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ANNUAL REPORT (1996/1997)

Research projects in cooperation with:

Leiden University/Department of Archaeology:
Indian America:
— Pre-Columbian pottery from Guadeloupe (Dr. C.L. Hofman).
— Tannin-project (R. Arkema).

Methods and Theory:
— 'The Riu Mannu survey project, Sardinia/Italy (Dr. P. van de Velde).

Palestinian Archaeology:
~ Bronze Age and Iron Age pottery from the British Museum excavations ac

Tell es-Sa’idiyeh, Jordan (Mrs. M.M.E. Vilders).

The Netherlands Institute for the Near East, Leiden:
- Neolithic/Chalcolithic pottery of llipinar hiiytik, Turkey (Dr. J.J. Roodenberg).
— Islamic pottery of Tell Abu Sarbut, Jordan (H.E. LaGro).

The Netherlands National Museum of Antiquities, Leiden:
- Transitional pottery (5200-5100 B.C.) of Tell Sabi Abyad, Syria
(Dr. PM.M.G. Akkermans}.
~ Exhibition «List en bedrog. Vervalsingen in de Nederlandse archeologie»
(L. Verhart).

Berwweroute
— Late Bronze Age/Iron Age porttery from Eigenblok West
(S. Bloo and W. Schuiten).

Working Group on Mesopotamian Pottery:
~ Second millennium B.C. pottery of Babylonia and adjacent regions

(Dr. H. Gasche).

European Centre for Upper Mesopotamian Studies:
— Early Dynastic and Old Akkadian pottery of Tell Beydar, Syria
{Dr. M. Lebeau and Prof. dr. K. van Lerberghe).

Joint Belgo-Armenian Archaeological Expedition to Armenia:
— Late Bronze Age/Early Iron Age pottery from the necropolis of Akhtamir,
Armenia (Dr. H. Gasche and Dr. H. Simonyan).
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Fieldwork:

13-30/07 1996 Joint Belgo-Armenian Archacological Expedition to Armenia
(A. van As and L. Jacobs).

09-30/09 1996 Dutch Archaeological Mission at Tell Sabi Abyad, Syria;

Euro-Syrian Archaeological Mission at Tell Beydar, Syria

(A. van As and L. Jacobs).
29/09-27/10 1996 The Rin Mannu survey project, Sardinia/ltaly (M.B. Annis).
29/05-17/06 1997  Dutch Excavations at Ilipinar, Turkey (A. van As).
09/06-17/06 1997  Dutch Excavations at Ilipinar, Turkey (L. Jacobs).
17/09-08/10 1997 The Rix Mannu survey project, Sardinia/Italy (M.B. Annis).

Publications:

Annis, M.B., I van Dommelen and P. van de Velde (1995) [issued in 1996], Rural set-
tlement and socio-political organization: the Rix Mannu survey project in Sardina.
Bulletin Anticke Beschaving 70: 133-152.

Annis, M.B. {1996}, Appropriation and preservation: (built} heritage as 2 common good.
Archaeological Dialogues 1996 (2): 123-126.

Annis, M.B. (1996}, Organisation of pottery production in Sardinia: Variability and
change. In: H. Liidtke and R. Vossen (eds.), Tapfereiforschung zwischen Mirtelmeer
und Skandinavien (Topferci- und Keramikforschung Band 3), Bonn: 143-170.

Annis, M.B., B van Dommelen and P van de Velde (1996), Insediamento rurale ¢ orga-
nizzazione politica. Il projette Riz Mannu in Sardegna. Quaderni della Soprinten-
denza Archeologica di Cagliari e Oristano 13: 255-286.

Annis, M.B. and L. Jacobs (1997), Appendix 2 and passim. In: R.E Docter, Archaische
Amphoren aus Karthago und Toscanos, Ph.DD. Dissertation, University of Amster-
dam.

Docter, R.E, M.B. Annis, L. Jacobs and G.H.J.M. Blessing (1997), Early Central Iralian
transport amphorae from Carthage. Preliminary results. Revista di Studi Fenici 25:
15-58, eavv. I-VIIL

Lectures:

16/10 1996 M.B. Annis: Vasai di Sardegna; Universita Statale no. 3, Cagliari/Oris-
tano, aly.

06/10 1997 A. van As: Aardewerk maken; Vrije Universiteit, Amsterdam.

28/10 1997  M.B. Annis: Kleinschalige aardewerkproductie; Vrije Universiteit, Ams-
terdam

18/11 1997 A. van As: Short visits to potters working nearby archaeological sites; Annual
Meeting of the American Schools of Oriental Research (ASOR); Napa
Valley, California, USA.
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18/11 1997  M.B. Annis: Sardinia (Italy): fieldwork and the laboratory in ceramic
ethno-archacology; Annual Meeting of the American Schools of Orien-
tal Research (ASOR); Napa Valley, California, USA.

15/12 1997 A. van As: The value of technological ceramic research to archaeology, Bil-
kent University; Ankara, Turkey.

17/12 1997 A.van As: The value of technological ceramic research to archaeology; Neder-
lands Historisch-Archeologisch Instituut (Dutch Historical-Archaco-
logical Institute); Istanbui, Turkey.

Symposia/meetings:

10/02 1997 Meeting in prepartation for the congress Anzropologia Contempo-
ranea 2; Universita Starale Cagliari {M.B. Annis).

08/03 1997 Crafis and Trade in the Roman West and East (ROCT); University of
Leuven, Belgium (M.B. Annis and A. van As).

12/03 1997 Téll Beydar Lectures-Seminars Workshops; University of Leuven, Belgium
{(A. van As and 1. Jacobs).

24/07 1997 Working Group on Mesoporamian Pottery; Paris, France (A. van As).

[8-21/11 1997  Annual Meeting of the American Schools of Oriental Research (ASOR);
Napa Valley, California, USA (M.B. Annis and A. van As).

Guests:

Unuil 15/08 1996 Hamed Salem, Birzeir University (PEACE programme).

01/01 1996-31/12 1997 Dr. Laia Colomer 1 Solsona, Universitat Autdnoma de Bar-
celona (Post-doc visiting research grant, Ministery of Science
and Culture of Spain}.

12-23/02 1996 and Tom Broekmans, University of Leuven.
27-31/01 1997
01/03-03/04 1997 Dr. Tan Edwards, Deacin University, Burwood, Australia

{Visitors grant of the Netherlands Organization for Scien-
tific Research/N'W(Q).

Visitors:
02/09 1996 Prof. dr. William A. Longacre and Marc Neupert; University of Arizona;

Tucson, USA.
03/09 1996  Dr. Vishvas D. Gogte; Deccan College Research Institute; Pune, India.
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ANNOUNCEMENT

Organization

The Department of Archaeology to which the Department of Pottery belongs and the
Faculty of Pre- and Protohistory have been merged. From September Ist 1997 they
form the Faculty of Archaeology of Leiden University.



PRELIMINARY/INTERIM REPORTS






R.E. Arkema

IN PREPARATION:
A STUDY ON THE USE OF TANNIN IN EARTHEN ARCHITECTURE

As part of my research on the use of tannin in earthen architecture for my Master’s thesis
at the Deparrmenr of the Archaeology of Indian America a series of practical analyses and
tests is being conducted in the faboratory of the Department of Pottery Technology'. The
aim is to gather some relative data on the effect of tannin on the properties of the original
marerial. Since the methods of analysis and testing are largely similar to many procedures
used on ceramics, the laboratory of the Department of Potrery Techrology is consequently
suitably equipped for these tests.

Within the world of archaeological heritage many structures can be found that are
made of mudbrick or adobe” and are situated above ground. Preserving these buildings
is a cause of conseant care and research, for archacologists as well as conservators.
Whereas there seems to be an emphasis on modern synthetically produced chemicals,
at least in the USA, nort all people involved agree with this approach.

For example, in the state of New Mexico, USA, lies Jemez State Monument. This
site contains the ancestral remnants of the Jemez tribe as well as structures from the
colonial period. For the conservation of the ruins of colonial origin Rhoplex E330 is
used, an acrylic polymer. The Jemez tribe, howeves, have a say in the choice of the
method of conservarion and refuse to have their ancestral architectural remains treated
with synthetically produced materials such as Rhoplex. They insist on the use of more
natural materials.

An example of a more natural marerial is tannin, a yellowish-brown powder extracted
from trees and traditionally used to turn hides and skins into leather. In 1976 an
empirical experiment was carried out by CRATerre (the Internatonal Centre of Earth
Construction — School of Architecture Grenoble, Villefontaine, France) in Burkina
Faso on a small mudbrick scructure which had been finished off with several traditional
types of plaster amended with tannin, shea butter, banana tree sap and a plaster applied
without any additives. The tannin was produced locally in the traditional way by boiling
the seeds of an Acacia tree, a species known for its high percentage of tannin (Fig. 1).
The results suggested that a plaster amended with tannin does indeed improve the
resistance to weathering. Photos taken after several years showed the tannin-amended
plaster to have lasted better than the other types.

There is an abundance of information on tannin, a marerial known to man for at
least six thousand years and possibly longer, used for turning hides into leather as well
as for many other applications, bur its use in earthen architecture is rather unusual and

Newsletter of the Department of Pottery Technology (Letden University) 14/15, 1996/1997: 13-15.
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Fig. 1. Seeds from the Acacia tree. Left: plucked from the tree.
Right: dried on the ground (best) (Foto: H, Houben, CRATerre).

no real research has ever been conducted so far. Laboratory analysis does not resemble
real-life conditions but is as close as one can gert in the first stage of the research.

A series of samples was made up based on the Fuller formula for grain-size distribu-
tion (optimum dry specific weight at a given maximum grain size) with 10% clay.

A first preliminary experiment showed percentages over 5% tannin to be already too
much and 1o give a saturated specimen. The tannin percentage to be tried was there-
fore determined from zero (controf sample) to four percent in steps of one, all mea-
sured in dry weight. The tannin used was produced in South Africa on commercial
plantations from the Black Wartle and consists of 70% tannin, 29% wooddust and 1%
other components. This resembles most closely the conditions in the field and it was
not adapted in any way as is usual in the tannery industry to improve the tanning
capacities.

The second step was to get some basic idea of the physical properties of the material.
Samples were tested on tensile strength, a method resembling the ASTM (American
Society for Testing and Materials) C 307-83 test but developed at the Department of
Pottery Technology for clay to give values per cm?, and on surface hardness using
the Mohs test (test on hardness used in mineralogy). Adobe structures are subjected to
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compression and values on tensile scrength are therefore not really significant, but these
two tests do provide some basic idea of the mechanical properties of the altered material.

A third range of tests is directed more towards the specific needs of an adobe mater-
ial, such as: abrasion resistance, falling abrasive test {(based on ASTM D 968-81);
water resistance, drop test (CRATerre drop test); waterabsorption (RILEM Test Method
No. 1.4 / Réunion Inrernationale sur les Matériaux et les Constructions).

The tese programme s still in progress. Therefore conclusions cannot yer be drawn
to the practical side apart from the fact that with a very small amount of tannin the
characteristics of the material change considerably. Even 1% of tannin gives the sample
a dark brown colour and makes it much harder and much more resistant to warer-
uptake. Whether this makes tannin an appropriate amendment to adobe conservation,
either in plaster, repair mortar or even complete blocks, is something that can only be
judged after both the theoretical and the practical research have been completed.

Notes

1. Supervisor for this Master’s thesis is H. Houben from the Internarional Centre for Earth Construction
— School of Architecrure Grenoble, Villefonraine, France.

2. The term adobe originally refers to rectangular building blocks made of 2 mixture of clay, silt and sand,
naturally dried in the shade for several weeks, as used on the American continent. Mudbricks is a term
commonly used in the Middle-East region for the same style of building. The term earthen architecture
covers all aspects of building with earth: adobe, mudbricks, cob-walling, pisé, etc., as well as plasters. In
American terminology it is customary ro address ali earthen architecture with adobe.
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H.J. Franken

THE STUDY OF CLAYS AND NON-PLASTICS IN POTTERY
AND THE HISTORY OF AN ARCHAEOLOGICAL SITE (JERUSALEM)

The use thar can be made of the information obtained by the study of clays and non-plas-
tics in ancient pottery from Jerusalem, excavated by the fate Dame Kathleen Kenyon and
investigated at the Department of Potrery Technology, is not restricted to understanding
the craft of the potters or the provenance of the raw materials. The following is an attempt
to show connections berween the history of an archaeological site and the poteer’s raw
materials.

Introduction

Ancient Jerusalem, from its earliest occupation in the early third millennium B.C. to
the first millennium A.D., provides the necessary information for the study of the rela-
tionship between the history of the site and the potter’s raw materials. A technological
study was made of pottery sherds, excavated in 1961-1967 by the British School of
Archaeology in Jerusalem under the direction of the late Dame Kathleen Kenyon (see
Franken and Steiner 1990: 1, 2}. It is maineained here that each time archaeology finds
a significant event in the history of the site, the raw materials used by the potrers reflect
that event. Looking at one period only one may not be alerted to such connections but
in the study of longer periods the suggestion of such a relationship becomes stronger.

The potter’s local raw materials

The best definition of the materials that were locally available to potters working close
to the site comes from poteery produced in the Iron Age (ca. 1200-600 B.C.). Three
distinctly different clays — clay A, B, and C — were used, which have been described in
Franken and Steiner (1990: 78, 79)!. When talking about clays in this study it should
be noted that the emphasis is on the reconstruction of the potter’s craft and not on a
scientific analysis of the chemical composition of clays. Likewise, the description of the
non-plastics found in the pottery could be much elaborated on by a mineralogist, but the
minerals mentioned in this publication are what the name says, and calcite is indeed
calcite and quartz is quartz. Thus the three clays may have had the same origin and
basic chemical composition, but because of having been transported by natural agents,
at least two of them did not only come from different find spots but had also obtained
important differences in properties and had to be used in different ways by the potters.

Clay A that was probably available in the immediate environment of the site was a
very silty, microfossiliferous and calcarious clay. Microfossils occur in large quantities

Newsletter of the Department of Portery Technology (Leiden University) 14/15, 1996/1997: 19-23.
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and their presence can be explained as having been washed out of the native rock on
which Jerusalem stood. Together with clay that was washed away from ies original bed
it formed a silty soil, containing not only fossils but also extremely fine lime, soluble
salt, extremely fine quartz particles and iron grains. This clay probably accumulated in
the valleys south of the site where it easily could be obtained by the potters. It was
not a good plastic clay and was never used on a thrower’s wheel. It was obviously a clay
that was suited for hand-built pottery with the use of a hand-operated turntable. When
fired it has a pale reddish colour due to the lime contents and at temperatures above
1000°C the colour becomes greenish.

Clay B is a good red firing clay by itself and rather plastic, but it was mixed in
nature with very large quantities of small carbonate rhombs, which derive from the
dolomitic rock such as found in the Wadi Refaim, south-west from Jerusalem. The clay
matrix still had enough plasiticity left to be used on a good potter’s wheel. The clay
contains small amounts of iron and quartz in silt fraction. The break of the fired sherd
is smooth, in contrast to sherds from clay A. In both clays the carbonate inclusions are
too small to cause damage to the pots when fired over 825°C, when lime turns into
quick-lime. The fired colour is also pale reddish.

Clay C is poor in free carbonates but rather silty due to fine quartz and iron grains
and other minerals. Lime grains occur in the fired products but they always come from
other sources than the clay bed iwself. This clay has good plastic properties so that it
could be used to throw jugs with thin walls and it stood higher temperatures than the
other clay mixtures. Its fired colour is dark reddish-brown and the origin of this clay
may be the so-called motza clay that is found in the neighbourhood of Jerusalem.

The three clays dominate the ceramic picture in the Iron Age and the definition
comes from the study of thousands of Iron Age sherds. They provide enough informa-
tion to tell us what to expect when potters settle near the site and start exploring the
possibilities of the local clay beds.

The history of the site and the potter’s use of raw materials
The first settlement

The first settlement at the site is estimated to have occurred at the beginning of the
Bronze Age I, abour 3100 B.C. Very few building remains were excavated and the site
is interpreted as a village (Auld and Steiner 1996). How long this occupation lasted is
not known, but not much longer than two or three hundred years. Some sherds of this
period were found in caves but most sherds were found in pockets in bedrock, or in
ancient dumps. The total amount of sherds studied in Leiden is about 120, not enough
for a reliable statistical evaluation of the various temper groups. Looking at the non-
plastics we find the following picture.

One general feature is that all sherds contained organic matter and hair from herbi-
vores which indicates that the clay was taken from the surface and not from deeper levels.
In all later periods the clay came from well below the surface.

Nine different clay temper groups were distinguished in this assemblage and only one
group, represented by seven sherds, is from a Jerusalem’ clay. This is clay B. The other
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eight groups point to other regions as the area of production. There is pottery contain-
ing igneous rock sand and sherds containing shale or lime withour microfossils. Several
sherds demonstrate very ancient traditional potrer’s habits such as using grog or pounded
calcite as temper. Both temper materials were already found in Neolithic potrery from
Teli es-Sulean or ancient Jericho.

So most pottery was not produced locally, which suggests thar the population of
the village or part of it led a rather nomadic existence, in contrast to the next period of
habitation.

From the 18th century B.C. until 1200 B.C.

The beginning of the Middle Bronze Age Il is characterized by a settlement dated to
the 18th cencury B.C. of which a long stretch of defence wall has been excavated by
Dame Kathleen Kenyon. More than five hundred rim sherds were preserved by her
and the vast majority is made of clay B. Clay B was used for the production of Middle
Bronze Age thrown pottery, with its thin walls and curved shapes. The cooking pots
show that the potters knew how to make them heat shockproof by mixing clay with
pounded calcite. The original clay for this kind of pottery may have been clay C. Some
fifteen sherds show a different mixture. Storage jars predominate in the assemblage and
the potrery suggests a comparatively well-to-do settied population. The site was aban-
doned in the next century.

The Iron Age (1200-587 B.C)

The first people that left more traces of their presence at the site than a few tombs came
at the end of the thirteenth cenrury B.C. From then on the site has been continuously
inhabired till the present.

At the end of the 13th century B.C. a new period of building began, and a small
setelement, or rather a fortress, was erected by people who were called Jebusite in the
Biblical stories. When a new settlement starts this always artracts poteers who are will-
ing to migrate to the new market. However, there were still potters working in the
Nahal Refaim, as is shown by their pottery. From the 710 rim sherds belonging to Iron
Age I that were tested 71% were produced in the local clay B. Some new potters seem
to have come from areas where quartz sand was used as a temper and continued using
this. They may have found a source of sand nearby. However, it is possible that the
sand was brought up from the western plains. Clay C was still used in the production
of cooking pots. The new potters brought with them their own traditions of treating
clays with additions such as organic matter or sands, and these traditions proved to be
rather strong. Foreign and local potters were supposedly working side by side and they
stuck to their own ways which did not change during the Iron Age. Statistically signif-
icant figures are available to demonstrate this.

Thus a large amount of pottery was made with clay B without further additions,
while the other mixtures occur only in small quantities. The following wares are found
right through the Iron Age: clay A occurs with a temper of lime sand, with a mixture
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of lime and quartz sand or with only quartz sand; clay B also occurs mixed with quartz
sand; and clay C is the regular cooking-pot ware mixed with pounded caicite. Clay C
mixed with quartz sand is rare. Other clays were used in small quantities. The most
likely explanation for their occurrence is that during the wet season pottery production
in the mountains had to stop because neither the pottery nor the kilns were dry enough
to be fired. In those unproductive periods pottery may have been imported from dryer
arcas. The point I am making here is that the site attracted potters who broughe with
them their own traditional methods of making pottery. The existence of the various
potters’ workshops in this period can be traced by the study of the use of non-plastic
materials in the potrery.

In the tenth century new building activities took place and there is enough pottery
preserved to be able to note some dramatic changes. 546 Sherds were tested for ware.
The dolomite clay B had completely lost its dominance and represented only 20% of
the total asserblage. The use of quartz sand in the fossiliferous clay had risen from 1%
to 24% and the use of quartz sand in clay C, the cooking port clay, had risen from 2%
to nearly 15%. The use of clay B diminished during the following centuries and in the
seventh century it is less than 5% whereas clay A makes up 90% of the production.
It seems that the proximity of the clay beds to the site was a decisive element in the
dominance of the use of clay A. The changes in the use of quartz sand as a filler in the clay
probably reflects the political situation. If indeed it had to be broughr to the site by
caravan from the coastal regions, because it was not available locally, then the invasion
of the Assyrian army in the late 8th century B.C. which resulted in the destruction of
the entire country except for the town of Jerusalem, should have made the sources of
quartz sand inaccessible and indeed sand temper praceically disappears after that event.

The Exile (587-538 B.C.) and the post-exilic period

In 587 B.C. the town of Jerusalem was destroyed and the inhabitanes including the
potters went into exile. This information is confirmed by the study of the non-plastics.
Archaeological dogma had it that after the return of the exiles to their home country,
[ron Age pottery shapes were no longer produced. But in the ancient dumps from the
sixth and fifth centuries B.C. pottery was excavated by Dame Kathleen Kenyon that
was identical to the seventh century B.C. assemblage but for one feature: the temper
materials. From all the possible combinations of non-plastics and clays that were used
by the pre-exilic potters only three are found in post-exilic times. The use of quartz
sand which had practically disappeared before the Exile is now a normal feature in clay
A. Moreover, the use of clay B, the dolomite clay, dominartes the pottery production.
From 5% of the total production before the Exile it became 82% after that event.
In pre-exilic times lamps were not produced in clay B but now it is normally used for
the manufacture of lamps. This clearly indicates that the old potters and their families
did not return. The old potters were replaced by new ones from the plains where quartz
sand was the normal inclusion in potters’ clays.

Another archaeological presumption about post-exilic pottery is invalidated by this
study of the non-plastic minerals in potsherds. Long ago it was observed that post-exilic
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pottery in Palestine looked very much like contemporary Greek pottery, but only dec-
orated pieces like black slip-glazed wares and vessels like Greek wine storage jars were
considered as imports. However, it has now been shown by the study of the wares that
large quantities of plain kitchen wares were imported from the Greek mainland, mainly
Corinth.

The composition of the wares of many sherds is comparable with those of red slip-
glazed Corinthian wares rather than with anything in the local production. Plain wares
that resemble those of Arric black slip-glazed wares were not found in the Jerusalem
assemblage. A small number of sherds even suggests that some Greek potters setded in
the country and started a search for suitable clays which would fir their ways of pro-
ducing pottery. They must have found one that was similar to clay B but with far fewer
or no dolomite thombs or only extremely minute ones. From this local Palestinian clay
they produced Corinth-like porttery. Slowly this “Greek” pottery began to dominate the
ceramic scene in Palestine and during the Hellenistic period the last Iron Age pottery
shapes disappeared from the markers.

Notes

1. See for a full report on the clays and temper marerials used in the Iron Age: Franken and Steiner
{1990}, and for the other periods Franken {forthcoming).

References

Auld, G. and M. Steiner (1996), ferusalem, from the Bronze Age to the Maccabees (Cities of the
Biblical World}, Cambridge.

Franken, H.J. (forthcoming), Excavations in Jerusalem 1961-1967. The History of Pots and Pot-
ters in Ancient Jerusalem.

Franken, H.J. and M.L. Steiner {1990), Excavations in Jerusalem 1961-1967, Vol IT. The fron
Age Extramural Quarter on the South-East Hill, Oxford,






A, van As
L. Jacobs
O.P. Nieuwenhuyse

THE TRANSITIONAL FINE WARE POTTERY OF TELL SABI ABYAD,
SYRIA. A PILOT STUDY

"The Departmen of Pottery Technology is involved in the study of the portery excavated by
the Dutch Archaeological Expedition under the direction of dr. PMM.G. Akkermans
(National Museumn of Antiquities in Leiden) at Tell Sabi Abyad in northern Syria {Fig. 1).
This pilot study presents the results of a technological analysis of the Fine Ware potery
from the Transitional levels of Tell Sabi Abyad (ca. 5200-5100 B.C.). This Transitional
period of Tell Sabi Abyad precedes the Halaf period. The ceramic-technological scudy of
the Transitional pottery seeks to elucidate the origins of the Halaf pottery and its relations
with other, contemporancous ceramic traditions in Late Neolithic Mesopotamial,

Introduction

Among the thorniest problems in Near Eastern prehiscory is the question of the so-
called origins of the Halaf culture. This Late Neolithic culture (ca. 5100-4700 B.C.) is
named after the site of Tell Halaf in northeastern Syria, where in the early thirties of
our century the German aristocrat Baron Von Oppenheim scarted the excavation of
the magnificent Iron Age palace of ancient Guzana. As an unexpected by-product, his
excavations yielded an impressive collection of prehistoric (Late Neolithic), decorated
pottery (Von Oppenheim and Schmidt 1943). Tt is no doubt the painted pottery thart has
made the Halaf culture most famous. Later excavations and surveys show that Halaf
pottery has an unprecedented wide distribution over much of northern Mesopotamia,
including the northern Levant, southeast Anatolia, northern Syria and Iraq (Fig. 2).
According to Huot (1994: 63), the Late Neolithic period is “I'tre de la céramique
peinte”.

Initially, the seemingly sudden appearance of Halaf pottery over such a vast area gave
rise to numerous hypotheses with respect to the location of the origins of the Halafian
“tribes”. Recent archaeological excavations in combination with surveys now suggest
that the Halaf pottery style arose gradually our of a variety of Pre-Halaf ceramic assem-
blages. This process appears to have taken place — simultancously ~ over much of the
area subsequently covered by the Halaf phenomenon {Akkermans 1991, 1993, 1997;
Campbell 1992, 1997; Nieuwenhuyse 1995, in press, in prep.; Le Mitre and Nieuwen-
huyse 1996). The key-site where this process is being documented is Tell Sabi Abyad,
situated in the Balikh valley of the north-Syrian Jezirah (Figs. 1 and 2).

Newsletter of the Department of Pottery Technology (Leiden University) 14/15, 1996/1997: 25-47.
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Fig. 1. Map showing the location of
Tell Sabi Abyad, Syria.
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Fig. 2. Late Neolithic (Halaf} sites in northera Mesopotamia.
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The Transitional pottery of Tell Sabi Abyad

The Lare Neolithic mound of Tell Sabi Abyad covers abour 4 hectares. Excavations down
to virgin soil, some four metres below modern plain level, have exposed eleven super-
imposed building levels {Akkermans and Verhoeven 1995; Verhoeven and Kranendonk
1996). The site was occupied for almost a millennium (ca. 5700 B.C. to 5000 B.C.)%
The sequence has enabled the reconstruction of the chronological framework for the
region, which is divided into a number of major cultural-chronological periods (Table 1).
The excavations document the crucial transition from rthe Pre-Halaf period, termed
Balikh 11C, via the short-lived period of transition termed Balikh 1114 to the Early
Halaf of the Balikh IIIB period {Akkermans 1989, 1991, 1993, 1996).

Tell Slzl:rilfbyad Regional period Period Approximare dare
1
2 Balikh IJIB Early Halaf 5100-5000 B.C.
3
4 :
5 Balikh IIIA Transitional 5200-5100 B.C.
G
7
8
9 Balikh HC Pre-Halaf 5700-5200 B.C.
10
11

Table 1. Chronological framework of Tell Sabi Abyad.

Although Tell Sabi Abyad is thus far the only site where this transition is being exca-
vated, recent surveys in other regions of northern Mesopotamia (Campbell 1992;
Wilkinson and Tucker 1995) show that the Balikh sequence may be used as a frame of
reference on a wider, inter-regional scale (Nieuwenhuyse 1996).

The major ceramic innovation which signals the beginning of the Transitional
period at Sabi Abyad, is the introduction in level 6 of a new category of ceramics:
(decorated} Fine Ware. “Ware” is here defined as a class of pottery thar shares a similar
fabric, technology and surface treatment (Rice 1987: 484). This Fine Ware pottery
shows a characteristic combination of a predominanely mineral-tempered fabric and a
light-coloured surface. Fine Ware is much more often decorated than any other group,
by means of painting, impressing or both. Introduced in small numbers in level 6, Fine
Ware porttery rapidly increases in imporrance. By the time of level 3 it dominates all
other ceramic categories (Le Miére and Nieuwenhuyse 1996). The high degree of deco-
ration on the Fine Ware and its strong stylistic elaboration of vessel shape suggest that
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this category functioned as a new and increasingly popular medium for the transmission
of social messages (Campbell 1992: 212-218; Akkermans 1993: 318-321). During the
Transitional period, the pottery is characterised by strong influences from the Hassuna
and Samarra pottery styles, which were previously thought to be largely restricted to
northern and central Iraq, respectively (Akkermans and Le Miére 1992; Le Mitre and
Nieuwenhuyse 1996}

Traditionally, Late Neolithic pottery in Mesopotamia has been primarily studied
from a typo-chronological perspective. A basic problem here is how to define the ceramic
categories (Campbell 1997). The traditional cultural framework of the Late Neolithic
of northern Mesopotamia includes three distinct ceramic categories: Hassuna, Samarra,
and Halaf. The Hassuna is found in the northern Jezirzh, and the Samarra occurs in
central Iraq. Both are ultimately replaced by the Halaf. According to this framework,
Samarran pottery was exported from the Samarra “homelands” in central Irag into the
Hassuna communities up north, where, moreover, Samarran pottery was often copied
(Lloyd and Safar 1945; Mortensen 1970; Munchaev and Merpert 1971).

In the past, however, the distinctions berween these various ceramic categories were
not made on the basis of technological analyses. Today, it has been increasingly recog-
nised that these distinctions are blurred (Bernbeck 1994; Campbell 1992, 1997; Guz
1995; Nieuwenhuyse in press; see already Braidwood 1945; Braidwood ez al. 1952).
Thus, at Tell Sabi Abyad, there appeats to be no sharp boundary between the Hassuna/
Samarra-style pottery from the Transitional levels and the pottery from the Early Halaf
levels. Moreover, a first examination of the Transitional portery has suggested the exis-
tence of at least three sub-groups of Fine Ware, termed Standard Fine Ware (Figs. 3 and
4), Orange Fine Ware (Fig. 5) and Fine Painted Ware (Fig. 6) (Le Miére and Nieuwen-
huyse 1996). These groups all combine Hassuna and Samarra stylistic and technological
traits to various extents. While some Standard Fine Ware vessels at Tell Sabi Abyad are
suspiciously similar to ‘classic’ Samarra pottery from central Irag (e.g. Fig. 4), others are
clearly not (e.g. Fig. 3). The variation in technological and stylistic aspects is such, how-
ever, that at present no clear boundary can be drawn in the field to distinguish one
group of ‘classic’ Samarra pottery from other groups.

A ceramic-technological pilot study

The present study gives the first results of a ceramic-technological pilot study of a sam-
ple of 224 sherds of (decorated) Fine Ware pottery from the Transitional ievels of Tell
Sabi Abyad currently stored at the National Museum of Antiquities in Leiden’.

The aims of the present ceramic-technological pilot study are to gain a first insight
into the changes in pottery technology and resource selection during the Transitional
period, and to evaluate the potential for further work. Following the categorization of
Le Mitre and Nieuwenhuyse (1996), the sample consisted mostly of Standard Fine Ware
{Figs. 3 and 4), but included Orange Fine Ware (Fig. 5) and Fine Painted Ware as well
{(Fig. 6)%. The Standard Fine Ware consisted of both Standard Fine Ware decorated in
a presumably local style (Fig. 3) and Standard Fine Ware decorated in the Samarra style
(Fig. 4; see also Fig. 7).
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10em

Fig. 3. Selection of Standard Fine Ware (“Local Style”) used in this study.
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12

Fig. 3 (continued). Selection of Standard Fine Ware {*Local Style”) used in this study.

3 4 5 6

Fig. 4. Selection of Standard Fine Ware (“Samarra Style”) used in this study.
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Fig. 5. Selection of Orange Fine Ware used in this study.
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Fig. 6. Selection of Fine Painted Ware used in this study.

This study follows in the footsteps of carlier research on this pottery along these
lines by the Department of Pottery Technology (van As and Jacobs 1989) and by the
Maison de ['Orient of the University of Lyon (Le Miére 1989; Le Miere and Picon
1991). Rather than the purely ‘high tech’ approach adopted by many researchers (e.g.
Davidson 1977; Davidson and McKerrel 1976; Le Mikre and Picon 1987; Bader,
Bashilov, Le Miére and Picon 1991), the Department of Pottery Technology emphasizes
a ‘low tech’ approach as a basis for such ‘high tech’ ceramic studies (van As 1993).
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Fig. 7. Examples of Standard Fine Ware (“Local Style™) (nos. 1-3), Standard Fine Ware
(“Samarra Style”) (nos 4-3), Orange Fine Ware (nos. 6-8), and Fine Painted Ware (no. 9)
used in this study {not on scale).

The shaping technique

The sample of Fine Ware being studied included both flat and convex base fragments.
The flat bases of the vessels were made by pressing out a slab of clay either between the
hands or on a flat basis. Next the vessel was made by using the coiling technique. The
convex bases, in contrast, were made by pressing soft clay into a mould. As a next step,
the clay was spread our and the surplus was scraped away. Some convex bases seem to
have been made in little holes in the ground. Characteristic indications of moulding are
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Fig. 8. Reconstruction of traces of scraping on Fine Ware pottery:

(1) Standard Fine Ware jar with the interior surface scraped; (2) reconstruction of
Standard Fine Ware jar base with interior scraped by using a flins tool; (3) simulation of
scraping a fine clay using Late Neolithic flint and obsidian tools from Tell Sabi Abyad;
(4) flint and obsidian tools used in the simularion experiment.

the exterior smooth and regular surface and the marks of pressing, spreading and scrap-
ing on the inside. On some base fragments the finger impressions are rather deep.
This indicates that the clay was firmly pressed into the mould. Using a2 mould made it
also possible to scrape the inside of the base more strongly. In some cases it seems that
blades of flint or obsidian were used as scrapers. In fact, these scraping marks fully
resemble those left behind during a simulation experiment using Late Neolithic blades
from Tell Sabi Abyad (Fig. 8)°.

As to the convex bases, after a short period of drying, the base taken our of the
mould was strong enough to build up the vessel. The vessels were built using the coiling
technique. One after the other, the coils were added and pressed upwards. A potsherd
or a scraper must have been used to give counterpressure. However, since the surface
on the outside was finally made as smooth and even as possible, the traces of the use
of this tool have mostly been erased®. During the building up of the vessel by coiling,
the thickness of the body was controlled. If necessary, the thickness was slighdy reduced
or a lietle bit of clay was added. Generally, however, the clay must have been strong
enough not to collapse when coils of clay were being added.
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In some cases, where subsequent smoothing of the surface had not obliterated the
traces of shaping, the coiling technique was still clearly identifiable by the thickenings
due to the fastening of the coils. Wherever the coils had not been carefully attached,
the vessel broke easily along the attachment. Many fragments show such a pattern of
breaking. The body of the vessel made by coiling was evidently less regular than the
part shaped in a mould.

After the vessel bad been formed, the exterior of the body was smoothed with a spatula
of wood or bone and then by rubbing over the surface with the hand or a piece of leather.
Mostly, the open shapes were also smoothed on the inside. In these cases, the traces on
the interior surface indicating that the base was made in a mould were less cleatly visible.

Only one small fragment was found of which the neck was made by adding a coil of
clay to the lower half of the vessel that had been formed by pinching a ball of clay.

Finally, it should be mentioned that, considering the irregular thickness of the wall
and the badly sorted coarse tempering material, the Orange Fine Ware in general seems
to have been less carefully made than the other Fine Ware groups.

Decoration and firing

The decoration of the Standard Fine Ware and the Fine Painted Ware consists of paint-
ing and, to a lesser degree, of painting in combination with impressions and incisions.
The decoration of the Orange Fine Ware consists exclusively of painting.

The horizoneal painted lines are in most cases very even and uninterrupted and were
carried out in a very regular manner. The thickness of these lines is also very regular
(Fig. 7). This suggests that a rotating surface, probably a turntable, was used for paint-
ing these lines’.

The three groups {viz. Standard Fine Ware, Orange Fine Ware, Fine Painted Ware)
differ in paint colour. The painting of the Standard Fine Ware is predominantly dark.
A weak red (Munsell Soil Color Charts: 2.5YR 5/2, 5/3 and 6/3) or a dusky red (2.5YR
4/2, 4/3) paint is observed occasionally, but dark grey (5YR 4/1, 4/2 and 10YR 4/1),
dark greyish brown (10YR 4/2) or dark brown (10YR 3/3) is more characteristic®. In
contrast, the surface of the Standard Fine Ware is very light and varies from pale brown
(10YR 8/4, 8/3 and 7/4, 7/3) to pale yellow (2.5Y 7/3, 8/2 and 8/3) and pink (7.5YR
8/4}. In this way, Standard Fine Ware is characterised by a reasonable to good conerast
between the dark paint and the light background (Fig. 7). The painting consists of a clay
slip which was applied with a fine paintbrush on the vessel after drying.

The painting of the Fine Painted Ware is of a red {2.5YR 5/8 and 5/6) and dark red
(2.5YR 4/8) colour. The surface of the Fine Painted Ware varies from weak red (2.5YR
6/4) to very pale brown (10YR 7/2, 7/3 and 8/2, 8/3) and light grey (10YR 7/2). Some-
times, the painting showing a gloss of sintering was burnished. Wherever the painting of
the Fine Ware has crumbled off by its long stay in the ground, the painted lines are only
visible as relatively light stripes against the dirty background of secondary deposits.

The painting of the Orange Fine Ware varies from weak red (2.5YR 5/4, 5/3 and 6/2)
to red (2.5YR 5/6). The surface of this ware is of a lighter colour and varies from reddish
yellow (5YR 6/8, 7/6 and 7/8) to pink (SYR 7/3).
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In order to gain an understanding of the genesis of the dark colour of the painting
of the Standard Fine Ware, the elementary composition of both the unpainted surface
and the painting of two sherds — one of the Standard Fine Ware (“Samarra Style”) and
one of the Orange Fine Ware — has been analysed by using the Scanning Elecrron
Microscope (SEM) microprobe (Figs. 9-12)°.

The microprobe-spectra of the surface of both wares (Figs. 9 and 11) show, apart
from the normal clay components (Al and Si), also a high proportion of calcium (Ca)
that is common in the montmorillonite clay of Northern Mesopotamia (Schneider 1991).
To a lesser degree, the microprobe-spectra show magnesium {Mg) and potassium (K).
The Standard Fine Ware (*Samarra Style”) shows sulphur (S) as well. In combination
with calcium, the sulphur forms gypsum {CaSO,), which, together with magnesium, is
present as a “scum’ on the surface.

In both wares iron (Fe) was measured as the only colouring element. From the pres-
ence of iron (Fe) we may conclude that the orange-red colour of the Orange Fine
Ware has arisen by firing in an oxidizing atmosphere. Pottery made of iron containing
clay becomes orange-red if fired in an oxidizing atmosphere in which the iron (Fe)
forms Fe,O;. This holds also for the painting of the Orange Fine Ware. Both the
sherd and the surface of the Standard Fine Ware (“Samarra Style”), where not painted,
are of a very pale brown, pale yellow and pink colour. These light colours are charac-
teristic of most pottery made of clay from the Balikh, Euphrates and Tigris basins, and
aris¢ as a consequence of a neurral firing atmosphere. Light surface colours are
obtained especially in a kiln in which the combustion gas is being retained for some
time. Under such circumstances, any iron component possibly present in the clay
cannot easily combine with oxygen, prohibiting a red surface colour to form. The fol-
lowing happens with the iron in the clay. Part of it combines with chlorine vapour
and evaporates, particularly when the clay contains salts like NaCl, KCI, CaCl and
MgCl. The possibly still remaining iron is combined with calcium silicates already
formed art a low temperature (from 750°C onwards) contributing to a relatively light
surface colour.

The dark red to dark grey colour of the painting of the Standard Fine Ware (“Samarra
Style”) can be explained by the forming of FeO as a result of firing in a slightly reduc-
ing atmosphere and art sufficiently high temperatures {900-950°C). Since some sinter-
ing had already taken place because of the rather high firing remperature, the already
reduced iron (FeO) could not be oxidized again at the end of the firing process. At the
painted places a fusion of FeO with magnesium-, potassium- and calcium salts devel-
oped. The varying calcium, potassium, iron and magnesium contents together with the
firing circumstances in a rather acid (SiO,) atmosphere explain the dark-red to dark-
grey colours of the painting, Occasionally, the colour of the painting shades into purple.
This colour is probably caused by the fact thart the iron is not quite pure, but occurs in
combination with non-measurable traces of manganese. Like in glazes, these traces, in
combination with the potassium salts in concentration at the surface explain the purplish-
brown colour. Potassium salts may have been obtained by the burning of vegerable
material like salicornia and prosopis. The resulting ash is called potassium and can be
added to the clay slip (Steinberg and Kamilli 1984).
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Fig. 9. Element spectra of the surface of Standard Fine Ware (“Samarra Style”).
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Fig. 10. Element spectra of the paint of Standard Fine Ware (“Samarra Style”).

The fabric

In order to give a more detailed description than was made in the field (Le Miére and
Nieuwenhuyse 1996}, the fabric was analysed. At the same time, the aim was to gain a
clear understanding of the similarities and differences of the fabric of the various cate-
gories of Fine Ware.

Out of the total number of 224 sherds of Fine Ware bemg studied, a sample of 82
sherds was analysed, divided over the various sub-categories: 53 sherds of Standard Fine
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Fig. 12. Element spectra of the paint of Orange Fine Ware,

Ware (“Local Style”); 8 sherds of Standard Fine Ware (“Samarra Style™); 12 sherds of
Orange Fine Ware; 9 sherds of Fine Painted Ware. ‘

First of all, in order to standardise differences in colour due to firing, the sherds were
refired in an oxidizing atmosphere at 750°C, the raised temperature being maintained
for 30 minutes. After recording the colour, the non-plastic inclusions were analysed by
binocular microscopy (40x magnification) (types, size, quantity, shapes, sorting, colour).
At the same time, attention was paid to the pores and the matrix, The fabric analysis
yielded six fabric groups.
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Colour:

Grains:
dominant types:
a few types:
sporadic types:

dominant size:
quantity:
dominant shapes:
$SOITing:

colour:

Pores:

Matrix:

Fabric 1 14 sherds Swndard Fine Ware (“Local Style”)

surface:  2.5Y 8/2 (pale yellow).
core: 10YR 7/4 (very pale brown) and 5YR 7/6 (reddish yellow).
paint: 5YR 5/4 (reddish brown).

burnt-out micro-fossils.

mudrock; undissolved grains of clay (sometimes rather large).
calcium (residues of micro-fossils/partly secondary); iron-oxide silt-
stone; (very small) quartz grains.

< 500u; sometimes larger grains.

5-10%.

sub-rounded; some rounded.

moderate/good.

mainly light.

small.

compact; hard; zoned clay deposit; rather plastic and therefore some-
times not very homogeneous.

Colour:

Grains:
dominant types:

a few types:
sporadic types:

dominant size:
quantity:
dominant shapes:
sorting:

colour:

Pores:

Matrix:

Fabric 2 30 sherds Smndard Fine Ware (“Local Style”)

surface:  2.5Y 7/3 (pale yellow) and 10YR 7/4 {very pale brown).
core: 2.5Y 7/3 (pale yellow) and 10YR 7/4 (very pale brown).
paint: 5YR 6/6 (reddish yellow) and 10YR 3/2 {very dark greyish brown).”

transparent quartz; burnt-out grains of carbonate (partly micro-
fossil to light brown crust of a residue/partly caicium).

none.

rock fragmenss (including quarez); siltstone; compounds of iron;
micas; undissolved grains of clay.

< 500u.

5-20%, mainly around 10%.

sub-angular to sub-rounded; some angular.

good.

mainly light.

very small.

compact; some very compact.




The Transitional Fine Ware pottery of Tell Sabi Abyad, Syria 39

Fabric 3 9 sherds Srandard Fine Ware (“Local Spyle”)

Colour:

surface:  5YR 7/4 (pink} and 10YR 7/4 (very pale brown).
core: SYR 7/4 {pink}.
painr: SYR 6/8 (reddish yellow} and 5YR 7/4 (pink).

Grains:
dominant types:
a few types:
sporadic types:

dominant size:
quantity:
dominant shapes:
sorting:

colour:

Pores:

Matrix:

calcium (partly micro-fossil); burnt out grains {micro-fossit}.
sometimes grains of quartz; undissolved grains of clay.
compounds of iron; quartz grains; siltstone; undissolved grains of
clay; micaceous schists; micas.

< 500u; sporadically grains < 2 mm.

10-20%; mainly around 15%.

sub-angular to sub-rounded.

moderate/bad.

mainly light.

very small.

compact,

Fabric 4 8 sherds Standard Fine Ware (“Samarra Style)”

Colour:

surface:  2.5YR 7/3 (pale vellow) and 10YR 8/4 (very pale brown).
core: 2.5Y 7/3 {pale yellow), SYR 8/3 (pink} and 10YR 7/3 (very pale brown).
paint: 10YR 4/4 (dack yellowish brown) and 10YR 3/6 (dark yellowish brown).

Grains:
dominant types:

a few types:
sporadic types:
dominant size:
quantity:
dominant shapes:
sorting:

colour:

Pozes:

Matrix:

transparent quartz (sometimes relatively much in relation to Fine
Painted Whare); burnt-out carbonare grains (crust of a light red
residue of a more or less globular shape); {more or less burnt-out)
calcium carbonare.

iron-oxide sandstone; sandstone.

dark grains {pyroxene).

< 500u.

10-20%, mainly around 15%.

angular to sub-angular.

good; moderare.

various; mainly light.

very small; hollow spaces with an elongated shape (burnt fibres of
organic origin).

compact.
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Colour:

Grains:
dominant rypes:
a few types:

sporadic types:
dominant size:
quantity:
dominant shapes:
sorting:

colour:

Pores:

Matrix:

Fabric 5 12 sherds Orange Fine Ware

surface:  2.5YR 6/6 (red) and 5YR &/3 {pink).
core: 2.5YR 6/6 (red) and 5YR 8/3 (pink).
paint: 2.5YR 5/8 (red).

mudstone/mudrock; limestone/micro-fossils.

siftstone; limestone {in some sherds the limestone content is rather
low).

compounds of iron; a littde quartz.

< 2 mm; sometimes larger.

15-20%.

‘sub-angular to sub-rounded.

moderate/bad.
mainly light.

normal; sometimes holes from burnt fibrous material of organic
origin, otientared in several directions.

normal; sometimes normal to compact.

Colour:

Grains
dominant types:

other types:

sporadic types:
dominant size:
quantity:
dominanz shapes:
sorting:

colour:

Pores:

Magrix:

Fabric 6 9 sherds Fine Paiuted Ware

suface:  10YR 7/3 (very pale brown) and 5YR 7/3 {pink).
core: 10YR 6/3 (pale brown), 10YR 8/6 (yellow) and 5YR 7/3 (pink).
paint: 2.5YR 6/6 (red) and SYR 5/4 (reddish brown).

burnt-out carbonate grains {most of micro-fossi! origin}; calcium
(from micro-fossil origin; partly secondary); clear quartz; quarcz
sandstone may occur.

grains containing iron-oxide; mudrock may occur; micaceous schists
may occur.

grains containing iron-oxide {e.g. iron siltsone).

< 500u; sometimes larger grains, up to 2 mm.

5-10%.

angular to sub-angular and/or sub-rounded.

good.

mainly light.

very small, sometimes elongated, with a flat fibrous shape orientated
in several direction: caused by burnt-out organic marerial.

Compact.
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The Standard Fine Ware (“Samarra Style”), the Orange Fine Ware, and the Fine Painted
Ware formed the fabric groups 4, 5 and 6, respectively. The examination of the fabric
of the Standard Fine Ware (“Local Style”) suggested the presence of three different fab-
ric groups (fabric groups 1-3}.

It should be noted thar after refiring, the colours of the sherds within each fabric
group vary strongly. On the other hand, there are several overlaps berween the various
groups. The z priori differences between the various wares appear to be mainly based
on decorative characteristics. In particular, the distinction based on style between
“local” and “Samarra Style” Standard Fine Ware does not reveal iwself in a mere fabric
categorization. Based on the composition of the fabric of the Standard Fine Ware
{(“Samarra Seyle”) we may not assume that this ceramic caregory is of non-local origin.
Only the Orange Fine Ware (fabric 5) clearly contrasts with the other fabric groups.
The difference consists of the kind of inclusions {more limestone and mudrock), the
amount and largeness of the grains. At the same time, the matrix is less compacet. In
general the marerial is coarser.

Summary and conclusions

Some aspects of continuity as well as of innovation are becoming apparent regarding
Fine Ware production at Tell Sabi Abyad. Continuity is certainly visible in the methods
of shaping. Shaping techniques for Fine Ware production during the Transitional stage
appear to be similar to the shaping techniques for the Early Halaf Fine Ware pottery
(van As and Jacobs 1989). Coiling seems to have been the major shaping technique
employed for all Transitional Fine Ware groups. In addition, pinching was used for the
production of small vessels'®. Thus, it appears that the evolution from the Samarra/
Hassuna-influenced Transitional Pine Ware to the Early Halaf Fine Ware at Tell Sabi
Abyad was not characterised by the introduction of new shaping methods.

However, some small changes perhaps suggest modifications in the organisation of
poteery production. Convex bases, which were made by using moulds, became more
common during the Transitional Period and, in particular, the Farly Halaf period (Le
Mitre and Nieuwenhuyse 1996). Using moulds increases the output per unit of time
and this suggests, perhaps, an intensification of production during the Transitional
period (Rice 1987: 190). To paint the regular horizontal lines that are at the basis of
the decoration of the Fine Wares from the Transitional period, the poteers probably used
a rotating device. Such horizontal lines are not regularly part of the stylistic conventions
of the Pre-Halaf painted pottery at Tell Sabi Abyad. Evidently, the use of a simple turn-
ing device does not reflect changes in the organisation of the pottery production of a
similar impact as does the introduction of the potrer’s wheel, which in Mesopotamia
rakes place much later during the Uruk period. It may indicate, however, a more ratio-
nalised production of painted pottery. It can be suggested that one characreristic in par-
ticular of the transition in Syria and northern Mesopotamia is that the painted pottery
traditions from various regions became increasingly similar to each other, eventually
culminating in the strong stylistic unity of the Halaf period. In this respect, Peter Akker-
mans (1997) recently spoke of the Halaf as a “cultural umbrella” affecting numerous
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groups. This trend may have been facilitated by the adoption of standardised techniques
of decoration.

A major technological innovation seems to be represented by the development of
a better control over firing conditions. Rather than using special pigments for black
paint, it appears that in order to produce the new, black-on-buff painted Standard Fine
Ware, the poteers at Tell Sabi Abyad experimented with varying oxygen conditions in
the oven'’. It has convincingly been shown that superior control over reduction and re-
oxidation stages during the firing process produced the lustrous, dark-painted Fine
Wares of the Halaf period (van As and Jacobs 1989; Matson 1983; Noll 1976a, 1976b,
1991; Steinberg and Kamili 1984). As several of these writers have emphasised (e.g.
Noll 1991), the Halaf potters used firing strategies that resemble those used by the pot-
ters of classical Greece. Compounds such as potassium may have been added to the
clay slip in order to facilitate the sintering process needed to keep a dark paint and to
produce a desirable light surface (Rice 1987: 116; Jacobs 1991/1992). At the same
time, salts, like NaCl, KCI, and MgCl, in lower contents natural to the clay would have
counteracted the tendency of the calcite inclusions (lime to spall and thus causing
damage to the surface (Klemptner and Johnson 1986; Rice 1987: 116).

At Tell Sabi Abyad, we may place these observations in an evolutionary perspective.
The Pre-Halaf pottery is painted exclusively with reddish paint (Le Migre and Nieuwen-
huyse 1996: 138, 155), whereas the carliest Halaf pottery is already painted with dark
colours in a rather standardised way (Le Mitre and Nieuwenhuyse 1996: 178); Nieuwen-
huyse 1997}. The necessary steps towards mastering this new technique of firing pottery
thus appear to have been taken during the Transitional period. Perhaps significandly, in
northern Iraq it is at precisely this time (the Standard Hassuna phase) that 2-stage
updraught kilns appear at Yarim Tepe 1 (Merpert and Munchaev 1973: 102). These
updraughr kilns have not yet been attested at Tell Sabi Abyad, but it is reasonable to
suggest that such kilns were used for the Fine Ware production. Although it is not
excluded that less complex types of kilns were used, the even paint colour observed on
most of the sherds suggests well-controlled firing conditions'?. However this may be,
small numbers of wasters and warped vessels excavated at Tell Sabi Abyad attest to the
fact that Fine Ware pottery was being produced on or near the site (Le Miére and
Nieuwenhuyse 1996: 158, 178, Fig. 3.32:1}.

Evaluating the results of the present pilot study; it is too preliminary to answer with
certainty the question whether a ‘classic’ Samarra group can be differentiated on tech-
nological grounds from the rest of the decorated Standard Fine Ware pottery. One
shortcoming includes the small size of the present sample and the fact that most of the
sample comes from the end of the Transitional period {level 4), when Standard Fine Ware
had already evolved to become very similar to the Early Halaf pottery in technological
aspects {Le Miére and Nieuwenhuyse 1996). The sample is much less representative for
the start of the Transitional period (level 6), when the Samarra-style pottery was first
introduced.

Nevertheless, the results of the pilot study support the impression gained in the field,
namely that there is at present insufficient evidence to distinguish such a ‘classic’ Samarra
group on technological grounds.
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The lack of a clear differentiation between ‘local” and ‘imported’ Samarra pottery at
Tell Sabi Abyad is in agreement with other recent studies that question whether the
‘classic’ Samarra pottery was distibuted outside the Samarra heardand (Bernbeck
1994; Blackham 1996; Gut 1995). For the moment, the small differences in fabric
berween the Standard Fine Ware (“Samarra Style”) and Standard Fine Ware (“Local
Style”) may well be atrributed to subtle variations in the local clays that are available.
The Balikh river is nearby, within the 7 km distance that is often seen as the maximum
resource area for clays preferred by traditional potters (Arnold 1985: 50)*%. There s,
therefore, no strong reason to doubt thar Samarra-style Standard Fine Ware pottery was
made locally. In this respect, Neutron Activation Analyses cusrently carried out by the
Maison de I'Orient are eagerly awaited.

The Orange Fine Ware, in contrast, seems to differ in terms of fabric as well as in
firing procedures from the Standard Fine Ware. Although based on this pilot study,
it may eventually be possible to separate this minor category of decorated Fine Ware
more clearly from the majority of Standard Fine Ware. This is further suggested by a
chemical pilot-study carried out by the Maison de ['Oriens which suggests that Orange
Fine Ware may be of non-local origin, although its location of production remains
uncertain (Le Migre pers. comm.). Recent survey work suggests that Orange Fine Ware may
have had a wide distribution over northern Mesopotamia (Le Migre in press; Nieuwen-
huyse in press). Orange Fine Ware even occurs in the ‘classic’ Samarran assemblage of Tell
Baghouz (Nieuwenhuyse in prep.). Ironically, however, while Orange Fine Wase shows
Samarran vessel shapes as well as Samarran decoration, its rechnological characteristics
put it cleatly aside from what is commonly seen as ‘classic’ Samarra potrery.

As Blackham (1996: 13) recently emphasised, systematic ceramological-technological
research is essential at this stage to examine how to define and to interpret the distrib-
ution of Samarra-style pottery over Mesoporamia. In a wider sense, such research must
help us to come to a berrer understanding of the enormous changes in the rechnology
and production of potrery that characterise the transition from Pre-Halaf to Early
Halaf in Syria and northern Mesopotamia. This quest has only just begun.

Notes

1. This study would not have been possible without the support of the following institutions and per-
sons: the National Museum of Antiquities {Leiden}, Peter M.M.G. Akkermans, Marc Verhoeven and Eric
Mulder. The SEM analyses have been made available by Gerrit Hamburg of the Energie Centrum Neder-
land, for which we are most grateful. We thank dr. Rijpkema of the Amsterdam police for his fingerprint
inspection. The drawings have been made by Erick van Driel (Fig. 1), dr. Marrin Sauvage (Fig. 2), and
Olivier Nieuwenhuyse (Figs. 3-6).

2. This is based upon uncalibrated radiccarbon dates. Using calibrated dates (Stuiver and Reimer 1993)
the occupation at Tell Sabi Abyad falls in berween ca. 6100 B.E and 5850 B.I

3. The available sample included 24 Fine Ware sherds from level 6, 15 Fine Ware sherds from level 5,
and 135 Fine Ware sherds from level 4.



44 A van As, L. Jacobs and O.P Niewwenbuyse

4. The sample consisted of 178 Standard Fine Whare sherds, 37 Orange Fine Ware sherds, and 9 Fine
Painted Ware sherds.

5. The lichic tools used in this experiment are blades, scrapers made of flint and obsidian, and 2 flint
scraper known as “tile knife” (Copeland 1996: 294).

6. A sample of Transitional sherds from Tell Sabi Abyad, including 25 Fine Ware sherds, was closely
inspected for the presence of fingerprinting by dr. Rijpkema of the Departmenst of Dactyloscopie of the
Amsterdam police. No single fingerprint could be identified.

7. Turnabie or tournette: a small hand-operated wheel. It was rotated ac slow speeds and did not continue
to rozate under its own momentum.

8. Throughout the Transitional petiod ac Sabi Abyad, the use of a dark paint for Standard Fine Ware
increases, whereas the use of a fight, reddish paint decreases (Le Migre and Nieuwenhuyse 1996: 163).

9. De SEM analyses have been carried out by G. Hamburg in the Erergie Onderzockscentrum in Perten
(the Netherlands).

10. No evidence was found for sequential slab construction,  shaping rechnique thar has been actested
for the Neolithic period in the Zagros region (Vandiver 1987).

1. The other strategy for producing a dark-coloured paint on a light background would consist of using
special pigments, such as manganese-rich iron oxide or bitumen. As a matter of fact, bitumen painting
may have been present at Tefl Sabi Abyad, but not on the Fine Wares (Le Mitre and Nieuwenhuyse 1996
156, 157, Fig. 3.17:1-4). Manganese paint seems exceptionally uncommon in notthern Mesopotamia.
In sourhern Mesopotamia, however, and broadly contemporary with the Transitional period at Tell Sabi
Abyad, the Samarra-relared ‘Ubaid 0 pottery from Tell ‘Ouweili was painted with manganese paint (Huot
1989: 33}, Closer to the Balikh valley, burt from a much Jater date, is a (single) ‘Ubaid-period sherd from
Ras Shamra on. the Syrian coast that was painted with a manganese-rich paint {Courtois and Velde 1984:
90).

12, Acr'Tell Sabi Abyad, large key-hole shaped ovens have been found {Verhoeven and Kranendonk 1996:
81-83. 108-111, Fig, 2.32). Although Verhceven and Kranendonk suggest that these were not used for
pottery production (ibid.: 82), they appear to be remarkably similar to pottery kilns found ar Late Halaf
Tell Ziyada (Buccellati, Buia and Reimer 1991).

3. A geological survey of the available clays surrounding Tell Sabi Abyad and their ceramological char-
acteristics is planned for the 1998 field season.
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A TECHNOLOGICAL CLASSIFICATION OF THE EARLY DYNASTIC
AND OLD AKKADIAN POTTERY OF TELL BEYDAR, SYRIA

At the request of dr. Mare Lebeau, director of the European Cenrtre for Upper Meso-
potamian Studies, the Department of Pottery Technology made a technological classifi-
cation of the Early Dynastic and Old Akkadian portery of Tell Beydar (Syria) during
the 1996-campaign of the Euro-Syrian Archaeological Mission to Tell Beydar. The tech-
nological classification is based on both the reconstruction of the manufacruring tech-
nique and the analysis of the nonplastic inclusions in the clay body used to make the
pottery.

Tell Beydar

Tell Beydar is situated in northeastern Syria, ca. 35 km north of the town of Hassake
and ca. 80 km south of the Syrian-Turkish border (Fig. ). Since 1992 excavations have
been carried out by the Euro-Syrian Archaeological Mission to Tell Beydar under the
direction of Marc Lebeau and Antoine Suleyman. The preliminary results of the exca-
vations have been published in the American Journal of Archaeology, Ugarit Forschungen
and in Subartu.

Tell Beydar is a fortified circular settlement (Kranzhiigel) (Fig. 2). The top of the tell
is 27.5 m higher than the surrounding area. The central tell has a diameter of ca. 200 m.
To the east of the tell runs the Wadi ‘Awasj.

So far, at Tell Beydar Mitanni, Neo-Assyrian and Seleuco-Parthian occuparional
remains have been excavated. The best represented phase of occupation, however, is the
3rd millennium B.C. (Early Dynastic and Old Akkadian periods).

Aims

Our ceramic study aims at a technological classification of the Early Dynastic and Old
Akkadian pottery from Tell Beydar in order to be compared with a morphological clas-
sification in preparation by Marc Lebeau.

A technological classification distinguishes berween the manufacturing techniques
and the composition of the clay body used to make the pottery. The forming technique
includes the primary forming technique, the secondary or finishing technique as well
as the firing technique. Consequently, a technological class is understood to mean a
group of vessels made of the same clay body in a similar primary manufacturing- and
firing technique. On account of the various secondary forming techniques subclasses or
technological variants can be distinguished. Since archaeological pottery is generally

Newsletter of the Department of Pottery Technology (Leiden University) 14/15, 1996/1997: 49-67.
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not a factory product the forms of vessels manufactured in the same way are not iden-
tical. On the contrary, the application of a similar forming technique results in a number
of slightly different shapes. An exception is formed by pottery made in a mould. In a
technological classification the shapes of pottery are therefore variants belonging to a
specific technological (sub)class.

Material and methods

The more than 180 vessels being investigated have been excavated in the buildings and
graves dating from the Early Dynastic and Old Akkadian periods ar Tell Beydar {Lebeau
and Suleiman 1997).

Ag the beginning of our technological investigations the pottery was divided into a
number of categories, mainly based on the form and function of the vessels. The majorirty
of the ceramic repertoire being investigated consisted of bowls (Figs. 3; 4: 1-4; 5: 1-14;
7: 1-7), globular pots (Figs. 4: 5-7; 5: 15-18; 6: 1-4; 7: 8-11; 9), and globular flasks
(Figs. 4: 8-11; 6: 5; 7: 12-13). The remaining vessels included cooking pots, trays
(Fig. 11: 2-3), and storage jars (Fig. 11: 4.). Furthermore, a category of potstands could
be distinguished {(Figs. 10: 1 and 11: 1)'. The so-called “metallic ware” (Kiithne 1976)
or “stone ware” (Fielden 1977 and Qates 1982) was taken in a separate category (Fig. 7:
14-16 and Fig. 8). Finally, a few miscellaneous vessels were lefr (Figs. 10: 2 and 11: 5).
It should be noticed that Broekmans (1997: 58-83) made a morphological classification
of the same collection of pottery according to the classification criteria used by Holthoer
(1977: 50-54).

The techniques were identified on the basis of the marks left behind by the potrer.
Though the earlier traces have often been erased by later operations during the forming
process such as smoothing, the shaping technique could nevertheless be reconstructed.
The firing atmosphere was determined by interpreting the colours of the pottery (inside,
outside, core).

For the study of the quantity, size, shape, and quality of the non-plastic inclusions
in the clay body, small pieces were snapped off 51 vessels (spread over the various
reconstructed forming techniques). The non-plastic inclusions in fresh and polished
breaks from these sherds were analysed using a binocular microscope (20x magnifica-
tion). After refiring the same sherds at 800°C (in an electric kiln; the raised tempera-
ture being maintained for 30 minutes) in the Department of Pottery Technology at
Leiden, the fabric was analysed again (40x magnification).

Not until the evaluation of the technological study the periodization of the pottery
was taken into account: Early Dynastic 1 (2700-2650/2625 B.C.}, Early Dynastic IIIA
(2650/2625-2500 B.C.), Early Dynastic I1IB (2500-2350 B.C.), and Old Akkadian
(2350-2300 B.C.)~

The forming technique

The clear evidence of the throwing spiral and traces of the rib, indicates that the majority
of the pottery was thrown on the potrer’s wheel. Where rather small vessels are concerned,
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we may assume that they were thrown from the cone. In those cases where on the
inside of the globular flasks and meallic ware the throwing spiral was clear, the throwing
direction of the wheel must have been anticlockwise. The globular pots, the globular
flasks, the bowls and metallic ware were cut off the cone. By using a twisted wire, the
vessels could not easily ateach itselfs firmly to the cone again. The marks of the rwisted
wire are only visible on the bowls of which the base was not scraped after drying (Fig. 3).
Therefore, due ro the difference in thickness beeween the base and the wall, some of
the bowls show cracks formed during drying and firing. Since the small diameter of the
base however, z.e. little total shrinkage, the damage generally remained limited.

Like the traces of curtting off, the traces of lifting up the vessels have mostly been
erased by Jater treatments. After a brief period of drying the vessels were usually finished
by scraping the outer surface (Figs. 4-9). Sometimes the inner surface was scraped too
(Figs. 8 and 9). The direction of the traces indicates whether the scraping of the outside
was done by hand (several directions) (Figs. 4, 6 and 9) or upside down on the potter’s
wheel (concentric circles) (Figs. 5 and 7). After scraping, the outside was in some cases
more or less smoothed with the wet hand (Figs. 6; 7 and 9) or burnished (Fig. 8: 3).
The inside of some globular pots shows an uneven surface. This seems to indicate that
after the pot had been given its more or less spherical shape the wall was pressed out
from the inside (Fig. 9). In case of the larger pots this probably happened in a basin-
shaped pit for support. By pressing out, the wall became thinner, the circumference of
the body increased and the pots developed a somewhat asymmetrical form. Next, the
shape of the pots was corrected slightly by scraping and tapping them on the outside.
Finally, the surface was smoothed.

A part of the potstands was thrown on the potter's wheel {Fig. 10: 1). First, a cylinder
was thrown. After a brief period of drying the cylinder with its outwards bending rim
profile was turned upside down and with a liede clay was fastened to the wheethead.
Next, the thick soft base was opened and the potstand was finished on the wheel.
Besides these potstands there were also handmade potstands, sometimes formed wich
use of a turntable (Fig. 11: 1). One potstand was decorated with painted lines.

The trays (Fig. 11: 2, 3} show traces of smearing, pushing, tapping and scraping. We
may assume that the soft clay was first shaped in a depression in the ground or 2 mould
(e.g. a bowl). Then, the trays were build to the desired size by smearing, pushing and
tapping, alternated by phases of drying, Some trays show traces of slow rotation at the
rim. These seem to indicate that a turntable was used.

Within the repertoire occurs a slightly asymmetrical spherical pot made in a very
similar technique to that used for the manufacture of the trays. However, no marks
of rotation were found. First, the clay was kneaded into a massive cylinder. In this
cylinder a hole was pressed with the fist from the top downwards. Then, the wall was
squeezed out, tapped and smeared into a roughly spherical shape. During this treat-
ment the pot probably stood in a depression in the ground. The neck was kepr nar-
row. After a short period of drying the pot was scraped by hand on the inside as on
the outside. Clay was then scraped from the base in order to obtain a convex shape.
The rim and the neck were finished by a back and forward going movement of the

hand.
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Two techniques were used for the manufacture of the cooking pots: handforming
and shaping with help of a turntable®. The latter left behind traces of rotation both on
the inside of the shoulder and on the ousside of the rim. Furthermore, marks of hand-
scraping, tapping and pressing are visible on the inner surface of the body at the bot-
tom. The outer surface was scraped by hand and flattened.

The large storage jars (Fig. 11: 4) were handmade®. First, the clay was flattened in
a depression in the ground into a base. In some cases the base was very thick (ca. 3 em).
Then, the body was built up by adding and fastening together pieces of clay, alter-
nated with phases of drying. The breakage pattern does not indicate that the storage
jars were coiled. No clear marks of rotation were found. Only the rim seems to have
been finished by a turning movement of the hand. The inner surface was scraped by
hand.

Besides the basic categories already mentioned, a few other miscellaneous vessels
were found. Apart from the pinched pots and the pots thrown in coils (Fig. 10: 2), this
pottery was made by techniques similar to some of the techniques previously described.
Remarkable is a vessel made of pre-shaped parts (Fig. 11: 5). The foot consists of a con-
ical thrown cylinder. Now, the rim of this cylinder forms the bottom of the foot. The
body was thrown. Marks of hand-scraping were found on the inside. The outer surface
was flattened slightly. After a phase of drying, both parts were fastened together.
Finally, the protruding licde “saucer” was fastened to the outside.

It is worth mentioning that a number of the vessels show a potter’s mark (Fig. 9:
1-3).

Summarizing, the following shaping techniques could be distinguished (see also

Table 1):

1.  Wheelmade (from the cone).

1.1. Wheelmade {from the cone) withour finishing (Fig. 3).

1.2. Wheelmade {from the cone) and finishing:

1.2.1. outer surface hand-scraped {Fig, 4};

1.2.2. outer surface scraped on the wheel (Fig. 3);

1.2.3. ourter surface hand-scraped and flattened (Fig. 6);

1.2.4. outer surface scraped on the wheel and flattened {Fig. 7);

1.2.5. outer surface scraped and sometimes burnished; inner surface hand-scraped
(Fig. 8);

1.2.6. pressed ourt from: the inside; inner suzface hand-scraped; cuter surface hand-
scraped, rapped and flatcened (Fig. 9).

Wheelmade (Fig. 10: 1).

Wheelmade in coils (Fig. 10: 2).

Handmade (Fig. 11: 3, 4).

Handmade with help of a turntable (Fig. 11: 1, 2.

Combinarion of techniques: pre-shaped parts (Fig. 11: 5).

EANIATE Sl
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Table 1. The number of vessels (different categories) made in the various forming techniques
(see p. 53). The period allocation was made by Marc Lebeau. In this Table no distincrion has been
made between ED IIIA and ED IIIB. Most ED III vessels, however, date from the ED IIB period.
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Fig. 3. Wheelmade (from the cone) without finishing. Bowls.
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Fig. 4. Wheelmade {from the cone); outer surface hand-scraped. Bowls (1-4).
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Fig. 4 {continued). Wheelmade (from the cone); outer surface hand-scraped.
Globular pots (5-7); globular flasks (8-11}.
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Fig. 5. Wheelmade (from the cone); outer surface scraped on the wheel. Bowls (1-6).
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Fig. 5 (continued). Wheelmade (from the cone); outer sutface scraped on the wheel.
Bowls (7-14); globular pors (15-18).
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Fig. 6. Wheelmade (from the cone); outer surface hand-scraped and flattened.
Globular ports (1-4); globular flasks (5}.
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Fig. 7. Wheelmade (from the cone}); outer surface scraped on the wheel and flatened,
Bowls (1-7).
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g
z

Fig. 7 (continued). Wheelmade {from the cone}; outer surface scraped on the wheel and
flarzened. Globular pots (8-11); globular flasks ((12-13}; merallic ware {14-16).

Fig. 8. Wheelmade (from the cone); outer surface scraped and sometimes burnished;
inner surface hand-scraped. Metallic ware.
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3 j)
1 1 1Dcm|
4

Fig. 8 (continued}. Wheelmade {from the cone); outer surface scraped and sometimes
burnished; inner surface hand-scraped. Metallic ware.

1 idem |

Fig. 9. Wheelmade (from the cone); pressed from the inside; inner surface hand-scraped;
ouser surface hand-scraped, tapped and flactened. Globular pots.
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1 10crni

6 7

Fig. 9 (continued). Wheelmade (from the cone); pressed from the inside; inner surface
hand-scraped; outer surface hand-scraped, tapped and flattened. Globular pots.
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s

Fig. 10. Wheelmade potstand (1); vessel: wheelmade in coils (2).

|
[

Fig. 11. Handmade pottery.
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5 Fig. 11 (continued). Handmade pottery,

The firing technique

Aparr from the cooking pots and the metallic ware the colour of the pottery varies from
2.5Y8/3 (pale yellow)} and 10YR7/4 (very pale brown) to 7.5YR7/4 (pink), 7.5YRG/4
(light brown), 7.5Y6/6 (reddish yellow) and 5YR6/4 (light reddish brown)®. This means
that the potrery was kiln-fired in a neutral to oxidizing acmosphere. In some cases traces
of stacking the pottery in the kiln are visible.

The cooking pots are all the same grey/brown colour. Here and there they show
deposits of soot caused by postfiring use. Because of the presence of unchanged calcire
crystals in the clay we can infer that the original firing temperature has not been higher
than ca. 750°C. For the same reason the firing atmosphere must have been more or less
reduced (cf. Rye 1976).

The metallic ware was mostly subjected to a reduction atmosphere at the end of the
firing process. In these cases, the surface is a dark grey/black and the core a red colour.
Sometimes the vessels were completely reduced or completely oxidized. The reduced
ware is harder than the oxidized ware. This can be explained by the effect of FeO acting
as a flux. According to Kiihne and Schneider (1988) and Schneider (1989) the meral-
lic ware was fired at temperatures between 1000 and 1100°C.

The clay body

At firse sight, it was striking that the majority of the vessels showed evidence of having
contained fibrous organic material. It mostly concerns fibrous marerial of small dimen-
sions (till 3 mm). The orientation is mainly parallel to the surface of the pottery. It was
added as dung or chopped straw in order to improve the cohesion of the clay. Some ves-
sels seemed to be made of a finer clay body than most of the others. This is especially
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true for the bowls thrown from the cone, scraped on the wheel, flattened, and provided
with an impressed base (Fig. 7: 5-7). The merallic ware scems to have been made of a
very fine, rather fat clay. The cooking pots were tempered with calcite.

The fabric of the 51 samples can be split up in three groups: (1) the carbonate-
quartz group, (2) the calcareous group, and (3) the group with very little nonplastic
inclusions (see Table 26,

carbo/quarcz calcareous compact total
bowls 6 5 7 18
globular pots 5 4 1 10
globular flasks 2 3 4 9
cooking pots 2 2
trays 1 4 5
wheelmade
potstands 1
merallic ware 1 1 3 S
miscellaneous 1
total i3 21 15 51

Table 2. The fabric of the various categories of pottery. Number of samples.

The carbonate-quartz group is characterized by dominant burnt out fossil carbonate
grains and/or quartz grains. Besides these, variable amounts of grains of iron-oxide silt-
stone occur. Magnetite, siltstone, pyroxene and amphibole were found sporadically.
The shape of the grains is mainly sub-rounded to sub-angular. Sometimes sub-rounded
to sub-angular grains were found in combination with rounded grains. The size of the
grains is generally limited to 250u. The upper limit is sometimes lower (200p or even
150u). Below this limit almost all sizes to the silt fraction were found. The lateer was
left out of the reckoning of the amount of grains. The number of grains mainly varies
from 10 to 20%. Sometimes the quantity is larger (up to 25%). In some cases the
amount of grains is lower, close by the quantity of the group with very litde nonplastic
inclusions (the compact group). No big differences in type, size and shape of the grains
could be observed. The fabric is rather homogeneous, probably caused by the prepa-
ration of the clay. The matrix is for the most part normal. This means that the small
pores are clearly visible. The apparent porosity 15 ca. 20%.

The calcareous group is characterized by dominant grains of lime. A clearly observable
reaction with HCI could be noticed. Furthermore, this group contains grains which
were also found in the the carbonate-quartz group’. Besides the grains of lime the fol-
lowing grains were more or less present: grains of burnt carbonate, quartz, feldspar,
iron-oxide siltstone, iron nodules and small flakes of biotite. Sometimes a single grain
of pyroxene and amphibole could be observed. Once or twice a pootly dissolved lump
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of clay was found. In this group too, the shape of the grains is mainly sub-rounded and
sub-angular. Sometimes the grains were rounded. The upper limit of the size of the
grains approaches 250u. Below this limit almost every size was found. The amount of
the grains varies between 15 and 30%. Sometimes, however, the amount does not
excede 5%. The fabric is homogeneous. The matrix is normal and the apparent poros-
ity is ca. 20%.

The last group is characterized by a compact dense sherd, caused by hardly any
nonplastic inclusions larger than the silt fraction. Sometimes a few burnt out car-
bonare grains and/or quartz grains and/or iron-oxide siltstone grains are still present.
Once or twice not more than 2% of magnetite was found. The size of these grains,
however, is very small (£150y). This observation is important because it indicates that
the clay with very little nonplastic inclusions is basically the same as the clays men-

tioned before. Because of its compact fabric the average apparent porosity is rather low
{ca. 16%).

A technological classification

In Table 3 a technological classification of the Early Dynasric and Old Akkadian ves-
sels of Tell Beydar is presented. This classification is based on the composition of the
clay body and the manufacturing technique (forming and firing)®. A technological class
is a group of vessels made of the same clay body in a similar primary forming and fir-
ing technique.

technological Jforming Sfiring

class clay body techmique atmosphere category

i carbo/quartz, wheelmade neutral bowls,
calcareous, or (from the cone) | oxidizing globular poss
compact globular flasks

2 fine carbo/quartz, | wheelmade reducing metzllic ware
fine calcareous, {from the cone)
or compact

3 carbo/quartz or wheelmade neutral potstands
calcareous oxidizing

4 carbo/quartz or handmade neurral trays
calcareous {rurnrable) oxidizing storage jars

portstands
5 calcareous handmade reducing cooking pots
{(turntable)

Table 3. A technological classification of the Early Dynastic and
Oid Akkadian pottery of Tell Beydar
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Summary and conclusion

Different forming techniques can be distinguished (Table 1). Most of the investigated
Eatly Dynastic and Old Akkadian pottery repertoire from Tell Beydar has been thrown
on the potter’s wheel. The bowls, globular poss, globular flasks and the metallic ware
were thrown of one piece of clay. Where small vessels are concerned, they were thrown
from the cone. Striking are the many variants in the finishing technique. A few vessels
were thrown in parts (coils). The potstands were either thrown on the potter’s wheel or
handmade. The cooking pots, trays, large storage jars and some miscellaneous vessels
were handmade, sometimes with help of a turntable.

Most of the pottery was kiln-fired in a neutral to oxidizing atmosphere. Only the
cooking pots and the metallic ware were fired in a reducing atmosphere.

Three categories of clay bodies (fabric) (Table 2) can be distinguished: (1) a carbonate-
quartz group, (2) a calcareous group, and (3) a group containing hardly any non-plas-
tic inclusions (the compact group). There is a smooth transition between the different
clay bodies. Essentially, there is not much difference. Every clay body was used for the
manufacture of the bowls, globular pots, globular flasks and the metallic ware. The metal-
lic ware seems mainly to be made of the compact clay body containing hardly any non-
plastic inclusions. Two out of five samples of the metallic ware consist of a carbo/quartz
and calcareous clay body. The amount of grains in these cases, however, is close by the
quantity of inclusions in the compact clay body. The majority of the bowls made of a
compact clay body date from the Old Akkadian period. The other Old Akkadian bowls
(see Table 1} were made of a fine carbo/quartz or fine calcareous clay body. The pot-
stands, trays and storage jars were made of a carbo/quartz or calcareous clay body. The
cooking pots were exclusively made of a calcareous clay body.

As far as can be concluded from our technological study of the vessels from ‘Tell Beydar,
no important changes in the development of the potter’s craft seem to occur during the
Early Diynastic and Old Akkadian periods (Table 1).

The technological classification shows that a certain technique can be used for the
manufacture of different ceramic forms. On the other hand, certain forms can be made
in different techniques. The technological classification gives a solid basis for a further
morphological study of the Early Dynastic and Old Akkadian pottery of Tell Beydar.

Notes

1. 'The drawings of the pottery (Figs. 3-11) have been made by Francois Renel and Fabienne Genadr.
2. Absolute dates according to the Middle Chronology.

3. Only two cooking pots were found in the repertoire. A third cooking pot found in Early Dynastic
context was imported from Trans-Caucasia. This cooking pot with a thin basc was made of micaceous clay

by coiling on the trnrable.

4. Since much plaster was used for restauration, it was difficult ro reconstruct the shaping technique of
the large storage jars.
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5. Munsell Soil Color Charts 1992 revised edition.

6. Tom Broekmans (Louvain) has attributed the Early Dynastic/Old Akkadian sherds from Tell Beydar
to our technical caregories. He selected 200 sherds for further fabric analysis (see Broekmans 1997). This
analysis affirms the results of our fabric analysis

7. The vessels belonging to the calcareous group have apparently been fired for a relative short time in an
oxidizing atmosphere not rich in sulphur. The temperature must have been not too high (<800°C). If other-
wise, the lime grains should have been burnt our and converred into calcium oxide or calcium sulphate.
The difference berween the calcareous group and the carbonate-quartz group characrerized by the burnt
out carbonate grains must probably be sought in the different firing conditions .

8. The composition of the clay body of technological classes 3 and 4 are based on the analysis of Broekmans
(1997). The technological variants caused by the various finishing techniques have nor been included in
this classification.
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FURTHER TECHNOLOGICAL RESEARCH ON THE CHALCOLITHIC
POTTERY OF ILIPINAR, PHASE VB

In 1989 and 1990 the Department of Pottery Technology investigated the Neolichic and
Chalcolithic pottery of Ilipinar (phases X-V) in northwestern Anarolia (Fig. 1). Unfortu-
nately, the sherds of phase V' came from an unreliable archaeological context. Meanwhile,
however, pottery of this phase from a more reliable context has been excavated. This has
enabled us to carry out further technological research on the Chalcolithic pottery of

Ilipinar phase V. The following article gives the resairs of this technological ceramic study,
execured in June 1997.

A

SEA OF MARMARA

Istanbul

ilipinar
A . iznik

[«] 30km

Fig. 1. Map showing the location of Ilipinar, Turkey.

Introduction

Although the first publication on the excavations at lipinar hiiyiik in the years 1987-1991
(Roodenberg 1995) focussed on phases X-VI, our technological ceramic study included
poteery of phase V as well (van As and Wijnen 1995). Chronologically, llipinar phase V
follows on phase VI, for which an absolute date is available, viz. ca. 6750-6550 B.P

Newsletter of the Department of Potzery Technolagy (Letden University) 14/15, 1996/1997: 69-84.
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{(Roodenberg 1995: 172}. This gives us a terminus post quem for phase V. The pottery
of phase V came from square §9 (Roodenberg 1995: Fig. 1). However, since this pot-
tery was mainly found in refuse pits, the archacological context must be regarded as
unreliable. During later excavations in 1996-1997, pottery of phase VB, a new denom-
ination for phase V, has been excavated in square M9 (Roodenberg and Gérard 1996).
The floor levels which this pottery mainly came from formed a much more reliable
archaeological context than the one encountered in previous fieldwork. Therefore, the
technological study of this pottery has enabled us to reconsider our earlier observations
of the pottery of this phase’.

Materizl and methods

The pottery from Hipinar phase VB that was studied, included 3100 sherds (1327 rim
fragments, 366 base fragments, 517 fragments of handles, and 890 body sherds) and
four complete vessels found i situ (Fig. 2)%. The sherds also included decorated sherds
(Fig. 7). After a first technological inspection of the entire ceramic repertoire, a sample
of 562 sherds (268 rim fragments, 157 base fragments and 137 fragments of handles}
was taken for a more detailed study. In our opinion, the size of this sample was large
enough to form a solid base for reliable conclusions with respect to the technological
aspects of the pottery of phase VB.

The rim fragments gave us an impression of the various shapes of the vessels repre-
sented in the repertoire. Using various critera, such as colour, texture and size, we were
able to make a further basic general classification of the pottery of phase VB. Starting
from this subdivision, the forming, finishing and decoration technique was reconstructed
on the basis of the marks left by the potters. A sample of 215 sherds out of the total
amount of sherds under investigation (562 sherds), representing all basic categories, was
taken for the study of the firing conditions and the fabric. The firing condicions were
identified by interpreting the colours of the sherds (inside, outside and core) before and
after refiring in an electric kiln (at 800°C in an oxidising atmosphere, the raised tem-
perature being maintained for 30 minutes). For the same reason, the hardness of the sherds
was also measured by using the Mohs scale. The fabric was investigated by analysing
the non-plastic inclusions in fresh and polished breaks of the refired sherds by binocular
microscopy (40 x magnification).

Results

General classification of the ceramic repertoire

The repertoire included four complete vessels (Fig. 2). The rim fragments could be
divided into fragments belonging to open and to closed shapes (Figs. 3-4). On the basis
of various criteria, such as colour, texture, size, and body or rim profile, both the open
and closed shapes could in turn be classified into a number of basic categories.

The open shapes included black dishes with various rim profiles (Fig. 3: 1-9), small
black burnished dishes (Fig. 3: 10), red dishes (Fig. 3: 11-12), fine bowls (Fig. 3: 13),
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bowls with sharply curved body-profiles (Fig. 3: 14}, and miscellaneous open shapes
(Fig. 3: 15-30). The closed shapes mainly included large vessels with handles (Fig. 4: 1-2)
and necks of various sizes (Fig. 4: 3-36).

The majority of the base fragments consisted of fairly flat bases varying in diameter
and thickness {Fig. 5: 1-15). They often show signs of wear underneath. The low ring
base occurs sporadically (Fig. 5: 16-18).

The large storage vessels have big lug handles of which the position on the vessel
is not always clear (Fig. 6: 1-3). Smaller handles of the same kind were atrached to
smaller vessels (Fig. 6: 4-7). Besides these handles, there is evidence of knob handles
(Fig. 6: 8-11), pierced knob handles (Fig. 6: 12), and handles with a bulge (Fig. 6: 13).

The manufacturing technigue

As a marter of fact, complete vessels give fuller evidence of the manufacturing technique
(forming, decorating and firing) than can be obtained on the basis of the study of pot-
tery fragments. Therefore, the complete vessels within the repertoire will be discussed
first.

All vessels were made by using the coiling technique. First, a flat base was formed by
pressing out a slab of clay. Next, coils of clay were added one after the other and
pressed upwards, interrupted by short periods of drying. Since the exterior surface of
the leatherhard vessels was scraped, the marks of attachment of the coils could only be
observed on the inside. By scraping the wall of the vessels was given a regular thickness.
In the case of the vessel illustrated in Fig. 2: 1, scraping also resulted in a slightly oval
and asymmetrical base. After scraping, the exterior surface of the vessels was burnished
either in a horizonral direction (Fig. 2: 1 and 2) or in various directions (Fig. 2: 3).
Even the heavily eroded exterior surface of the vessel with a smoothed inside illustrated
in Fig. 2: 4, shows traces of burnishing. The vessel illustrated in Figs. 2:1 also shows
traces of superficial burnishing on the inside of the rim. This vessel was the only decorated
one. With a pensel dipped in clay slib three vertical lines were drawn on the vessel’s
shoulder. The range of colours (varying from 10YR 3/2 to 10YR 4/1, 7.5 YR 5/4, SYR
5/6 and 2.5YR 4/6, respectively very dark grayish brown, dark gray, brown, yellowish
red, and dark red) visible on the surface of the vessels and Mohs hardness numbers 2
and 3 point to the use of a open kiln fire. Two vessels (Fig. 2: 1 and 2) show signs of
wear underneath the base.

The use of the coiling and finishing technique as described above was confirmed by
the technical characteristics of the sherds being studied, such as marks of attaching the
coils of clay, an irregular surface due to pressing out the clay, and traces of scraping,
smoothing or burnishing the surface. Striking is one flat base fragment with the
impression of a reed-mat underneath. In order to prevent the clay from sticking to the
flar surface on which the clay was pressed out to form the base of the vessel, a reed-
mat was used. After drying, the vessel would be lifted up, and the reed-mat would eas-
ily be removed. Since the reed-mat is flexible, the danger of shrinkage cracks would be
avoided.
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10 om

Fig. 2. Complete vessels.
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Fig. 3. Open shapes: black dishes with various rim profiles (1-9); small black burnished
dishes (10); red dishes (11-12); fine bowls {13); bowls with sharply curved body profiles (14);

miscellaneous open shapes (15-19).
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Fig. 3. (continued). Open shapes: miscellaneous open shapes {20-30).
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Fig. 4. Closed shapes: large vessels with handles (1-2).
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Fig. 4. (continued) Closed shapes: various necks (3-11).
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Fig. 5. Bases: flat bases (1-15); low ring bases (16-18).
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Fig. 6. Handles: Large lug handles (1-4); small lug handle (5).
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Fig. 6. (continued) Small lug handles (6-7); knob handles (8-11);
pierced knob handle (12); handle with a bulge {13).



Further technological research on the Chalcolithic pottery of Hipinar 81

5om

Fig. 7. Decoration.

Most lug handles were rolled. They were fastened by pressing them against the vessel's
body. In general, the attachment was strengthened by adding a piece of clay around the
place of attachment. The dowelled joint as observed in the Early Bronze Age ceramic
repertoire of Hacilartepe (van As, Jacobs and Wijnen 1993/1994: 64) was also found,
although less frequently.

Apart from burnishing, there is evidence of attached and scratched decoration (Fig. 7:
1-5). After these decorations had been applied, the vessels were sometimes burnished as
well. Furthermore, pierced decoration occurs. Finally, it should be mentioned that we
found sherds with a decoration of red and black-coloured zones (Fig. 7: 6). The differ-
ences in colour must be explained by the firing conditions (¢f Franken and Jacobs
1983). In order to prevent oxidation in places intended to black, these zones were cov-
ered before firing with, for example, dung. In this way, the red firing clay, if fired in an
oxidising armosphere, became black. The use of this decoration technique implies that
the potters attended to the regulation of the atmosphere during the firing process.

Colour and hardness give indications about the original firing conditions. The sherds,
like the complete vessels being studied, are often in motted colours and have Mohs
hardness numbers 2 and 3. After refiring them under oxidising conditions at 800°C
for half an hous, they turned completely red {10R-5YR 5-7/6-8). For these reasons, we
may conclude that the vessels to which these sherds belonged were fired in an open
bonfire. On the other hand, there were also sherds in the ceramic repertoire of a uni-
form black or red colour. It took some extra effort to make potrery of such a colour. In
order to produce dishes of a uniform black colour, the potters had to ensure that the
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fire was smothered at the right moment when the poteery was very hot {see also van As,
Jacobs and Wijnen 1993/1994: 70-72). For the production of the dusky red dishes
(Fig. 3: 11-12), the potters must have taken care to create a completely oxidising firing
atmosphere.

The fabric

The fabric analysis included the recording of the colour after refiring and the study of
the non-plastic inclusions, the pores and the matrix. With respect to the non-plastic
inclusions, attention was paid to the type, shape, colour, sorting, size and quantity of
the grains present in the clay. Based on these criteria, the following fabric classes and
subclasses could be distinguished. A comparison of the fabric groups with the various
basic ceramic categories shows that no correlation between them can be established,

Fabric 1 (a; b; s d}

Colour after refiring: red

Non-plastic inclusions

ype:

colour:
sorting:
dominant size:

dominant shapes:

mixed sand incliuding a lot of quartz®

angular to subangular and subrounded

varying, mainly light

moderate/bad

a. fine: x < 1000y,

b. medium: 500. < x < 2000y

c. coarse: £ 500p x < 3000y, some up to 5000u
d. bimodal: x < 500y and 500y < x < 3000y

Non-plastic inclusions

type:

colour:
sorting:
dominant size:
quantity:
Mazrix/pores:

dominant shapes:

quantity: 20% to 35%
Matrix/pores: normal/open
Fabric 2
Colour after refiring: red

crushed calcite added ro mixed sand, quartz included

angular, sharp and subangular to subrounded
varying, mainly light

moderate

x < 20000

15% to 30%

normai
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Fabric 3 {(a, b)
Colour after refiring: red
Non-plastic inclusions
type: mixed sand without quartz
dominant shapes: a. subangular w subrounded; some rounded and some angular
b. rounded te subangular; some angular
colour: varying
sorting: a. moderate
h. moderare/bad
dominant size: a. 50u < x < 50000
b, 500u £ x < 3000u
quantity: 25% w0 35%
Matrix/pores: normal
Conclusion

Further research on the pottery from Hipinar phase V has not led us to change our
opinion on the technological aspects of the pottery of this phase as recorded in our
study of 1995 (van As, Jacobs and Wijnen 1995). The present study of pottery from a
more reliable archaeological context than was available at that time confirms our earlier
conclusions.

Notes

1. The investigations were carried out by the authors berween 2 and 15 June 1997 at the excavation house
of the Ilipinar expedition at Golyaka. The drawings were made by B. Claasz Coockson. Travelling expenses
and subsistenice were financed by the Foundation for History, Archaeology and Art History (SHW) which
is part of the Netherlands Organization for Scientific Research (NWO),

2. In wotal, 16 restorable vessels were found 7z stz in a courtyard. Only the restored vessels stored in the
Archaeological Museum in Iznik have been invesrigaved.

3. Mixed sand included: schists, siltstone, sandstone, feldspar, calcium grains, mica, haematite nodules.
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A, van As
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THE MANUFACTURING TECHNIQUE OF THE VESSELS FROM LATE
BRONZE AGE / EARLY IRON AGE GRAVES AT AKHTAMIR, ARMENIA

As part of a joint project involving the Belgo-Armenian Expedition to Armenia and the
Department of Pottery Technology technological ceramic research has been carried out at
the expedition house at Voskevaz, Armenia (July 13-30, 1996). The vessels being investi-
gated were dared from the Late Bronze Age and Early Iron Age and came from several
graves at Akhtamir. The manufacturing rechnique has been determined on the basis of the
marks left behind by the potter and other related characreristics. In Leiden the reconstructed
forming technique has been simulared and the fabric of the pottery has been analysed by
using the binocular microscopy method®.

The site

Akhtamir is situated not far from Oshakan on the Khasach river, a tributary of the Aras
river (ancient Araxes) within a volcanic area mainly consisting of basalt and tuff (Fig. 1).
The site includes a settlement, an acropolis, and several necropoleis, most of them on
the eastern side of the river (Fig. 2).

In 1973 at the acropolis some test trenches have been excavated by Emma V. Khan-
zadayan (not published). Since 1993 excavations have been carried out by the Joint
Belgo-Armenian Expedition to Armenia under direction of Hermann Gasche and
Hacob Simonyan. Since the area of the settdement has been cultivated nowadays, the
archaeological research is mainly focused on the acropolis and the necropoleis.

A survey carried out at the beginning of the excavations demonstrates that the
acropolis of Akhtamir probably goes back to a period preceding the Early Bronze Age.
The Early Bronze Age, the Late Bronze Age and the Early Iron Age are all well repre-
sented in the survey material. To a lesser degree, this also pertains for the Middle
Bronze Age, the Urartan, Hellenistic and Partho-Roman periods. The Middle Ages
(5th-16th century A.DD.), on the contrary, cover the whole area.

Up till now, fourteen graves dating from the Early Iron Age or the end of the Late
Bronze Age have been excavated (Fig. 3). These tombs contain fragments of skeletons
of men, women and nea-nates, weapons, parts of clothes, jewels and pottery.

The vessels

In total, 27 more or less complete Late Bronze Age / Early Iron Age vessels have been
studied (Figs. 4-6). Most of the vessels came from graves 100, 200, and 300, respectively
belonging to necropoleis N2, N10, and N11 (Fig. 2). For a detailed description of the
necropoleis, the reader is referred 1o Gasche (forthcoming).

Newsletter of the Department of Pottery Technology (Leiden Universiny) 14/15, 199671997 85-102.
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Fig. 1. Map showing the location of
Akhtamir, Armenia. Location of the clay
samples in the direct vicinity of Akh-
. tamir (nos. 1-10} (courtesy H. Gasche).

Fig. 2. Topographical map of the
ancient site of Alchtamir (coureesy

H. Gasche}.
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-~

Fig. 3. A Late Bronze Age/Early Iron Age grave at Akhramir
(photo: H. Gasche).

The forming technique

Since the vessels have been carefully finished on the outside it was not easy to reconstruct
the forming technique. In some cases the pattern of breaking indicates the forming
technique, particularly the coiling technique. The following forming techniques could
be distinguished: pinching; coiling withour the help of a turntable; and coiling with
the help of a turneable.

Pinching
The body of the small vessels was made by using the pinching technique (Fig. 4). Next, a

coil was added and the neck was formed. On one of the vessels a decoration was scratched
(Fig. 4: 1). The surface of both vessels was burnished by hand in 2 vertical direction.

Coiling without the belp of a turntable

The base of the vessels (Fig. 5) was formed by pressing out a slab of clay. In two cases
a mould was probably used (Fig. 5: 4 and 5). The body was built on the base by adding
and pressing out two or three coils of clay interrupted by a short period of drying. The
last coil served to make the rim. Next, the lower part of the pot was scraped, tapped
and flattened. Usually, a scrarched decoration was made on the shoulder, somerimes
complered with finger impressions {(Fig. 5: 6). Thereafter, the vessels were often bur-



88 A. van As and L. Jacobs

nished on the outside and just over the rim on the inside. Consequently, a soft gloss is
visible. In some cases, it could be observed that the pots were burnished in various
directions. Once, the body was vertically burnished and the shoulder horizontally (Fig. 5:
7). It was clear that the vessel shown on Fig. 5: 4 was horizontally burnished on the

1 5cm
1 < 2

Fig. 4. Vessels made by using the pinching technique,

<

Fig. 5. Vessels coiled withour the help of a rurntable.

5
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I

5cm

Fig. 5 {continued). Vessels coiled without the help of a turniable.
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inside. Possibly caused by wear and tear, the vessels shown on Fig. 5: 2 and 9 did not
have traces of burnishing below the base on the outside. Finally, the rim and the upper
part of the shoulder was finished by a turning movement of the hand.

Coiling with the help of a rurntable

The base of the vessels (Fig. 6) was formed by pressing out a slab of clay on the
turntable. Upon this, a coil of clay was fastened and pressed upwards. Next, the body
was coiled until halfway. After a short period of drying during which the body became
hard, the pot was finished by adding and pressing out some coils of clay again. The
rotating capacity of the turntable was used to give the shoulder and rim a symmetrical
form. In most cases, the shoulder was decorated: a scratched decoration (Fig. 6: 1-4),
sometimes completed with fingernail or finger impressions (Fig. 6: 5-6), an impressed
decoration (Fig. 6: 7-9), an incised decoration (Fig. 6: 10-11), or both a scratched and
impressed decoration together (Fig. 6: 12). Next, the pot was taken from the turncable.
By scraping, the body was made thinner and the convex base was shaped. As soon as

5cm

Fig. 6. Vessels coiled with the help of a turntable.
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5cm

Fig. 6 {continued}. Vessels coiled with the help of a turnrable.
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5cm
7

Fig. 6 (continued). Vessels coiled with the help of 2 wrnrable.
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Fig. 6 (continued). Vessels coiled with the help of a
13 turntable.

the clay was leatherhard to bone dry, the surface of most of the pots was burnished on
the outside. Some pots have been burnished to just over the rim on the inside {Fig. 6:
1, 6, 10, 13, 14). The pots shown on Fig. 6: 2, 7, 8, 11, 12 have not been burnished.
Some pots had small handles (Fig. 6: 1, 3, 14).

For the simulation of coiling with the help of a turntable a factory clay (Delfos
3018; chamotte fine) was used mixed with ca. 25% fine river sand. The various succes-
sive steps of the forming process have been illustrated in Fig. 7.
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Fi

. 7:2. The body is built up by coiling.

g
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Fig. 7:3. The coil is fastened by scraping, As a result the wall becomes thinner.

Fig. 7:4. The shoulder is made by further coi]ing. The use of a stick fastened next to the
turntable proves to be useful for controling the symmetry and roundness of the vessel.
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Fig. 7:5. The coil is pinched upwards.

Fig. 7:6. The symmetry is controled.
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Fig. 7:8. The neck is scraped.
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Fig. 7:10. The base is scraped on the ourside.
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Fig. 7:12. The base is burnished with a pebble on the rorating turntable.
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Fabric 1 2 3
Colour yellowish red - yellowish red - yellowish red
reddish yellow reddish brown
Gerains
colour various various black
shape A-SA, SR, R A-SA A-SA
size 50w < x £ 15000 50p £ 1000, 50p £ 1500y
guantity 15-25% 20-25% ca. 20%
sorting moderate/bad moderate/good moderate/good
dominant types rock fragments rock fragments obsidan
basalt basalr basalt
obsidian obsidian
siltstone (several types)
a few/sporadic {a few:) (a few:) {sporadic):
other types feldspar feldspar rock fragments
quartz quartz siltstone
quarrzite siltstone
tuff
mica
Samples AKH 318 AKH 326 AKH 331
AKH 332 1 sherd 1 sherd
6 extra sherds

Table 1. The fabric analysis (after refiring at 750°C in an oxidizing atmosphere) of twelve
samples (five samples of the vessels being investigared and seven samples of a collection of
sherds belonging to the same kind of Late Bronze Age / Early Iron Age potrery.

A= angular; SA= sub-angular; R=rounded; SR- sub-rounded.

The firing technique

The colours of the pottery on the sutface and in the core (black 5YR 2.5/1; dark grey
5YR 4/1; light brown 7.5YR 6/4; brown 7.5YR 5/4; reddish brown 2.5YR 4/4; pink-
ish grey 7.5YR 7/2; light grey 10YR 7/1) indicate that the vessels had been fired in
a reducing atmosphere in a bonfire covered with fuel, ashes and sherds. Refiring tests
show that the original firing temperature did not go beyond 900°C. We may assume
that the vessels were fired at temperatures berween 700° and 900°C. The dark colour
of the vessels caused by much carbon present in the clay body used by the potters
seems to indicate that the original firing temperature did not even exceed ca. 800°C.

The fabric

The fabric of four vessels described above was analysed. Furthermore, eight samples of a
collection of sherds belonging to the same kind of pottery was analysed. After refiring the
test sherds at 750°C in an electric kiln, the following three fabric groups could be distin-
guished (under 10x, 40x, and 50x magnification): (1) mixed coarse/fine grains, (2) mixed
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clay | water absorbing workabili clay water absorbing workabili
sample no. capacity R4 sample no. capacity abiuey
1 19.85% o+t 6 44.56% -
organic mat.
siley
2 23.55% - 7 18.08% +
silty
3 35.16% -f-- 8 29.39% +
siley organic mat.
4 20.48% sample too 9 14.77% -
small sandy
3 17.51% - 10 21.14% -
| - siley silty

Table 2. Water absorbing capacity in optimal plastic condition and workability properries
(+ = good; ++ = very good; - = moderare; ~ = bad). Since clay sample no. 2 proved to
be very brittle after firing, only the underlined numbers printed in bold are suitable
for pottery production.

fine grains, and (3) mainly dark grains (see Table 1). Group 3 is almost mono-mineral.
The other groups consist of several types of grains. The grains < 50u (silt fraction) of the
test sherds consist of mixed sand (composition: see dominant grain types).

The clay samples

Ten clay samples were collecred in the direct vicinity of the site (see Fig. 1). The water
absorbing capacity was measured and the workability was tested (see Table 2). Next, the
linear shrinkage was determined (see Table 3). Finally, the fabric was analysed (after firing
the clay samples at 750°C) and compared with the fabric analysis of the sherds.

The clay samples nos. 1, 2, 5, 7, 8, and 10 (sec Table 2: workability in plastic con-
dition) were suitable for handforming rechniques. The other clay samples (nos. 3, 4, 6,
and 9) were not usable for pot making. The fired test bars made of the clay samples
nos. 2, 3, and 6 proved to be very brittle. Therefore, only the clay samples nos. 1, 5,7,
8, and 10 were suitable for potrery production.

Clay sample no. 8 shows the highest total lincar shrinkage (see Table 3), caused by
the large amount of organic material present in the clay (see Table 2). Clay sample no. 6
contains also a large amount of organic marterial. On the other hand, its silt content is
very high. For this reason, the total linear shrinkage is lower than for clay sample no. 8.
and the workability properties are bad.

Since the total linear shrinkage of the clay samples between 700° and 900°C is
almost nothing (see Table 3), we may conclude that they do not contain components
that start to sinter at these temperatures in an oxidizing atmosphere. For this reason,
there is no point to fire pottery made of these clays much higher than 700°C. The total
lincar shrinkage increases only above 900°C (see Table 3). According to the refiring tests,
however, the vessels from Alkhramir have not been fired above 900°C.
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samcpi?g no. |y 1 700°C | 750°C | 800°C | 850°C | 900°C | 950°C | 1000°C
1 5.5% 7% 7% 7% 7% 7% 8% 8%
2 3.5% 5.5% 5.5% | 5.5% | 5.5% | 5.5% 12% 12%
3 5% 6% 6.5% | 6.5% | 6.5% |6.5% 125% 1 12.5%
4 sampie 100 small for linear shrinkage tests
3 3.5% 4% 4% 4% 4% 4% 6.5% | 6.5%
6 4.5% 7% 7% 7% 7% 7% 11% 11%
z 7.5% 8% 8% 8% 8% 8.5% 12.5% | 12.5%
8 10% 11% 11% 119% 11% | 11.5% 16% 16%
9 2% 2% 2% 2% 2% 2% 25% | 2.5%
10 4.5% 5% 5% 5% 5% 3% 8.5% | 8.3%

Table 3. Total linear shrinkage of the clay samples at various temperarures.
The underlined numbers printed in bold proved to be suitable for pottery production.

The fabric of the clay samples fired at 750°C compared with the refired test sherds
(750°C) show that most of the clay samples {nos. 2, 3. 4, 5, 6, 7, 9, and 10, but especially
nos. 4, 5, and 7) belong to fabric 1 (see Table 1). The remaining clay samples (nos. 1
and 8) belong to fabric 2 (see Table 1). Fabric 3 (see Table 1) is not represented in the
clay samples. Assuming that the clay samples are representative, this might indicate that
the black minerals have been added to the natural clay.

Conclusions

A comparison of the fabric of the vessels with the fabric of the clay samples from the
direct vicinitiy of the site seems to justify that the pottery has locally been made. The
sharp obsidian present in the clay body makes it unlikely that the vessels were thrown
on the potter’s wheel, as it would have badly injured the potter’s hands. The marks on
the pottery indicate that the pottery has been made by hand with use of a turntable.
This way, it was possible to make very symmetrical vessels which looked as if they were
made on 2 potter’s wheel.

Notes

1. The drawings of the potzery in this article (Figs. 4-6) have been made by E. Smekens. The simularion
experiments have been photographed by E.RG. Mulder (Fig. 7).
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SARDINIA (ITALY): FIELDWORK AND THE LABORATORY IN CERAMIC
ETHNOARCHAEOLOGY

Technology, aimed at the reconstruction of the potter’s craft, plays an essential role in the
ethnoarchaeological research into pottery production in Sardinia. One of the aspects of the
investigation is to try to establish the relationships berween raw materials, manufacturing
techniques and function of the products under the simulated conditions of an archacolog-
ical investigation, Ze. without delivering any knowledge of the ethnographic situarion to
the analyst. The approach of the Deparunent of Pottery Technology incegrates technological
analyses of sherds and raw materials, laboratory experiments and ethnoarchaeological research.
This seem to offer good possibilities for the interpretation of the interaction between people
and marterial culwure in the past.

Introduction

One of the objectives of the ceramic ethnoarchaeological research in Sardinia' is to
establish the relationships berween the properties of the raw materials, the manufaceur-
ing technique and the function of the products from a potter’s point of view. To this
end, over the past years several samples of Sardinian pottery and raw materials have
been analysed according o the usual ‘low tech’ methods of the Department of Pottery
Technology of Leiden University™.

The analyses were carried out under the simulated conditions of an archacological
investigation: it was assumed that only a limited number of samples were available,
from which conclusions on the properties of the raw materials, the manufacturing
technique and the function of the products were to be drawn without any knowledge
of the ethnographic situation. Sherds, clays, tempers and glazes were analysed with the
aid of a binocular microscope and rthe same materials were subjected to a number of
experiments (Annis and Jacobs 1986; 1989/1990).

The results of these analyses were considered quite successful. We realized, however,
that withour the availability of the raw materials — in other words, if we had had to rely
on the sherds only —, the resultant picture would have been far less complete and con-
vincing. This underlines the importance of collecting clays in the vicinity of archaeo-
logical sites, a practice which is usual within the Department of Pottery Technology of
Leiden University (see e.g. van As, Jacobs and Wijnen 1995; van As and Jacobs 1995).

Unfortunately, in archaeological investigations, site-related problems or restraints
imposed by time and budget often preclude the possibility of obtaining samples of the raw
materials used in the manufacture of the ancient pottery, whether excavated or collecred
from the surface. This is the reason why more recently, the same questions concerning
the aforementioned relationships between raw marerials, manufacruring rechniques and

Newsletter of the Department of Pottery Technology (Leiden University) 14715, 1996/1997: 103-120.
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function of the products, were posed to only a small number of sherds which was sub-
mitted to thin section analysis by a petrologist. Other research questions concerned
the archaeological evidence, in a limited number of thin sections, of the information
obtained in the echnographic research and the possibility of correctly interpreting the
observed characteristics of the samples.

Research plan

A number of sherds from the three production centres Oristano, Assemini and Pabillonis
(Fig. 1) were selected for analysis®. It was ensured that the range of samples represented
different workshops, clays and tempers mined from different locations, different man-
ufacturing techniques and different vessel funcrions. In total, eight sherds from Oristano,
five from Assemini and three from Pabillonis were analysed.

The thin sections were examined by the geologist Geerten Blessing of the Dutch Stare
Service for Archaeological Investigations (ROB), who systematically described the fabrics,
divided the samples into groups and provided some general comments®. As in the previous
investigations, the ethnographic information was not conveyed 1o the geologist, who hence
only knew that the samples came from different locations within the Campidano, the
largest plain of Sardinia which also contains the most extensive clay beds (Fig. 1).

Thin-section analysis

The determination of the minerals conrained in the samples showed that the com-
positions of the various fabrics did not differ much as far as the types of inclusions
were concerned. Quartz, feldspar and mica consticuted the bulk of the inclusions. The
most common non-plastics were quartz grains, mainly monocrystalline with undulose
extinction, but occasionally also polycrystailine, angular/sub-angular in shape, with a
low sphericity. Alkalifeldspars, mostly orthoclase and incidentally of a microcline vari-
ety, were also found, along with some small crystals of an andesitic plagioclase. All the
sherds contained mica flakes — of the varieties muscovite, biotite and chlorite — bur in
different frequencies and sizes.

Epidote, zoisite, zircon and some opaque grains were observed in far lower frequencies.
Fragments of rock — mostly phyllite — and iron oxide concretions were encountered
sporadically.

Having established that the mineral composition of all the samples was more or less
the same in qualirative terms, we shifted our attention to the quantitative aspects of
the fabrics, in search of distinctive features. The quantitative aspects considered were
the percentages of the grains and their sizes and shapes (Folk 1974); the sorting of the
grains and the grain size distribution (Pettijohn, Potter and Siever 1973; Middleron,
Freestone and Leese 1985); the percentages of pores; the frequency of the mica flakes.
Quantitative differences that were considered distinctive were only observed in:

a) the percentages of the grains;
b) the grain size distribution;

¢} the frequency of mica Hakes.
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The refractivity of the clay matrix was also considered a potentially distincrive prop-
erty. Under crossed nicols some of the matrices of the examined samples were found
to be anisotropic (Ze. mainly birefringent), cryptocrystalline or microcrystalline, while
others were isotropic (Z.e. having the same optical properties in all directions), possibly
as a result of the firing conditions, but also of the composition of the clay (Rice 1987:
378-79 and 431). On the basis of the aforementioned differences the samples were
divided into three groups. A survey of this classification is shown in Table 1. Sample N1
could not be classified. It differed from all the other samples on account of the extreme
fineness of its (isotropic) matrix and the virtual absence of inclusions.

Division into groups

Group 1
Most of the sherds of Group 1 contained high concentrations of both sand grains
(>10%) and mica flakes. Sample I1 contained a lower percentage of grains, but it was
included in this group because of its high mica content and isotropic matrix. The fabric
of I3 also differed with respect to the frequency of mica flakes, but it contained a large
amount of grains and its matrix was isotropic. S1 and S2 were particularly homogeneous
and their inclusions were particularly well sorted, whereas M1 was less homogeneous
and its inclusions were poorly sorted. The grain size distribution was mainly unimodal
and possibly bimodal in the case of M1 and I3.

All the samples had homogeneous matrices. Those of 11, 13 and M1 were isotropic,
those of S1 and S2 cryprocrystalline and that of 12 microcrystalline.

Group 2
The sherds of Group 2 contained moderate amounts of sand grains (5-10%} and high
concentrations of mica. C1 and 14 were found to be very similar. D2 and D3 contained
smaller amounts of mica flakes and D3 showed a lower frequency of grains.

All the samples had homogeneous matrices; some were cryprocrystalline (D2 and
D3}, others microcrystalline (C1 and I4).

Group 3

The samples of this group were characterized by a moderate frequency of sand grains
(5-10%), small amounts of mica and a homogeneous, cryprocrystalline matrix. EU1
and D1 were found to be almost identical. They contained large, elongated pores,
probably caused by shrinkage. Their grain size distribution was possibly bimodal. Pb3,
Pb4 and Pb 10 also resembled one another and contained large grains of orthoclase and
polycrystalline quartz and some fragments of phyliite.

Comments

The combined presence of such minerals as epidote and zoisite together with phyllite
is indicative of disintegration of a pelitic rock in a rather low-grade meramorphism
(phyllites and greenschists). Minerals such as quartz, orthoclase and mica are very common
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Grains Matri
. atrix
Group | Sample % grain size Mica optical properties
distribution
1 I 5-10 unimodal + isotropic
i2 >10 unimodal +F microcrystalline
S1 >10 unimodal ++ cryprocrystalline
S2 >10 unimodal + cryprocrysalline
M1 >10 possibly bimodal + isotropic
<I3> 1 >10 possibly bimodal - isotropic & vitreous
2 C1 5-10 possibly bimodal o micrecrystalline
14 5-10 possibly bimodal + crypro- & microcrystalline
D2 5-10 unimodal -+ cryprocrystalline
D3 <5 unimodal —+ cryprocrystalline
3 EU & 5-10 possibly bimodal - cryprocrystalline
D1 3-10 possibly bimodal - eryprocrystailine
PB 3 5-10 bimodal - cryprocrystalline
PB 4 5-10 bimodal - cryptocrystalline
PB 10 5-10 bimodal - cryptocrystalline
Legends : ++ = very abundanc —~+ = moderate
+ = abundant - = sparse

Table 1. Classification of the thin-sectioned samples according o the percentage of sand grains;
grain-size distribution; frequency of mica flakes and refractivity of the clay matrix.

in this kind of lithologies. Andesitic plagioclase, however, is rarely encountered in low-
grade metamorphic rocks; it is more commonly found in higher-grade metamorphic
rocks or as an intrusive or extrusive component of igneous rocks. The dominant types
of minerals identified in the samples {quartz, orthoclase and mica) are however also
typical components of granitic rocks. This is in accordance with the lithology of the
Sardinian Campidano. To the northeast and southwest, the southern part of the Campi-
dano is bordered by greenschist facies containing small outcrops of granitic intrusive
rocks and basalt. Consequently, its sediments are unlikely to contain a wide variety of
minerals (Exel 1986).

Ethnographic context and previous research
Oristano

Until the beginning of the 1950s the master potters of Oristano were full-time special-
ists associared in the Societd della Santissima Trinith (Association of the Holy Trinity),
which had replaced the former Medieval guild that had been abolished in 1864. This
‘urban workshop industry’ (Peacock 1982: 38-43) was characterized by uniformity in
both output and technology. Oristano’s ordinary production consisted mainly of sets of
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water vessels, for which the town was renowned. They accounted for approximately
60% of the total output; the rest consisted of pots intended for other uses, in particular
the preparation and storage of food (Figs. 2 and 3). These artefacts were partially glazed
and were fired once. In 1953 the Societd was abolished and the mode of production of
the potters who remained active became more and more that of ‘individual workshop’
(Peacock 1982: 31): in the changed social and economic situation each craftsman had
to find his own technical and economic solutions. So, whereas in the old situation all
the members of the organization had mined their clay from the quarries that were
owned by the Societi and were exploited on a communal basis, in the 1970s and 1980s
no more than two potters still mined their clay from the traditional clay-beds. The others
preferred to be supplied by firms digging pits for the building industry.

As regards the preparation, the clay was accurately purified, especially of limestone,
and was then mixed with water and kneaded by foor or with the aid of a machine,
whichever the workshop owner preferred. Three different types of ‘earth’ were distin-
guished and blended at Oristano: a basic dlay, from the centre of the sediment, a fat one
from above it and a sandy one from below. The quality of the basic clay determined
how much fat or sandy clay had to be added in order to obtain the most suitable blends
for artefacts with different funcdons. If the basic clay was ‘good enough’ it could be
used without further additions.

The experiments carried ouc at the Department of Pottery Technology (Annis and
Jacobs 1986) showed that the basic clay, reaching its point of water saturation too
quickly, tends to lose its cohesion and is also rather short. These properties make this
substance far from ideal for throwing on the wheel. The difficulties can be alleviated
to a certain extent by adding fat clay, but there are limits to the amount of fat clay
that can be added because of its high degree of shrinkage during drying and firing. This
has consequences for the forming technique and the size and shape of the pots. The
clay has to be lifted very rapidly and the pots have to be shaped by pressing the clay
between the knuckles and pushing it up rather than pulling it.

Consequently, Oristano’s repertory lacks particularly large vessels and the water jar,
the town’s product par excellence, is rather squat, with a gradual and restricted widen-
ing of the belly and a short neck. The handles, on the contrary, which were thrown
because they could not be pulled, are widely curved (Fig. 2A). The addition of fat
clay to the basic clay also leads to a less porous product, which is of particular impor-
tance in the case of water vessels. The funciion of warer vessels is twofold: cooling of
the water through the permeability of the fabric and purification through a nacural
process of ion exchange between the water and the bare pot wall {Annis 1984; 1985b).
However, the fabric must not be so permeable as to allow the water to leak through the
wall.

A different blend is required for basins — wide vessels with thick walls chat are used
for different purposes (Fig. 3). These vessels have to be strong, which necessitates the
use of a clay-body with a sufficiently high content of clay minerals, but at the same
time the wall thickness and the considerable width pose problems of shrinkage during
drying and firing (Jacobs 1983; Rice 1987: 226-228). These somewhat conflicting
requirements were met by adding a small amount of sandy clay to the fairly fat basic
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Fig. 2. Oristano, water vessels:
A. water jar, height 33.8 cm, max. diam. 24.3 cm;
B. water flask, height 23.0 ¢m, max, diam. 19.3 cm.

Fig. 3. Oristano, basins, max. diam. 37 cm, 53 cm, 36 cm.
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clay. The porosity of the vessels did not constitute any problems as the insides of the
basins were completely glazed (Fig. 3).

The thin-sectioned sherds of Oristano came from four different workshops: I{ncani),
S(anna), M(anca) and C(arta). The clay of sample M1 only had been mined from the
original quarries; that of the other samples had been obtained from different locations
in the vicinity of the town. S1 and S2 had been kneaded mechanically, all the others by
foot. Samples M1, 11, I2, S1 and S2 were blends intended for water vessels, both jars
(M1, 11, S1) and flasks; C1 and 14 were blends for basins. 13 was a special mixture for
a completely glazed pot of the category of the “festive ware’ that was produced on spe-
cial occasions. It had been fired twice.

Assemini

Of the three centres under consideration Assemini is the only one whose pottery pro-
duction can still be defined a “village industry’. In this prosperous village situated near
the capital Cagliari each workshop is independent and the potters own their own
means of production, including clay beds. Being the only centre of production to have
embraced technological innovation since the early 1930s, Assemini was able to continue
pottery-making in the changed Sardinian context and is now a kind of pilot centre for
ceramic industry on the istand (Annis 1985b; 1996).

The potters of Assemini manufacture two different types of pottery: the traditional
terracotta and table ware and ornamental ware. The latter categories can be produced
thanks to the nature of the local clays, which can be successfully coated with a tin glaze,
whereas the clays of Oristano and Pabillonis repel tin glazes during firing, The formal
and functional repertory of the terracotta artefacts of Assemini is the same as that of
Oristano: water vessels and pots intended for other domestic uses, which are partially
glazed and fired once (Figs. 4 and 5).

The potters of Assemini use two different types of clay, notably a yellow and a
red clay, which are obtained from different locations. The yellow clay, which is both
ferruginous and calcareous, contains small amounts of inclusions and is well workable
on the wheel. This property enables skilled craftsmen to throw very large vessels which
are also of a considerable strength after firing. Indeed, the vessels produced at Assemini,
in particular the water jars, are much larger than those of Oristano; they are slender
(Fig. 4) and generally have a longer life. The largest capacity attainable at Oristano is
about 18 |, whereas at Assemini it is 25 1 or more. On the other hand, due to the clay’s
plasticity, not every craftsman is capable of throwing large vessels on the wheel: some
simply lack the specific physical characteristics required. The physical aspects, which
can be determinative in the wheel-throwing technique, were highlighted by Valentine
Roux and Danitla Corbetta in their research in India {1989). The yellow clay moreover
requires slow and careful drying and firing, That is the reason why only a few staunch
adherents of the old tradition still use this clay by itself. The red day is a ferruginous,
very silty material that contains a larger amount of inclusions than the yellow clay.
Due to the higher frequency of non-plastic inclusions this substance is less stiff and has
a lower drying and firing shrinkage. Most potters mix the two clays (mostly 1/4 red,
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Fig. 4. Assemini, water jar, height 43.0 cm, max. diam.
29.4 cm.

Fig. 5. Assemini, basin, max. diam. 44.4 cm.
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3/4 vellow) to obtain a blend that is easier workable on the wheel and less demanding
with respect to drying and firing.

The thin-sectioned sherds of Assemini were obtained from three differens workshops:
D(eidda), E. Ufsai) and N{ioi). D2 and D3 were of a water jug and a basin, respec-
tively, both of which had been produced from the yellow clay; EU 1 and D1 were
sherds of a colander and a flower pot, respectively, both of which had been produced
from a blend of yellow and red clays. The clays had all been mechanically prepared.
The clay of N1 was of the same blend, but had been thoroughly purified to make it
suitable for the production of glazed table ware; it had been biscuit fired.

Pabillonis

Pabillonis is a small, essentially cereal-growing community whose pottery-production
activities came to an end in 1973. The ceramic production of this centre was a part-
time ‘rural workshop industry’, as the workshop owners were also small farmers or day
labourers.

The pottery consisted exclusively of cooking ware (Fig. 6}, which was distributed all
over Sardinia, where the village was better known as ‘the pan village’ than by its proper
name. The cooking pots of Pabillonis were primarily renowned for their resistance
to thermal shocks, but also for their light weighe and practical shape. According to the
producers and the distributors it was essendally the peculiar properties of the specific
combination of clay and temper used that made the products of this village so unique.

The ‘earth to be soaked’, ‘e the clay, was dug from an uncultivated area between
two rivers to the south of the village. Grear attention was paid to its mining and selec-
tion: whenever a lump of clay was found to contain limestone or too much sand, the
entire lump was immediately discarded. The ‘earth to be crushed’, ie. the temper, was
dug from the lowest strata of the banks of one of the two rivers in the middle of the
summer, when the water level was lowest.

One of the aims of the analyses and experiments to which the sherds, clays and tem-
pers from the different workshops were subjected (Annis and Jacobs 1989/1990) was to
find out whether the materials used at Pabillonis indeed possessed the ‘special’ qualities
ateributed to them. In other words, we wondered whether we were dealing with a case
of ‘resource specialization’ (Rice 1987: 191; 1989). If this proved to be the case, it would
mean that some factor connected with the physical environment was largely responsible
for the village’s monopoly position in Sardinia as a production centre of cooking pots.

The highly ferruginous clay was found to contain a fairly high frequency of non-
plastic inclusions, mainly angular grains of quartz and feldspar ranging in size from silt
fraction to 2 mm, with the odd larger inclusion (of 4-5 mm). Small amounts of mica
flakes were also encountered. The temper proved to have the same composition as the
clay, but the proportions of the individual constituents differed: a small quantity of a
clayey substance, a large amount of mica and more or less the same frequency of quartz
and feldspar grains (of the same shapes and sizes) as the clay. The clay and the temper
were both ground, cleaned and sieved by hand, which was a pardcularly heavy, time-
consuming and unhealthy task. The pots were thrown upside down, which resulted in
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Fig. 6. Pabillonis, cooking ware:

A. cooking pot, height 12.1 cm, max.
diam. 13.4 cm;

B. casserole, height 6.6 cm, max. diam.
14.7 cm.

a thin, well controlled wall thickness. This implied 2 faster and more equal distribution
of heat and, consequently, a smaller risk of the pot cracking. Also advantageous in this
respect was the smooth shape of the pot, withour angles or sharp bends, which mini-
mized the strains caused by heating (Kingery 1955).

The clay used at Pabillonis was a highly thixotropic material: when soaked in water and
left to rest, it formed a thick slurry in which the coarse inclusions remained suspended
instead of being deposited (Grimshaw 1980: 473-475; Hamer 1983: 295; Bronitsky
1986). This made it necessary to knead the clay thoroughly on the bench so as to remove
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as many coarsc grains as possible. Grains of 1 mm and larger are not desirable in the
wheel production of thin-walled pottery of the kind that was made at Pabillonis. More-
over, inclusions of such dimensions can cause problems during firing, particularly
if their thermal expansion coefficient is substantially higher than that of the clay (Rye
1976; Jacobs 1983). The pots were glazed on the interior to ensure effective heating
{Schiffer 1990) and were fired twice.

All the potters agreed that it was absolutely essential to add the ‘golden and silvery’
temper to the clay in order to obtain the excellent resistance to thermal shock for which
their products were so renowned. In Quinua (Peru) Dean Arnold was faced with an
almost identical situation: the potters who manufactured cooking ware looked for a
clay with ‘golden particles’, which were considered essential for obtaining resistance to
thermal shock (Arnold 1993: 73-80). The Sardinian potters specified a clay/temper
ratio of 50 : 10 kg. In our experiments the basic clay of Pabilionis was found to have
considerable resistance to tensile stress, which implies a good initial strength. However,
in order to ensure that the pots would be able to withstand both sudden changes in
temperature and repeated cycles of heating and cooling (thermal stress), the porosity of
the fabric had to be increased by adding fine temper to the clay. Several studies have
shown that temper and porosity are key factors in microcracking (Rye 1976; Grimshaw
1980: 934-943; Braun 1983; Steponaitis 1984; Bronitsky 1986; Schuring 1989: 158-
207). The plasticity of the clays of Pabillonis was good, but not excellent. For chat
reason it was not possible to use a temper consisting exclusively of quartz: quartz sand
would have reduced the cohesion of the clay too much. On account of their platy
shape, flakes of muscovite, on the contrary, have a positive effect on the cohesion of the
blend and improve its workability. Muscovite is moreover elastic and has a damping
effect, which are favourable properties with respect to resistance to thermal shock and
impacr resistance in general (Wallace 1989; Arnold 1993: 73-74). The ratio of clay and
temper specified by the potters of Pabillonis proved to be correct: a greater amount of
temper would not have increased the product’s resistance and would instead have made
it weaker and more susceptible to thermal fatigue (Rice 1987: 407). To return to the
term ‘resource specialization’, the raw materials of Pabillonis do not possess peculiar
mineralogical properties; their mineral content is very common and does not differ
from that of the clays of Oristano and Assemini. It would seem that the village's spe-
cialization was not primarily the result of the unique properties of the raw materials used,
but rather the consequence of social, economic and historical factors, as is explained in
the conclusions below.

The results of the thin-section analysis reconsidered

The classification of the samples into three groups on the basis of differences in the fre-
quency of sand grains and mica flakes (Table 1) — according to the geologist the ewo most
relevant distinguishing features — is only partly in accordance with the actual origins of
the sherds. Of course it should be added that the analyst, having at his disposal only a
limited number of thin sections and no information whatsoever on the ceramic marerial
from which they were obtained, faced a difficult task, though one that is not uncommon
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in archaeological research. A few years ago I myself was faced with the task of having
to infer indications of the area of production, the employed manufacturing rechniques
and the products’ functions from a small number of thin sections of sherds from dif-
ferent excavations in Rome that were found to have qualitatively comparable mineral
contents. In that investigation the composition of the clay matrix and its characteris-
tics, complemented by the grain size distributions of the individual samples, proved to
be more informative than the frequencies of the different types of inclusions (Annis
1992).

Similarly, in the present research, the results of the thin-section analysis indicated
that ic was also possible to classify the samples on the basis of certain characreristics of
the matrices, in particular their fineness and mineral contents (Table 2).

A first group was characterized by a fine-grained’ matrix that contained remarkably
high concentrations of mica, in particular chlorite, bur also biotite, and minute grains
of quartz and feldspar. The provenance of these sherds was Oristano.

A second group was characrerized by a ‘very fine-grained’ matrix thar conrained only
a very small amount of mica, in particular muscovite. These sherds came from Assemini.

A third group was characterized by a fine-grained’ marrix that contained moderate
amounts of feldspar, quartz and chlorite. These sherds came from Pabillonis.

It hence proved possible to attribute the samples to their respective places of origin
by classifying them on the basis of their matrices (Table 2). This is not surprising, as it
is in particular from the clay martrix that information on the original sediments may be
expected.

As regards the other features: the sherds from Oristano were characterized by a rela-
tively low percentage of pores. They were found to contain a high percentage of non-
plastic inclusions, both sand grains and mica flakes. Along with the other minute inclu-
sions observed in the matrix, these non-plastic inclusions are indicative of a lean clay.
No clear indications of the differences in the quarries and the employed preparation
methods were observable in the fabrics, though it should be noted that in three of the
four cases in which the grain size distribution was described as ‘possibly bimodal’ sandy
clay had been added to a fat basic clay with a view to the vessel’s funcdon (C1, 14, I3).

The sherds from Assemini contained smaller amounts of inclusions than the sherds
from Oristano. The percentage of pores was higher: mainly about 5%. The very fine-
grained matrix without grains and the elongated shrinkage pores may indicate a plastic
substance. The grain size distribution of samples D1 and EU1, which had been pro-
duced from a blend of two clays with different compositions, was described as ‘possibly
bimodal’. Sherd N1 differed from the others in many respects and could not be classi-
fied. This is in accordance with the different manufacturing technique and function of
the vessel. As for its optical properties: the perfectly oxidized condition of this sherd
suggested that the firing remperature was the cause of its isotropy.

The sherds from Pabillonis contained the highest percentages of pores (5-10%),
which is in accordance with the function of these cooking pots. Some of the pores were
found to be remarkably large, but they may have been formed at the time of thin-
sectioning, as a result of the detachment of large inclusions from the matrix. The ‘defi-
nirely bimodal” grain size distribution of these sherds was due not only to the addition
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Matrix Grains
Sample - Pores p— Mica Provenance
fineness | composition pgggties % % size diﬁt&::sn & Function
ORISTANO
il fine feldspar, quartz | isotropic 2 5-10 | 0.06-0.30 | unimodal + water jar
chlorite +
i2 fine feidspar, quartz | microcrystalline | 2-5 | »10 | 0.10-0.60 | unimodal P water flask
chlorite +
$1 fine feldspar, quarez | cryprocrystaliine | <2 | >10 | 0.15-0.60 | unimodal ++ water jar
chlorite ++
biorite ++
Sz fine feldspar, quarez | cryptocrystalline | 2-5 | »10 | 0.10-G.30 | unimodal + water flask
mica —+
M1 |fine feldspar, quarz | isotropic <2 110 | 0.15-0.40 | poss.bimodal | + water jar
chlorite +
I3 feldspar, quartz | isotropic & <2 |>10 | 0.15-0.60 { poss.bimodal | - festive ware
vitreous
Ct fine feldspar, quartz | microcrystalline | 2 5101 0.15-2.00 | possbimodal | ++ basin
chlorite ++
biotite ++
14 fine feldspar, quartz | crypro- & <2 | 5-10} 0.10-0.80 | poss.bimodal | + basin
chlorite + microcrystalline
ASSEMINI
D2 | very fine | muscovite — cryprocrysealling | 2-5 | 5-10 | 0.05-0.30 | unimodal -+ water jar
D3 | very fine | muscovite — cryptocrystalline | 5 <5 0.05-0.60 | unimodal -+ basin
EU 1 | very fine | muscovite — cryprocrysalline | 5 $5-16 | 0.10-0.70 | poss.bimodal | ~ colander
D1 | very fine | muscovite — cryprocrystalline | 5-10 | 5-1¢ | 0.15-0.30 | poss.bimodal | — flawespot
<N 1> | very fine isotropic <2 | <2 | 0.03-0.20 | unimodal - biscuit-fired
table ware
PABILLONIS
PB3 |fine feldspar, quartz | cryprocrystalline | 5-10 | 5-10 | 0.20-1.00 | bimodal — | cooking pot
chiorite
PB4 | fine feldspar, quartz | crypeocrystalline | § 5-10 | 0.20-1.00 | bimodal ~ | cooking pot
chlorite
PB 10 | fine feldspar, quartz | cryprocrystalline | 5-10 | 5-10 | 0.30-1.50 | bimodal ~ | cooking pot
chiorite
Legends : ++ = very abundant ~+ = modetate
+ = abundant ~ = sparse

Table 2. Classification of the thin-sectioned samples according to fineness and mineral composition of
the clay matrix.

of temper, but also to the (thixouopic) nature of the clay. As already mentioned, the high
thixotropy of the clay also explains the presence of very coarse grains (up to 1.50 mm),
which are not desirable in throwing and firing. What was surprising was the relatively
low frequency of micas in the sherds from Pabillonis, where the addition of highly
micaceous temper was of such fundamental importance in view of the manufacturing
technique employed and the function of the products. A possible explanation for this
observation is a change in the optical properties of mica during firing (Williams 1983: 305),
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Some concluding remarks

To conclude, 1 would like to make a few points on the relevance of this kind of eth-
noarchacological investigations to archaeology.

A first consideration concerns the resules of the thin-section analysis. The remarkably
high degree of homogeneity of the mineral compesitions of the various samples is in
accordance with the lithology of the region of their provenance: the Campidano, where
clayey quaternary alluvial soils predominate (Pecorini 1971: 9-11). Further infor-
marion obtained from the analysis of the clay matrix complemented by the grain size
distribution has also shed some light on certain differences berween the raw marerials
of the three production centres, the manufacturing techniques and the functions of the
products.

With due allowance for the limitations imposed with respect to the number of samples
and the employed research means, which were among the least sophisticated of those
currently available for ceramic analysis, the results do not seem discouraging. However,
when compared with the ethnographic information and with the information obrained
in the analyses of the artefacts and, in particular, the clays and tempers, their narrow
scope and — often — ambiguity become apparent.

A second point I would like to make is that the properties of the clays and the man-
ufacturing techniques in relation to the function of the vessels, do not seem to be
determined by environmental factors only. Recent archives research on the period of
Spanish domination in Sardinia (14th-17th century) has shown that the ceramic pro-
duction of the island was organized according to Spanish models (Marini and Ferru
1993: 61-139). Today too, formal, technical and organizational characreristics of the
eradicional Sardinian production bear close resemblances to those of certain productions
investigated by Riidiger Vossen in Spain in terms of shapes, technology and equipment,
systems of production in series and units of sale (see e, g Vossen, Sesefa, Kopke 1981,
Vossen 1984: 341-364). Although archacological evidence is still lacking, it is possible
that the Spanish workers who came to the island opportunely selected the raw materials
and that the organization of the production and the ‘specialization” of some centres in
the manufacture of specific products was the consequence of administrative measures.
The introduction of pottery-making technologies by colonists into conquered territo-
ries has been attested on several occasions. Well-known examples concern, for instance,
the Phoenician, Punic and Greek colonisation of the Mediterranean, the Roman con-
quest and the Spanish domination of the New World. An interesting case in point has
been recently discovered by Prudence Rice during her archaeological investigation in
the Moquegua valley in Peru (Rice 1994). This is to say that possible historical factors
such as selection of the raw materials, regulation of the production and legislation
should be taken into consideration in the interpretation of the material phenomena.

This once again stresses the imporrance of the integration of archaeometrical tech-
niques with other means of studying the archaeological materials (see e.g. Henderson
1989: xvii; Franken 1995: 96; Tiee 1995: 171-172). In the archaeological project
which is called ‘Riu Mannu Survey’ and is carried out in the same Sardinian region
where the ethnoarchacological investigation has taken place the knowledge of the study
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area and of its raw materials built up through my ethnoarchacological research, is prov-
ing excremely useful in the analysis of the ancient pottery collected, which constitutes
75% of the finds (Annis, van Dommelen and van de Velde 1995; Annis in press).

To sum up, the approach of our Department which integrates technological analyses
of sherds and raw materials, laboratory experiments and ethnoarchaeological research
seems to offer good possibilities for the interpretation of the interaction between people
and material culture in the past.

Notes

1. The ethnoarchaeological research into pottery production in Sardinia which has been carried our since
1975 is a regional, in-depth study covering the span of two generations {1920-1990). This study concen-
trates on the economics of pottery making aiming at more plausible interpretations of the phenomena
observable in ancient potrery, particularly in times of radical transformartions. Annual reports on the inves-
tigation have been published in: Newsletter of the Department of Pottery Technology (Leiden University) from
Vol. 1 (1983), to Vol. 7/8 (1989/1990). See also Annis (1985a; 1995; 1996).

2. Tor an overview of the merhods see van As (1991/1992).
3. Fig. 1 has been drawn by P Deunhouwer. The photos (Figs. 2-6) have been taken by J. Pauptit.

4. The thin sections have been made by E.RG. Mulder.
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