Fe,05 is not removed in this case as it may have incorporated
into the glaze through other raw materials. By plotting the
renormalized glaze composition, a positive correlation exists
between Al,O5; and CaO and between MgO and K,O among
the samples (Fig. 8), even though the yellow and brown glaze
samples tend to deviate for their higher alumina as a result of
how the lead-tin pigment was formed (see below). Thus, the
glaze was likely derived from a common source.

Furthering on the renormalized glaze composition, its CaO
concentration measures between 0.4 and 8.7 wt% with a mean
of 2.5 wt%. This value is higher than the renormalized CaO con-
centration of the slip, which averages 0.5 wt%. The renormalized
glaze is further marked by relatively high but varying amount of
alumina and iron oxide. It is likely that these oxides were incor-
porated into the glaze through the silica source, which was one of
the two major constituents of the glaze mix. A low lime value is
distinctive of the composition of the newly refined Early Islamic
Egypt 1A and IB glass types (Schibille et al. 2019), which are
equivalent to the Egypt I glass type (Freestone et al. 2000) and
Group 8 and 9 of Umayyad period glass (Foy et al. 2003). In the
case of glass production, the association between low lime (with
corresponding low strontium oxide) and high alumina and iron
oxide is argued to be indicative of using the shell-containing coast-
al sand from Wadi Natrun and possibly from the Egyptian Delta
(Freestone et al. 2000: 72; Phelps et al. 2016: 62). Based on this
interpretation, it is probable that the coastal sand from the said
sources was also procured to produce the glaze, even though the
strontium value of the glaze is not measured owing to the limits of
detection of the SEM-EDS. The lead sources are yet to be deter-
mined as further isotopic analysis is warranted.
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The raw materials used for colourants were also largely
available from local sources. The zinc- and tin-containing
copper alloys for the green glaze were typical alloy types in
the Islamic Middle East (Craddock 1979: 69-73; Ponting
2003: 95-96). The manganese-rich crystallines and particles
in the brown glaze point to the possible use of pyrolusite
(MnO,), which would have transformed into other phases,
such as bixbyite, haussmanite, braunite or kentrolite, after fir-
ing; and the determination of these changes in mineral phases
will require the use of X-ray diffraction. Pyrolusite occurs in
large deposits in Sinai (Freestone 2006), which might have
been acquired to produce the brown glaze. The identification
of the bright microparticles in the yellow glaze and some
examples of brown, green and white glaze, coupled with the
overall higher alumina of these glazes, suggests that the lead-
tin pigment was a preformed material. The pigment was pre-
pared by heating the lead-tin calx with small amount of silica,
which would transform into lead-tin oxide in a lead-silica
glass by reacting with the crucible fabric (Heck et al. 2003;
Peake and Freestone 2014: 18-19). The pigment was then
crushed and added to the glaze. Lead-tin pigment was
manufactured in various parts of the mediaeval world (see
Matin 2018 for overview; Tite et al. 2008), although no such
evidence has been recovered in Egypt and the eastern
Mediterranean.

Although the same types of raw materials were used for the
glaze and colourant, the glaze of the same colour was prepared in
different ways. The green glaze was mostly produced by adding
the copper alloys as the only source of colourant, but the copper
alloys were mixed with the lead-tin pigment in CG17. The pres-
ence of the manganese-rich crystallites and particles and well-
formed, equant crystallites (possibly kentrolite) in CG04 and
CG10 is similar to the microstructure of the brown glaze of some
eleventh-century glazed ceramics from Mallorca (Molera et al.
2013: 88-89, Fig. 2). Such combination of microstructure and
microcrystallites is argued to have reflected the use of a roasted
manganese oxide-bearing pigment, which was applied on top of
the raw glaze and subsequently fired at temperatures that were
not too high. The brown glaze of CG12, CG15 and CG19, on the
other hand, was formed by mixing larger chunks of the
manganese-rich crystallites with lead-tin pigment. The white
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glaze was achieved by either applying the transparent glaze over
white slip or firing the lead-tin pigment at higher temperatures.
Variation is also noted in how to decorate the vessels with glaze.
Although the majority of samples were only covered with a
single layer of coloured glazes, a few samples were adorned with
a transparent glaze followed by decoration by coloured glazes.
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The making of an early Islamic glaze technology
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Our findings correspond with the recent observation made by
Salinas et al. (2019) and confirm that Egypt was the original
production centre of CGW, a hypothesis that was initially
proposed by Rodziewicz (1976). The next step is to investi-
[ gate whether or not CGW shares similar technological traits
with the local fine ware traditions, as represented by Egyptian
red and white slip wares and Coptic painted ware. The poten-
tial technological connections between CGW and Byzantine
and Sasanian glaze traditions — which are the glazing tech-
niques that prevailed in the eastern Mediterranean around
the time of the appearance of CGW — are also considered.
[ T R T T Previous characterizations of these ceramic traditions are
reorganized in the same sequence of production (Table 6).

The raw materials and preparation method of the CGW ceram-
ic body are consistent with the pink clay tradition characteristic of
the pottery production originated in Aswan. The pink clay fabrics
are said to have been extensively used to make pottery during late
antiquity, especially tablewares of Egyptian red and white slip
wares (Katzjager et al. 2016: 731). What makes CGW stand out
is that the ceramic body was covered with a white slip, which does
not seem to have been identified in the examples of preceding and
contemporaneous glaze wares. The use of slip is known to have
been a common practice in the production of Egyptian red and
white slip wares and Coptic painted ware, which were the deriv-
atives of Late Roman fine ware. Although parallel evidence of the
raw materials and preparation method used in the production of
these slips is not available, the high level of standardization seen in
the composition and texture of the slip of CGW samples points to
sophistication in slip production, reflecting a high level of techni-
cal knowledge and skills possessed by the potters. Thus, it is
logical to assume that the use of slip for CGW was developed
out of these earlier slipped and painted wares.

The antecedent of glazing does not seem to have existed in the
local fine ware technological repertoires, but the use of lead glaze
exhibits stronger influence from the Byzantine tradition, as op-
posed to the Sasanian tradition that used alkali glaze (Pace et al.
2008). Although lead glaze was used in the production of CGW,
the glaze was prepared in a different way from the Byzantine
tradition. The glaze of CGW was formed by mixing lead oxide
with silica, whereas previous analyses of some fifth-century
Italian glazed wares, sixth-century Serbian glazed wares and
seventh- to late eighth/early ninth-century Byzantine Glazed
White Ware I showed that lead oxide was applied directly onto
the ceramic body (Damjanovic et al. 2014; Vroom 2017: 176—
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Table 5 Normalized composition (wt%) of the particles and crystallites that are present in the brown glaze by SEM-EDS. ‘-’ represents value that is below the limits of detection

Sample no.
CG04
CGl10
CGI12
CGl15
CGI19
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Fig. 8 Biplots showing (a) a weak but positive correlation between
Al,O3 and CaO with the yellow, white and brown glaze samples
deviating from the rest because of their preparation method and (b) a
positive correlation between MgO and K,0

78; Waksman et al. 2007: 130-32; Walton and Tite 2010: 738—
39, Table 2). On the other hand, the use of a lead-silica mixture
was noted in the production of the Islamic glazed pottery recov-
ered from Saint Symeon dating to the eighth and ninth centuries
— which are more or less contemporaneous to CGW — although
in this case such practice was associated with a calcareous ce-
ramic body and no underlying slip (Waksman et al. 2007: 132).

The stronger Byzantine influence seen in the CGW glazing
technology is probably due to the fact that Egypt was under the
Roman and Byzantine control before the Arab conquest and
continued to maintain commercial contacts with the
Byzantine-controlled territories (notably Cyprus and southern
Anatolia) after the conquest (see Brubaker and Haldon 2011:
493-506, 510-11; Haldon 2012; Zavagno 2017: 161-66; for
other ceramic evidence for commercial contacts between early
Islamic Egypt and Palestine and parts of the Byzantine Empire,
see Taxel and Cohen-Weinberger 2019). The Byzantine
(Constantinopolitan) Glazed White Ware I — especially its later
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forms, which include open tablewares dating to the eighth cen-
tury — overlaps with the appearance of CGW. According to the
published evidence, this ware was distributed primarily in Asia
Minor, the Aegean and Cyprus, with a negligible representation
in north Africa (e.g. Carthage) and apparently none in the south-
east Mediterranean (see Vroom 2017: 178, Fig. 13.1).
Interestingly though, according to Reynolds (2016: 145),
Glazed White Ware also occur at Alexandria, demonstrating
links between Byzantium and Umayyad Egypt; yet, he did
not provide a clear reference to this find. In any rate, the appar-
ent inspiration of Glazed White Ware I on Egyptian potters
could have occurred either in Egypt itself, in the form of occa-
sional imports or gifts arrived from Byzantine lands, or overseas
when Egyptian merchants and craftsmen became acquainted
with this ware while trading with Cyprus or southern Anatolia.

The potters of CGW had also revolutionized the production of
lead glaze by introducing new glaze colours and new decorative
technique. In addition to using the common colourants such as
copper and iron oxide, new colourants were used to create a wider
range of glaze colours. Manganese oxide and lead-tin pigment —
which had been used as colourant and decolourant in glass pro-
duction — are recorded, for the first time, to produce brown, yellow
and white glazes. Accompanying the appearance of new glaze
colours was the introduction of new decorative technique that
was painting. Previously, whether it was the Roman, Byzantine
or Sasanian glazed wares, monochrome or bichrome glazes were
applied to cover the surface of the ceramic body, which was in-
cised or adorned with applique designs in some cases. Multihued
painting, on the other hand, had been used by the potters in Egypt
to decorate the Coptic painted ware (Schrunk 2003: 89). It seems
that the potters had drawn from a decorative technique that they
were familiar with but experimented with different medium by
using glaze rather than clay-based paint or slip. This exploratory
phase is seen in the diversity of practices used by the potters to
colour and apply the glazes, which mark a stark contrast to the
standardized approach in preparing the recipes for the ceramic
body, slip and even the base glaze.

By examining the elements of CGW individually, it is evident
that they were mostly derived from the local unglazed fine ware
and Byzantine glazing traditions; but, a combination of these
elements has made the technologies used to make CGW truly
innovative. This then raises the question of what caused this
change in ceramic technology. Although the appearance of
CGW dated to the mid-eighth and ninth centuries, we argue that
the mechanisms that fuelled this change seem to be in place
earlier than this time. Egypt was brought under the Arab control
after the AD 640-641 conquest. This, together with the Arab
conquest of the rest of the Middle East and north Africa, had
effectively disrupted the circulation of Late Roman fine ware in
the eastern Mediterranean. This had resulted in a shift in the fine
ware ceramic patterns from the domination of imports to the
intensification of local production (Fischer 2011: 186-91;
Konstantinidou 2015; Morony 1995: 10-13).
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A rich tradition of fine ware production was thus nurtured in
Egypt (Watson 2014: 127-28). Aswan, in particular, is described
to have been the largest fine ware producer, with at least four
production sites co-existing in the region (Ballet et al.1991).
Evidence indicating the presence of division of labour was also
reported, in which some producers specialized in the production
of certain types of fine ware (Schrunk 2003: 87). The picture that
emerged from the Aswan region in the seventh and eighth cen-
turies was a concentration of potters with a high level of crafts-
manship entrenched in a specialized structure of craft organiza-
tion (McNally and Schrunk 2000: 91). This specialized craft
structure might have also encouraged interaction and knowledge
exchange between artisans from different crafts. Of particular
interest is the inter-craft connection between the potters and
glassmakers, a hypothesis that was put forth by Whitcomb
(1989: 175). In fact, in their study of the Aswan Pink Clay
pottery, Katzjdger et al. (2016: 734) pointed out that some locally
made white-slipped small bowls displayed close formal and sty-
listic affinities to glass vessels. It is highly possible that the CGW
potters acquired the knowledge of how to colour glaze from the
glassmakers, resulting in the unprecedented use of manganese
oxide and lead-tin pigment, although we lack the textural, archae-
ological and technological evidence to prove the existence of
such interaction. In all, these ‘internal’ factors serve to pave the
way for the change in ceramic technology to take place.

On the other hand, the Arab control, mainly the Umayyad
government, seems to have had little impact on many aspects of
the economic, social and cultural life in Egypt and other areas that
were under its control, at least in the decades immediately followed
the conquest (Sijpesteijn 2007: 444). By the late seventh and early
eighth centuries, two major developments were noted. The first
one was a series of reforms implemented by the Caliph ‘Abd al-
Malik (r. 685—705) and his successors, which had resulted in the
creation of a unified monetary system, the building of new roads
and the founding of new cities and new urban market places
(Robinson 2005: 72-80; Walmsley 2000: 270-71). The second
development was the construction of the Dome of the Rock in
Jerusalem, which also took place during the reign of the Caliph
‘Abd al-Malik (Milwright 2010a: 25; 2010b 665). The impact of
the first development was considerable growth in local and region-
al production and trade, whereas the second development demon-
strated the desire by the Arab rulers to establish new representa-
tions of their identities. In Egypt, parallel developments were re-
corded (Kennedy 1998: 71-73). The Arab goverors are said to
have become increasingly efficient in collecting tax, commis-
sioned new infrastructure such as mosque and palace in Fustat
and improved the irrigation systems. All these had the effect of
stimulating the local economies and leading to a surge in the urban
elites, who were the ones with the purchasing powers and the
demands for new material representations. These advances in the
social, political and economic systems might have acted as the
catalyst that set the change in ceramic technology in motion. In
this way, our observation is consistent with the other lines of
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evidence, for example, recent studies on the well-dated Egyptian
glass weights showed that the changes in glass composition and
associated technology only occurred in the eighth century
(Schibille et al. 2019: 17).

Conclusion

Our analysis corresponds with the results of the previous
characterisations, as well as generates some new observations,
which together contribute to a better understanding of the CGW
technology. The ceramic body and slip was made of the kaolin
clay deposits, possibly from the Aswan region. The clay for the
slip was refined by removing the iron-rich pellets and other
coarser-grained inclusions. A lead-silica mixture was used to form
the glaze, which was coloured by copper alloys, iron oxide, lead-
tin pigment and manganese pellet. The multihued glazes were then
painted onto the surface of the slipped ceramic body, which was
biscuit-fired. The high level of standardization in the recipes for the
ceramic body, slip and base glaze suggests that the potters who
were involved in the production of the CGW possessed a high
level of craftsmanship. The diversity seen in coloured glaze com-
position and microstructure can be interpreted as the potters
experimenting with glaze colouring and using glaze as a medium
to decorate.

Based on these characterisations, we postulate that the local
Egyptian fine ware and possibly glass technologies and the
Byzantine glaze technology were the precursors of the CGW tech-
nology. But, it was not until the production of CGW that all these
existing elements were combined for the first time. This finding
has not only highlighted the innovative character of the CGW
technology but also revealed that the change in ceramic technolo-
gy was a gradual process rather than an abrupt invention. This new
technology was born out of a strong local fine ware tradition that
was embedded in the landscape of high level of specialization in
craft production and stimulated by the desire to establish new
identities and new material representations by the Arab-Muslim
newcomers. This finding corresponds with other lines of evidence
that suggests a slow and gradual transformation during the early
Islamic period (e.g. Avni 2014; Foss 1997; Milwright 2010a, b;
Walmsley 2007).
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Appendix 1

Table 7

represents value that is below the limits of detection

Comparison of the published (Adlington 2017) and analysed value, mean, absolute error and relative error of Corning B and Coming C. ‘-’

Glass standard Na,0 MgO ALO; SiO, P,Os SO; Cl K,O CaO TiO, MnO Fe,O; CoO CuO ZnO SnO, Sb,Os BaO PbO
Published value  17.0 1.0 44 616 08 05 02 1.0 8.6 - 04 03 - 27 02 - 0.5 - 0.6
Coming B 16.7 1.0 41 621 09 07 02 1.1 90 - 0.3 03 - 27 01 - 0.4 - 0.5
16.4 1.0 42 621 09 06 02 1.1 89 - 0.3 03 - 27 02 - 0.4 - 0.6
16.3 1.0 41 618 09 06 02 1.1 9.1 - 0.2 04 - 30 02 - 0.7 - 0.7
Mean 16.5 1.0 41 620 09 06 02 1.1 9.0 - 0.3 03 - 28 02 - 0.5 - 0.6
Absolute error -0.5 00 -02 05 0.1 01 00 0.1 04 - 0.1 0 - 0.1 002 - 003 - 0
Relative error (%) —3 -4 -6 1 6 27 13 8 5 - -26 0 - 5 1 - 7 - 0
Published value 1.1 28 09 349 - - - 28 51 08 - 03 02 1.1 - 02 - 114 36.7
Corning C 1.1 26 08 335 - - - 29 51 1.0 - 03 02 13 - 02 - 12.5 387
1.0 26 08 337 - - - 29 51 08 - 03 03 1.1 - 03 - 124 388
1.0 26 08 335 - - - 29 51 09 - 04 02 12 - 02 - 12.5 38.6
Mean 1.0 26 08 336 - - - 29 51 09 - 03 02 12 - 02 - 12.5 387
Absolute error -0.04 -0.1 -0.1 -13 - - - 01 -002 01 - 0.0 0.04 0.1 - 004 - 1.1 2.0
Relative error (%) —4 -5 -9 -4 - — - 2 -04 14 - -3 22 5 - 21 — 10 5
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