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CHAPTER 11

AREA 1 POTTERY - PART 2:
CLAY, FABRICS AND FIRING TECHNOLOGY







CHAPTER 11
AREA 1 POTTERY — PART 2
CLAY, FABRICS AND FIRING TECHNOLOGY

Giulia Festa
Museo Storico della Fisica
e Centro Studi e Ricerche

“Enrico Fermi”
giulia.festa@centrofermi.it

11.1 INTRODUCTION

The study of Abu Tbeirah’s pottery fabrics is
still ongoing, evolving and enriching on the
basis of the new results that each campaign is
producing.! As a result of our collaboration with
the Consortium of Italian Research Infrastructure
for Cultural Heritage (CoIRICH), the first analyses
on the pottery recovered during the 2012-2014
campaigns have undergone non destructive and
non invasive bulk analyses, instead of focusing
immediately on classical studies. We decided indeed
to use Neutron Diffraction (ND)? and Neutron
Resonance Capture Analysis (NRCA)’ in order to
have a general picture of the ceramic pastes in use
in the excavated phases and a first confirmation of
the autoptic subdivision.* This work thus presents
a non-destructive and non-invasive neutron study
of ancient Sumerian pottery fabrics from the 3™
mill. BC and aims at verifying the potentialities
and limitation of the information derived from
the ND and NRCA. Both techniques have shown
their potential in the investigation of complex
artefacts of cultural and artistic relevance.” Further
analyses are already planned and will benefit both

! Festa is authot of §§11.4.1-3; Romano is author of §§11.1-
2; Forte is author of §§11.3. §§11.3.1 is common work of
Romano and Forte while §§ 11.4.4 and 11.5 are common
work of Festa and Romano.

2 Windsor 1981; Festa ef a/. 2011a; 2011b.

% Postma - Schillebeeck 2005; Festa ¢# 2/ 2011a; 2011b.
*The pottery analyzed come from Area 1 and other ED III/
Akk. contexts.

> Festa e al. 2008; 2009; Pietropaolo e al. 2011; Festa e al.
2013; 2015; 2016; Postma - Schillebeeckx 2005. Few are the
studies on archaeological pottery in general: Kockelmann -
Kirfel 2001; 2006; Imberti ez 2/ 2008.

Licia Romano
Sapienza University of Rome
Department “Institute

of Oriental Studies”
licia.romano@uniromal.it

Vanessa Forte
University of Cambridge
McDonald Institute
for Archaeological Research
vanz.forte@gmail.com

from the results of the neutron analyses and
the now improved knowledge of Abu Tbeirah’s
pottery horizon.

The analyses on Abu Tbeirah’s pottery were
performed thanks to the support of CNR, within
the CNR-STFC Agreement 2014-2020 (N. 3420),
concerning collaboration in scientific research at
the Italian Neutron Experimental Station (INES)°
and the ISIS Spallation Neutron and Muon Source,
located at the Rutherford Appleton Laboratory of
the Science and Technology Facilities Council, on
the Harwell Science and Innovation Campus in
Oxfordshire, United Kingdom.

11.2 MEsorOTAMIAN CLAY SOURCES [LR]

Chemical and mineralogical composition of
ceramic material from other Mesopotamian sites
constitute the necessary base of comparisons for
Abu Thbeirah’s pottery. Most of the archaecometric
studies focused on pottery of the 3 mill. BC
from the Diyala and Hamrin area (Fig. 11.1).
Notwithstanding the complete description of the
pottery from this area, contemporaneous data
from the southernmost part of Mesopotamia are
still very few, with the exception of the published
research by Mynors and Al Kaissi,® and few

¢ Imberti ez al. 2008.

7 Thuesen e# al. 1982; Mynors 1983; Méry - Schneider
1996; Gibson (ed.) 1990 (also with data from the eastern
Farukhabad).

8 Mynots 1983 (including data from the northern site of
al-Usiyeh); Mynors - Al Kaissi 1987. The sample analyzed
are less than 40 for the following sites Tell-ed-Der, Jemdet
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Fig. 11.1 Map with the indications of sites from which pottery samples have been analyzed (Festa ez a/. 2019:

Fig,. 1).

sparse data presented as comparisons from other
contexts.” Data from the literature show in general a
complete homogeneity of the ceramic pastes used
in Mesopotamia. This chemical and mineralogical
uniformity of Mesopotamian ceramic pastes’
composition,'” demonstrated by the quoted
researches, is due to the nature of the alluvial
plain (see § 3)."" Abu Tbeirah’s pottery production
was based on the same natural secondary clay
from the Mesopotamian alluvial plain and thus
dissimilar results from those obtained by previous
researches were not expected. Nevertheless, the
limited amount of data on 3 mill. BC southern

Nast, Nippur, Kish, Abu Salabikh, Fara, Tell al-Wilayah,
Uruk, Larsa, Lagash, Obeid, and Ur.

? Méry - Schneider 1996.

'"On the composition of southern Mesopotamian clay see
Festa et al. 2019.

" Armstrong - Gasche 2014: 77.

Mesopotamian pottery make the archaecometric
analyses on Abu Tbeirah’s pottery compelling,
in order to verify and support previous results,
clarifying in the light of the new archacometric
analyses the Sumerian potter’s technological
choices.
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Fig. 11.2 A selection of pottery and clay samples analysed, divided following the fabric classification. Photo of
the fragments’ sections (not in scale) are acquired through a portable digital microscope (®Dinolite). (Festa e# a/.

2019: Fig, 2).

11.3 MAcroscoPIC CLASSIFICATION OF CERAMIC

Pastes [VF]

The first autoptic analysis allowed us to distinguish
four main macroscopic groups (Fig. 11.2)."

e Fabric A: Fine grained paste with low
porosity featured by planar voids. Red-
orange colour of paste. Firing mainly in
oxidised atmosphere. Sometimes covered
with clearer slip (Fabric A+slip).

2 The different fabrics were distinguished also through the
use of a portable microscope (®Dinolite AD 7013MZT;
Druc 2015) It is still not clear if the samples 3 and 34, that
have larger and very visible inclusions, should be considered
as a separate fabric (and thus the result of the intentional
adding of sand): this kind of fabric is quite rare and no
association with specific shapes was detected up to now.
Similatly, the evidence of a reducing firing atmosphere or of
a not complete oxidation of the organic material seems to be
quite casual and due to the not always complete control of
the firing process by Abu Tbeirah potters.

Fabric B : Fine grained paste with a low
porosity featured by planar voids. Yellow
colour of paste. Firing mainly in oxidised
atmosphere.

Fabric B,: Fine grained paste with a low
porosity featured by planar voids. Yellow
colour of paste with orange inclusions.
Firing mainly in oxidised atmosphere.

Fabric C: Coarse grained paste with
abundant sedimentary fragments and
angular  inclusions.  High  porosity
compared to other groups. Firing mainly
in oxidised atmosphere.

Fabric D1: Fine grained paste with

abundant straw. Red-orange colour
of paste. Firing mainly in oxidised
atmosphere.

Fabric D, Fine grained paste with
abundant straw. Yellow colour of paste
with orange inclusions. Firing mainly in
oxidised atmosphere.



11.3.1 SELECTED FRAGMENTS

(VF-LR)

On the basis of the autoptic
subdivision of the fabrics, 36
pottery shards were selected,”
together with one clay sample,
coming from the canal running
east of Abu Tbeirah.

Sample n. 1 (AbT.13.140.17)

Fabric: B2.

Clay: Outer and inner colour: 2.5Y 8/3
(pale brown); fabric colour: 2.5Y 8/3
(pale brown) to 5Y 6/3 (pale olive).
Thickness (average): 0.6 cm.
Description: jar fragment with red
slip? (5YR 6/3 light reddish brown)
traces on the internal and external (not
uniform) surface.

Sample n. 2 (AbT.12.109.24)

Fabric: A+Slip/Self-Slip.

Clay: Outer colour: 10YR 8/2 (very
pale brown); inner colour: 7.5YR 7/3
(pink); fabtic colour: 5YR 6/6 (teddish
yellow).

Thickness (average): 0.7 cm.
Description: jar fragment with larger
and more frequent than usual sand
inclusions.

Sample n. 3 (AbT.12.97.47)

Fabric: A+Slip/Self-Slip.

Clay: outer colour: 7.5YR 8/3 (pink);
inner colour: 5YR 6/4 (light reddish
brown); fabric colour: 5YR 6/4 (light
reddish brown) to 10YR 7/4 (very pale
brown).

Thickness (average): 0.9 cm.
Description: jar fragment.

Sample n. 4 (AbT.12.84.30)

Fabric: D2.

Clay: outer, inner and fabric colout:
2.5YR 8/2 (pale brown).

Thickness (average): 1.9 cm.
Description: wall fragment of a big
container with bitumen traces on the
outside.

Y In the tables and pictures some of
the samples numbers are repeated
because the analysis was performed on
two different pieces of the same vessel.

Sample n. 5 (AbT.12.86.2)

Fabric: B1.

Clay: outer colour: 2.5Y 8/2 (pale
brown); inner colour: 10YR 8/4 (very
pale brown); fabric colout: 7.5YR 7/4
(pink).

Thickness (average): 0.7 cm.
Description: jar fragment.

Sample n. 6 (AbT.12.71.16)

Fabric: A.

Clay: outer, inner and fabric colour:
5YR 5/6 (yellowish red).

Thickness (average): 0.6 cm.
Description: conical bowl fragment.

Sample n. 7 (AbT.12.71.54)

Fabric: A (incomplete oxidation of the

organic material).
Clay: outer colour: 2.5Y 8/3 (pale

brown); inner colout: 10YR 6/4 (light
yellowish brown); fabric colour: 2.5Y
5/1 (grey).

Thickness (average): 0.8 cm.
Desctiption: jar fragment/cooking pot
fragment.

Sample n. 8 (AbT.12.71.54)

Fabric: A (incomplete oxidation of the

organic material).
Clay: outer colour: 2.5Y 8/3 (pale

brown); inner colout: 10YR 6/4 (light
yellowish brown); fabric colour: 2.5Y
5/1 (grey).

Thickness (average): 0.6 cm.
Desctiption: jar fragment/cooking pot
fragment (use traces on the exterior).

Sample n. 9 (AbT.12.96.46)

Fabric: A+Slip/Self-Slip.

Clay: outer colour: 10YR 8/3 (very
pale brown); innet colour: 7.5YR 6/4
(light brown); fabric colour: 5YR 7/6
(reddish yellow).

Thickness (average): 0.7 cm.
Description: jar fragment.

Sample n. 10 (AbT.13.567.1)

Fabric: B1.

Clay: outer and inner colout: 2.5Y 8/2
(pale brown); fabric colout: 10YR 6/4
(light yellowish brown).

Thickness (average): 0.7 cm.
Description: conical bowl with big
intrusive inclusion.

Sample n. 11 (AbT.12.83.8)

Fabric: B2.

Clay: outet colour: 5Y 8/2 (pale
yellow); inner colout: 2.5Y 67/4 (pale

brown); fabric colour: 5Y 7/1 (light
grey).

Thickness (average): 1.2 cm.
Description: straight wall of a coarse
vessel.

Sample n. 12 (AbT.12.96.47)

Fabric: A.

Clay: outer, inner and fabric colour:
5YR 5/4 (reddish brown).

Thickness (average): 1 cm.
Description: conical bowl fragment.

Sample n. 13 (AbT.12.56.34)

Fabric: B2 + Reserved-slip like effect.
Clay: outer, inner and fabric colour: 5Y
8/2 (pale yellow), fabric slightly darker.
Thickness (average): 0.5 cm.
Description: jar fragment.

Sample n. 14 (AbT.12.109.25)

Fabric: A.

Clay: outer colout: 10YR 8/2 (very
pale brown); innet colour: 7.5YR 6/4
(light brown); fabric colour: 5YR 7/6
(reddish yellow).

Thickness (average): 0.8 cm.
Description: jar fragment.

Sample n. 15 (AbT.12.85.16)

Fabric: A+Slip/Self-Slip.

Clay: outer and inner colout: 2.5Y 8/2
(pale brown); fabric colour: 5YR 6/6
(reddish yellow).

Thickness (average): 0.5 cm.
Description: jar fragment.

Sample n.16

Fabric: clay.

Thickness (average): 1 cm.
Description: clay from Abu Tbeirah’s
canal.

Sample n. 17 (AbT.13.140.16)

Fabric: A+Slip/Self-Slip.

Clay: outer colour: 7.5YR 8/3 (pink);
inner and fabric colour: 5YR 7/4
(pink).

Thickness (average): 0.7 cm.
Description: jar fragment.

Sample n. 18 (Area 1)

Fabric: A.

Clay: outer, inner and fabric colour:
5YR 6/4 (light reddish brown).
Thickness: 0.7 cm.

Description: conical bowl.

Sample n. 19 (Area 1)
Fabric: A+Slip/Self-Slip.



Clay: outer and inner colout: 2.5Y 7/2
(light grey); fabtic colour: 2.5YR 6/8
(light red).

Thickness (average): 0.6 cm.
Description: jar fragment.

Sample n. 20 (Area 1)

Fabric: B1.

Clay: outer colour: 2.5Y 8/2 (pale
brown); inner colour: 7.5YR 8/4
(pink); fabric colour: 7.5YR 6/4 (light
brown).

Thickness (average): 0.7 cm.
Desctiption: jar/bowl fragment.

Sample n. 21 (Area 1)

Fabric: B2.

Clay: outer, inner and fabric colour:
2.5Y 8/3 (pale brown).

Thickness (average): 0.7 cm.
Description: jar fragment.

Sample n. 22 (Area 1)

Fabric: D2.

Colour: outer, inner and fabric colout:
2.5Y 7/3 (pale brown).

Thickness (average): 1.7 cm.
Description: big vat fragment.

Sample n. 23 (Area 1)

Fabric: A.

Colour: outer, inner and fabric colout:
5YR 6/6 (teddish yellow).

Thickness (average): 1 cm.
Description: big bowl wall fragment.

Sample n. 24 (Area 1)

Fabric: B2 (incomplete oxidation of
the organic matter)

Clay: outer, inner and fabric colour:
10YR 5/1 (gtey).

Thickness (average): 0.7 cm.
Description: jar fragment.

Sample n. 25 (Area 1)

Fabric: B2.

Clay: outet colour: 5Y 8/2 (pale
yellow); inner and fabric colour: 10YR
8/3 (vety pale brown).

Thickness (average): 0.7 cm.
Description: jar fragment.

Sample n. 26 (Area 1)

Fabric: B2.

Clay: outer, inner and fabric colour: 5Y
8/3 (pale yellow).

Thickness (average): 0.6 cm.
Description: jar fragment.

Sample n. 27 (Area 1)

Fabric: B1.

Clay: outer colout: 2.5Y 8/2 (pale
brown); inner colour: 7.5YR 8/2
(pinkish white); fabric colour: 5YR 7/4
(light brown).

Thickness (average): 0.7 cm.
Description: jar fragment.

Sample n. 28 (Area 1)

Fabric: B2.

Clay: outer, inner and fabric colour: 5Y
7/1 (light grey).

Thickness (average): 0.6 cm.
Description: jar fragment.

Sample n. 29 (Area 1)

Fabric: D2.

Clay: outer, inner and fabric colour:
2.5Y 8/2 (pale brown), with reddish
areas.

Thickness (average): 2.3 cm.

big

Description: rim

fragment.

coarse vat

Sample n. 30 (Area 1)

Fabric: D1 (incomplete oxidation of
the organic matter).

Clay: outer, inner and fabric colour:
7.5YR 7/6 (teddish yellow).

Thickness (average): 1.7 cm.
Description: big vat fragment.

Sample n. 31 (Area 1)

Fabric: A? (reducing atmosphere and
use traces?).

Clay: outer and inner colour: 10YR
5/1 (gtey); fabtic colour: 7.5YR 2.5/1
(black).

Thickness (average): 0.9 cm.
Description: closed vessel fragment.

Sample n. 32 (Area 1)

Fabric: A (incomplete oxidation of the

organic material).
Clay: outet and innet colour: 10YR 6/3

(pale brown); fabric colour: 10YR 4/1
(datk grey).

Thickness (average): 1 cm.
Description: cooking pot?

Sample n. 33 (Area 1)

Fabric: C (incomplete oxidation of the
organic matter).

Clay: outer, inner and fabric colour:
10YR 5/2 (gtreyish brown).

Thickness (average): 0.8 cm.
Description: cooking pot?

Sample n. 34 (AbT.14.261.2)

Fabric: A (incomplete oxidation of the

organic matter).
Clay: outer colout: 10YR 8/3 (very

pale brown); innet colout: 7.5YR 6/6
(reddish yellow); fabric colour: 7.5YR
6/4 (light brown).

Thickness (average): 0.7 cm.
Description: cooking pot?

Sample n. 35 (US 152)

Fabric: B2 (incomplete oxidation of
the organic matter).

Clay: outer, inner and fabric colour:
2.5Y 5/1 (gtey).

Thickness (average): 0.8 cm.
Description.: big burnished bowl.

Sample n. 36 (US 195)

Fabric: B2.

Clay: outer, inner and fabric colour: 5Y
8/3 (pale yellow).

Thickness (average): 0.8 cm.
Description: jar fragment.
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Fig. 11.3 Results of the analyses via neutron tech-
niques on Fabric A (left) and B2 (right). a) Diffraction
spectra of two vases are reported (normalized number
of counts as a function of the d-spacing). Best fit of
the data is also shown in green colour; b) Neutron Res-
onance Capture Analysis spectra (normalized number
of counts as a function of resonant-neutron time of
flight) are reported (Festa ez 2/ 2019: Fig. 3).

REsuLrs  AND

11.4 NEUTRON INVESTIGATIONS:
Discussion [GF]

The samples were analysed through a simultaneous
and integrated Time Of Flight (TOF) Neutron
Diffraction (ND) and Neutron Resonance Capture
Analysis (NRCA),'* for the characterization of the
compositional and microstructural features of
Abu Thbeirah’s pottery (Fig. 11.3).

11.4.1 NEUTRON DrrrracrioN [GF]

Measurements were performed at the INES
beamline, Rutherford Appleton Laboratory,
Oxfordshire. INES" is equipped with a general-
purpose neutron diffractometer that was built
for accommodating large non-standard sample
volume in the neutron beam, thus allowing
archaeometric measurements. Thanks to the

" For a detailed report on the analyses carried out see
Nardini ef a/. 2018; Festa e al. 2019.
5 Imberti e al. 2008.

ABU TBEIRAH EXCAVATIONS 1

high penetration power of neutrons in ceramics,
measurements to determine bulk
properties of the samples. Neutron Diffraction
on pottery samples gives, thus, information about
the crystal phases and compounds formed in the
pottery during firing and allows to indirectly trace
back the reached firing temperature.

allow us

The firing behaviour of clay minerals and
inclusions was widely studied and in what follows
the discussion will belimited to the transformations
highlighted by the analyses. Quartz, the most
abundant inclusion in most ceramic bodies,
does not undergo significant variations at low
temperatures, except for “alpha”-“beta” transition
at 573 °C.'° Although in appropriate conditions
primary clay minerals may survive, calcite in the
clays is subjected to two main thermic processes:
clay de-hydroxylation (ca. 400-600°C) and de-
carbonation of the calcareous materials (750-
850°C). Higher firing temperatures lead the calcite
decomposition products to react with fired clays
(montomorillonite and illite/muscovite!” in Abu
Thbeirah samples) and form new calcium silicate
phases such as gehlenite, anorthite or diopside
(wollastonite). Starting at approximately 850°C,
calcite reacts with clay minerals (ALO,, SiO,
and MgO) forming Ca-silicates as pyroxene (Al-
rich diopside, T> 900°C), newly forming Ca-
plagioclase feldspar (albite, anorthite over 950°C)
or gehlenite (T> 800°C).

According to these trends and using illite/
muscovite and diopside as track markers of
firing processes, two groups of samples were
distinguished in the analysis carried out on Abu
Tbeirah material: illite/muscovite is present in
the first half of the histogram (Tab. 11.1 and Fig.
11.4), while it disappears in the second half where
the newly formed diopside (new calcium silicate
phases) is present. On the contrary, quartz shows a
constant trend: since quartz grains do not undergo
any detectable morphological and chemical
transformation until reaching a temperature of
1050°C, this indicates that firing temperature
of all pottery under study was below this value.
Finally, the trend of calcite reflects the complete

16 Rice 2005: 96-97.

7 Tllite is a layered alumino-silicate chemically similar
to muscovite and thus not distinguishable in diffraction
analyses.
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Fig. 11.4 Histogram based on the neutron diffraction quantitative results. The x-axis reports the number of the
sample as function of the increasing percentage of diopside. The y-axis reports the weight percentage of the
detected crystal phase, z-axis reports the detected phases (yellow - oligoclase, green - muscovite, blue - calcite,
orange - quartz, brown - diopside). (Festa ez 2/ 2019: Fig, 4).

transformation into carbonate of the original
calcium oxide, indicating calcite of secondary
formation over 850° C. Moreover, Fig. 11.4 shows
that small amounts of calcite increase at high T, to
indicate the calcite reaction and so the formation
of new Ca-silicates. Taking into account the T
stability of the mentioned mineral, the range
of firing for the set of samples is between 800-
1000°C.

171.4.2 NEUTRON RESONANCE CAPTURE ANALYSIS

[GF]

Neutron Resonance Capture Analysis (NRCA) is
an experimental technique based on the absorption
by a nucleus of a neutron with energies in excess
of few eV and up to hundreds of keV. This capture
events are detected via the prompt gamma-cascade
by which the newly formed nucleus de-excites: this
resonance energy is characteristic of the element
and isotope that produce the gamma. NRCA peak
spectra are labelled by means of a comparison with
the resonance energies related to (n, y) processes
provided by tables of neutron resonances.'” The
detected main peaks are reported in Tab. 11.2.

The NRCA technique was used to detect main
isotopes K, *Fe, **Mn, *Na and **Cl on the entire
set of samples. The normalization of NRCA
spectra was carried out to perform comparison
between different samples through statistical
methods; peaks intensities are normalized with
respect to the acquisition parameters (incident
neutron flux and integrated current), the (n, y)
cross section for each identified isotope and the

'8 Mughabghab ef a/. 1981.

thickness of each samples. The normalization
is carried out through the ®Origin software
and results are reported in Tab. 11.2. It should
be highlighted that the values presented in Tab.
11.2 are not the quantities of the elements of
the sample: they provide a relative indication to
compare the content of the respective elements in
the various samples through a statistical approach.

11.4.3 CLASSIFICATION OF THE SAMPLES ON THE
B.sis or THE ND AND NRCA [GF]

The ND and NRCA data results (both phase
and elemental analyses) are examined through
descriptive statistical approach carrying out
correlation analysis (in order to observe the
homogeneity of the samples) and Principal
Component Analysis (PCA),” a method of
multivariate statistics that represents a powerful
way to classify samples into various possible
categories and allows to determine which variables
actually contribute to the variation seen in a given
data matrix. This technique has been successfully
applied in archaeological contexts since the
1970’2

Fig. 11.5 shows six groups of samples with specific
tendencies according to T increases. Samples 31
and 5 are found in a border-line position between
their group of memberships, described by the
diopside and muscovite respectively. Diopside
and muscovite appear in opposite position as
expected. Samples number 195+19L and 24 are

' Jolliffe 1986; Husson ez al. 2009.
? See, e.g., Baxter 1994; Husson e al. 2009; Scatigno ¢ ai.
2017.



380

ABU TBEIRAH EXCAVATIONS 1

Sample Fabric Calcite Quartz Diopside Oligoclase Muscovite
1 B2 - 15.7 50.5 33.8 -
2 A - 29.1 38.9 32.0 -
3 A - 29.8 36.5 33.7 -
4 D2 - 18.9 51.1 30.0 -
5 B1 - 23.8 43.4 32.8 -
6 A 17.9 22.4 - 19.5 40.2
7 A 8.3 12.4 - 22.6 56.7

8B A 11.1 15.2 - 18.7 55.0
8 W A 10.5 15.7 - 19.0 54.8
9 A - 26.0 34.6 39.4 -
10 B1 - 22.4 50.7 26.9 -
11 B2 - 15.7 57.1 27.2 -
12 A 8.7 13.7 - 20.1 57.5
13 B2 - 12.4 56.5 31.1 -
14 A 5.3 18.5 - 313 44.9
15 A - 24.6 36.8 38.6 -
16 Modern clay 12.7 8.7 - 16.0 62.6
17 A - 24.4 38.3 37.3 -
18 L A 12.1 14.2 - 20.1 53.6
188 A 12.5 14.2 - 16.5 56.8

19L A 3.2 9.4 74.7 12.7 -
198 A 2.4 8.0 79.7 9.9 -
20 B1 2.8 33.0 31.3 32.9 -
21L B2 4.7 19.8 47.1 28.4 -
218 B2 4.7 16.1 51.2 28.0 -
22 D2 - 17.1 39.5 43.4 -
23 A 7.2 14.5 - 20.5 57.8
24 B2 - - 71.0 29.0 -
25 B2 - 21.4 51.9 26.7 -
26 L B2 - 11.6 58.1 30.3 -
26S B2 - 8.0 59.8 32.2 -
27 B1 2.3 27.6 40.5 29.6 -
28 B2 - 10.1 59.3 30.6 -
29 D2 - 17.3 37.0 42.5 -
30 D1 11.6 22.5 - 22.5 43.4
31 A 8.3 17.6 - 24.6 49.5
32L A 5.5 12.4 - 18.0 64.1
328 A 10.0 20.0 - 15.0 55.0
33 C 14.4 13.6 - 18.6 55.0
34 A 9.0 16.0 - 33.0 42.0
35 B2 3.5 27.2 36.3 33.0 -
36 B2 1.6 19.5 45.8 29.3 -

Tab. 11.1 Results of Neutron Diffraction on Abu Tbeirah’ samples. The weight percentage [wt (%0)] of the
detected phases are reported. The errors are + 0.1 wt (%0).
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Sample K Na Fe Cl Mn
1 0.03 1.76 0.01 1.12 <LOQ
2 0.01 1.35 0.01 0.33 <LOQ
3 0.02 1.08 0.01 0.44 <LOQ
4 0.01 0.72 0.01 0.38 <LOQ
5 0.02 1.27 0.01 0.33 <LOQ
6 - 1.02 0.01 0.60 <LOQ
7 0.02 1.22 0.01 0.66 <LOQ
8B 0.03 1.94 0.01 0.26 <LOQ
8 W 0.02 1.23 0.01 0.49 <LOQ
9 0.03 1.35 0.01 0.49 <LOQ
10 0.01 0.72 0.01 0.63 <LOQ
11 0.02 1.33 0.01 0.66 <LOQ
12 - 1.89 0.01 1.31 <LOQ
13 0.02 1.01 - 0.93 <LOQ
14 0.03 1.94 0.01 1.11 <LOQ
15 0.02 1.33 0.01 0.31 <LOQ
16 0.01 0.50 0.01 0.13 <LOQ
17 0.02 1.51 0.01 1.20 <LOQ
18 L 0.02 1.28 0.01 0.27 <LOQ
188 0.02 1.07 0.01 0.27 <LOQ
19L 0.01 0.74 - 0.19 <LOQ
198 0.01 0.65 - 0.19 <LOQ
20 - 1.15 0.01 0.24 <LOQ
21L 0.01 0.95 - 0.39 <LOQ
218 - 0.99 0.01 0.27 <LOQ
22 - 0.77 0.01 0.21 <LOQ
23 0.01 1.11 0.01 0.27 <LOQ
24 0.01 1.35 0.01 0.33 <LOQ
25 - 0.87 - 0.12 <LOQ
26 L - 1.11 0.01 0.27 <LOQ
268 - 0.89 0.01 0.14 <LOQ
27 - 1.02 0.01 0.21 <LOQ
28 - 1.02 0.01 - <LOQ
29 - 0.59 0.01 0.32 <LOQ
30 - 0.49 - 0.21 <LOQ
31 - 0.93 0.01 0.59 <LOQ
32L - 0.61 0.01 0.18 <LOQ
328 - 0.63 - 0.13 <LOQ
33 - 0.80 0.01 0.55 <LOQ
34 - 0.95 0.01 0.88 <LOQ
35 - 0.83 - 0.50 <LOQ
36 - 0.94 - 0.64 <LOQ

381

Tab. 11.2 Values of the normalised intensity of the main peaks from the Neutron Resonance Capture Analysis
spectra for each sample. The normalized intensities (norm. counts) are given with an error of 0.01. It should
be highlighted that the reported values are not the quantities of the elements present in the samples, but they
are related with their amount; they were used for relative comparison via a statistical approach. LOQ = limit of

quantification.
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not been reported because does not improve the model (Festa ez a/. 2019: Fig. 5).

characterized by diopside, to indicate that these
samples were fired at T that exceeded 900°C for
long time. Muscovite, a mineral naturally present
in Abu Tbeirah’s clays, characterizes samples
n. 16 (the unfired clay) and 32L (Fabric A, not
completely oxidized sample): being the Muscovite
stable duting the firing process up to 900°C, it is
clear that the two samples were fired under this
limit.”! Results from the Bi-plot are consistent with
the diffraction results reported in Fig. 11.4. Finally,
the insect of Fig, 11.5 shows that: Cl and Na are
very close in the Bi-plot indicating probable salt
intrusion, while Fe, Mn and K are located in
the centre of the plot demonstrating that these
clements are homogeneously distributed in the
investigated sample set. Additionally, these three
clements might be linked to pyroxenes, that are
present in the metamorphic rocks at the origin
of the 40% of heavy mineral composition of the
Mesopotamian alluvial sediment.*

! Rodriguez-Navatro e7 al. 2003; Rice 2005.
22 See al-Mukhtar 2015.

11.4.4 Aurortic VS NEUTRON CLASSIFICATION |GF
-LR/

The classifications, based on the neutron and
autoptic results, show some differences that might
be easily explained, though further analysis will
confirm or demise these hypotheses. Some features
considered in the archaeological classification,
such as the presence of vegetal temper mixed to
the clay, are not influential from the chemical/
compositional point of view (eg., for samples
of Fabrics D, and D,).”> Moreover, the presence
of the slip or self-slip™ in samples 2, 3, 9, 15, 17,
19 (Fabric A) might justify the higher range of
temperature identified by the neutron analysis.
The presence of the slip/self-slip (see § 10.4.2)
can thus alter the percentage of diopside in the
investigated samples: in both the cases the vase
surface loses water in a fasterway, reaching easily
a temperature higher than 900°, forming crystals
not present in the vessel body.* This might thus
justify the position of the quoted sample in Fig
11.4. The presence of the big intrusive inclusion

» Future thin section analyses will help in better defining the
ancient “ceramic recipes”.

# See § 10.4.2 on the surface treatment.

» Jotdan et al. 2009.
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in sample 10 (Fabric B1) might have altered
the results and thus the position in Fig. 11.5. A
similar effect on mean data is observed for Fabric
C (sample n. 33) used in the realization of rare
cooking pots. Their coarse grained and porous
paste, fired at a temperature lower than 900°C
can help in withstanding the thermal shock due
to the contact with fire:* the presence of bigger
and angular sedimentary inclusions might be
connected to a different preparation of the raw
material by the ancient potter, through the addition
of sand temper or avoiding the elimination of the
bigger inclusions during the clay cleaning process.
This Fabric is rare at Abu Tbeirah maybe due to
the wider use of tannur and other peculiar firing
installations for food processing.

11.5 InsigHTS INTO THE CLAY SELECTION AND
FIRING ProcEss [GF - LR]

As  previously demonstrated, clay from
Mesopotamia was uniform in all the alluvial plain.”’
Nonetheless, a slight variation between north and
south Mesopotamian pottery has been noted for
the ED period: southern pottery seems to be
characterized by the absence (or a less frequent
presence) of pyroxene, biotite, epidote and, in a
lesser extent, illite/muscovite.”® However, on the
basis of the limited amount of samples analysed
these conclusions should be handled carefully:
for example, while the similarity between pottery
coming from Ur and from ’Ubaid is interesting
and plausible, it is a parallel based only on two
samples, one for each site.”’

Analyses on Abu Tbeirah samples show, indeed,
results that are sharply in contrast with this
distinction between northern and southern 3
mill. BC pottery. Comparing the diffraction data
with the autoptic results, differences from the
set of samples can be attributed mainly to firing
temperature and in a less extent to clay preparation,

2% Rice 2005: 229-231. Mdller 2016.

7 Armstrong - Gasche 2014: 87.

% Mynors 1983; Mynorts - al-Kaissi 1987: 144, 150 and Tab.
2.

# Data from the Southernmost part of Mesopotamia, in
which Abu Thbeirah is located, are still extremely limited: a
total of 40 shards coming from several sites (Tell-ed-Der,
Jemdet Nasr, Nippur, Kish, Abu Salabikh, Fara, Tell al-
Wilayah, Uruk, Larsa, Lagash, "Ubaid, and Ur) were analysed
(Mynors 1983; Thuesen ¢z al. 1982; Mynors - al-Kaissi 1987).
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confirming the general uniformity of the clay used
in Mesopotamia. The samples analysed are, indeed,
distributed in Fig. 11.3 according to an almost
continuous temperature gradient.”® Muscovite is
presentin thelow fired samples and this discrepancy
with the previous analyses is clearly due to the
extremely reduced number of samples examined:
probably the fragments selected simply belonged
to vessels fired at higher temperature (thus with
illite/muscovite completely transformed). The
comparison of pottery samples with the clay
gathered form the canal near Abu Tbeirah, seems
to show a local origin of the used clay (see the
uniformity in the values reported at Tabs 11.1-
2 for phases and elements). Future analyses and
researches on our samples will verify the possible
presence of regional trends, though it appears
once again clear that bulk chemical composition is
not useful in grouping Mesopotamian clay fabrics
on a regional base.”

Although Abu Tbeirah pottery presents inconstant
use of the same fabric for a vessel typology, general
trends can be recognized: a) drinking vessels, such
as quickly wheel-thrown or wheel-coiled beakers
and conical bowls, are usually realized in Fabric
A and fired at a temperature lower than 900°C;
b) medium and big closed vessels are instead
mainly realized with Fabric B -B (T >900°C) or
Fabric A self-slipped/slip;** ¢) rare cooking pots
are realized in low fired (T <900°C) Fabric C; d)
big containers, such as trays, vats or coffins are
instead always realized in Fabric D, (T' <900°C)-
D, (T >900°C).

The thermal gradient, exhibited on and within
Abu Tbeirah’s vessels, confirms that the main
distinction among fabrics is due to the temperature
reached during firing: eg. coffins and big coarse
vat, on the bases of the firing temperature reached
by each part of their body, show a fabric colour
that ranges from red (D1) to pale-yellow/greenish
(D2). This thermal gradient is, indeed, due to the
non-uniform firing temperature to which vessels
were exposed: the attribution of a sherd to a

% See also the compatable results for ED I-II pottery from
the Diyala region in Gibson (ed.) 1990: 65. Here five group,
very similar to ours, have been distinguished (with the
addition of a grey-ware group).

I Gibson (ed.) 1990: 22.

> Howevet, never in Fabric C ot D (with the exception of
ring bases realized always in Fabric D).
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specific fabric group depends thus on the part of
the vessel preserved or analysed.

As far as the firing technology is concerned,
analyses carried out at Abu Tbeirah demonstrates
that temperatures reached during their firing never
exceeded 1000°C. The highlighted temperature
range led us to focus on the firing technology in use
for Abu Tbeirah’s 3* mill. BC pottery production.
Utilization of kilns has been generally associated
to a firing temperature range comprised between
750°C and 1150°C.* Kiln firing is considered a
more advanced technique compared to open or
pit fires, that are usually not considered adequate
at reaching these temperatures.’”® Nevertheless,
as already highligchted by several scholars, it
is incorrect to search a linear technological
progression from bone-fire to the adoption of kiln
in pottery production.” Though pottery kilns are
attested in Mesopotamian archaeological record
also for earlier periods,’ little attention was given
to the presence of open-firings.”” Though we do
not exclude the use of kilns for Abu Tbeirah’s
pottery production (or at least for part of it), the
sole maximum temperature reached during the
firing cannot be taken as proof. Ethnographic
comparisons show that temperatures of more than
900° C can be reached in open-firing using dung
ot palm fronds as fuel,”® materials largely available
in 3" mill. BC southern Mesopotamia.”” Besides,
several doubts have been raised on the possibility
of using firing temperature to determine the firing
technology used:* ethno-thermometric approach
demonstrates that the temperature reached by
bone-fire and kiln overlap within the interval of
600-900°.* Furthermore, neither the structure,
fuels, duration of the firing process, heating rate

¥ Tite 1969: 140 Tab. 3 (Ubaid pottery; 500-1110°C); Gibson
(ed.) 1990: 40 (Tell Razuk; 850-1100°C); Méry - Schneider
1996: 86 (various site with a max. T>1000°C); Armstrong -
Gasche 2014: 84; 89 (vatious sites; 750-1000°C).

* Gosselain 1992: 244-245 (open fite temperature ranges
500-900° C).

» Mootey 1994: 144; Laneri 2009: 111-114.

* Hansen Streily 2001; Laneri 2009: 117.

7 Moorey 1994: 144-145. For a resumé of the evidence of
open firings in the Near Fast see Laneri 2009: 113-114.

¥ Nicklin 1981: 352; Shepard 1985: 78 Fig. 4; Rice 2005: 157.
¥ Marsh’s Arab used to bake their pottery in pits, using
dung cakes (350-450 dung patties) and reeds to ignite (see
Ochsenschlager 2004: 119-121).

% Gosselain 1992; Livingstone Smith 2001.

! Gosselain 1992: 257.
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and soaking time induce thermal characteristics
that can be considered as specific for open or kiln
firings.*

In determining the firing technology in use in
an archaeological site a synergy of elements
should therefore be considered, together with
archaceological data. In the case of Abu Tbeirah,
we cannot suppose a kiln firing because of the
temperature reached. In addition, some other
elements related to Abu Tbeirahs pottery
production might point toward the use of open/
pit firing, Abu Tbeirah survey documented,
especially in the North-Eastern part of the
settlement, the presence of areas with pottery
production wastes not connected to any visible
structure: though the erosion that characterize
Abu Thbeirah’s surface could have obliterated the
original kilns structure, it is not possible to exclude
the identification of these areas with open firings.*
Abu Thbeirah vases, as said, often show traces of a
non-uniform firing, a characteristic that is usually
connected to open-firing.** The dark or black core
of some Abu Tbeirah vessels is due to the non-
complete control of the firing atmosphere or to
an insufficient duration of the firing process. All
these elements put together suggest caution in
hypothesizing the exclusive use of a specific firing
technology: as for the pottery modelling technique
(see § 10), the introduction of a new and more
petformative methodology® does not mean the
complete abandonment of the old one* and both
techniques could have been used in synergy for a
period longer than expected.

*# Livingstone Smith 2001: 999.

# D’Agostino - Romano 2017. In the northern part of the
site also a fragment of a pottet’s wheel was found (Romano
2015).

*#Rice 2005: 158; Armstrong - Gasche 2014: 83. Nevertheless
the results of kiln firing depends also on the pottet’s ability
and on the same properties of the built structures.

# Kiln technology has several disadvantages such the
necessity of maintenance and repair or the not completely
efficient use of fuel (Rice 2005: 162).

% The association of the eatliest productions with the “more
primitive” techniques is a frequent trend in Ancient Near
East archaeology, as already noticed by Moorey 1994: 144.
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