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Preface

This book is about concepts and issues in the study of pottery. It addresses
many aspects of the topic—the nature and properties of the resources of pot-
tery making; the history of pottery; its modern manufacture, use, trade, and
discard; and the different perspectives from which it is analyzed. Above all,
the book deals with pottery as a source of insights into people and cultures,
and it is directed toward those with such interests: primarily to social scientists
such as anthropologists, archaeologists, and ethnoarchaeologists, but also to
the physical and materials scientists—ceramic engineers, chemists, physi-
cists, and geologists-—whose expertise is increasingly being engaged in tech-
nical analyses of pottery.

The title was chosen to emphasize the properties and methods of study of
pottery—that is, relatively low-fired containers made of clay, which have con-
stituted the barrerie de cuisine of millions of households worldwide through-
out the past eight thousand years. The much wider ranges of high-fired, glazed
ceramic products—including art objects, tableware, structural clay products,
plumbing fixtures, and so forth—is intentionally though regretfully slighted.
Tllustrative material has been selected in light of this emphasis, and examples
drawn from historical or modern glazed, high-fired ceramic traditions are
relatively infrequent. ‘

This book addresses several objectives. First, it was prepared as a “source-
book” —it is intended as a relatively broad reference work, but on some levels
it must also act as an introduction to the subject. I have thus endeavored to
identify and define concepts and terms used in different scientific approaches
to pottery analysis, since I believe communication among their practitioners
will be promoted by a shared understanding of what such terms mean and how
they have come to be used in particular ways.

Second, pottery analysis is undeniably a growing concern. Many national
and international symposia are being convened to address various aspects of

Xxi




PREFACE

tlfe topic., and an increasing number of collections of rescarch papers or re-
view articles on pottery analysis are being published. It is more and more
difficult to keep up with this expanding literature, and as the field is changing
new questions and methods are continually coming to the fore. In conse-
quence, some synthesis—however preliminary—is needed. Much of the cur-
rf:nt research into past and present pottery traditions addresses complex rela-
tions ?etween technical and cultural phenomena—for example, between paste
chem}cal composition and clay resource selection, between vessel shape and
f}mct.mns, and between decorative style and social organization, not to men-
tion investigation of the factors governing assemblage size, determination of
original firing temperature, and so forth. Hence this book also attempts to
weave the many approaches to pottery—field and laboratory, atchaeological
and ethnographic, technical and cultural, empirical and theoretical—into a
single fabric.

Third, and related to the need for synthesis, the study of archaeological pot-
tery has undergone many recent developments in technical eleboration and
precision (in excavation, quantification, coding, compositional analysis,
pliysical and imechanical characterization, etc.). These advances are certainly
{audable, but there has not been 2 commensurate development of theory, of
integrated approaches t0 analyzing and interpreting ceramic data, so that this
technical expertise can be optimally utilized. Lacking such theory and inte-
gration, researchers may waste time reinventing the wheel, repeating mis-
takes, and dismissing much of the variability in pottery as insignificant
“noise.” Because it is such a complex subject, it is easy in pottery analysis (as
in other complex areas of research) to oversimplify, reducing complex factors
of multivariate correlation and causality to a single attractive or easily com-
prehended dimension. 1 hope that efforts to synthesize a variety of approaches
to ceramic problems and call attention to the complexity of the issues will not
be discouraging but instead will prove challenging and thereby encourage fur-
ther study.

With these as the objectives of Potrery Analysis, 1 have tried to maintain a -
balance between depth, spread, and synthesis in identifying focal concepts
and issues. I selected some important behavioral questions and research meth-
ods in the study of pottery, and for each one—to a greater or lesser extent—I1
discuss the history of its development, provide an overview of alternative ap-
proaches, summarize their advantages and disadvantages, spmmarize the
most recent findings, and confront the problems yet to be sz'gsfacto'rily re-
solved. In all these discussions I have endeavored to provide enough basic in-
formation to cover the issue adequately, and also to include enough references
to pertinent literature sO that the interested reader can delve more decply.
Throughout, | have tried to avoid pronouncements on how one should conduct
pottery studies, developing instead a broader picture of the ramifications of
various procedures of viewpoints. I have also eschewed detailed treatments of
archacological field processing and recording of data, since this is an ex-
tremely individualized matter, varying from one field project to another.

Pottery Analysis is organized into three primary divisions treating raw ma-
terials, ethnographic and ethnoarchacological studies, and analytical -ap-
“proaches to pottery, plus a short introduction and concluding section. Each

7
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XXii

primary division is broadly related to the preceding section(s): for example,
the discussion of the properties of raw materials in part 2 helps lay the founda-
tion for understanding aspects of pottery manufacturing and use {part 3), and
these perspectives in turn establish a basis for identifying research problems
and 1ssues for technical analysis (part 4).

Part 1 (chap. 1} introduces the topic of pottery and ceramics within a his-
torical and geographical framework, summarizing what is known about the
origins and history of pottery (and related materials) in different parts of the
world. Part 2 treats the raw materials of pottery making, establishing both
how their properties affect the construction of pottery vessels and their use
and how they shape scientific analysis of the pottery and its interpretation.
Within part 2, chapter 2 discusses clay as a geological material, the origins of
clays, and different kinds of clays; chapter 3 describes the properties of clays
when water is added or removed, that is, plasticity and shrinkage; and chapter
4 explains changes in clays fired under different conditions and the composi-
tion of glazes. )

Part 3 highlights ethnographic and ethnoarchacological perspectives on
various aspects of pottery production and use, with particular attention to the
concerns and data base of archacology. Chapter 5 surveys the technology of
manufacture, including clay preparation, shaping, decorating, and firing, and
chapter 6 examines the organization of pottery production and distribution. In
chapter 7 various approaches to the many functions of pottery are addressed,
including clues from vessel form, composition, and direct investigation of the
contents. Chapter 8 focuses on decorative style and on the many ways decora-
tion (particularly painting) on pottery has been analyzed and interpreted by
archaeologists and ethnoarchacologists. In chapter 9 some special topics in
pottery analysis are investigated: classification, quantification, and use life
and assemblage formation.

Part 4 treats characterization of pottery by its physical, mechanical, ther-
mal, mineralogical, and chemical properties. Chapter 10 introduces the back-
ground and goals of characterization studies, together with some general
questions concerning their design (especially sampling) and interpretation.
Chapter 11 is directed toward color characterization—the source and inter-
pretation of differences in pottery colors—and chapter 12 reviews physical,
mechanical, and thermal properties, including porosity, hardness, strength
and thermal stress resistance. Physiocochemical analysis methods are out-
lined in chapter 13, which summarizes the general principles, sampling re-
quirements, and information about pottery that are yielded by petrographic
analysis, X-ray diffraction, thermal analysis, optical emission spectroscopy,
X-ray fluorescence, atomic absorption, neutron activation, electron micros-
copy, and other methods. Chapter 14 addresses some special research ques-
tions to which pottery characterization studies are often directed, such as tem-
per identifications, provenience studies, estimates of firing temperature, and
dating and authentication of pottery.

Part 5 (chap. 15) identifies the effects of modern technological develop-
ments, colonialism, and tourism on patterns of change and continuity and ex-
plores the implications of these findings for archaeological studies of pottery
change in prehistory. As cheap utilitarian containers of plastic and metal be-
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come widely available, the number of potters making traditional cooking pots
and water jars is rapidly dwindling, and with them is disappearing an invalu-
able source of insights into prehistoric cultures and their artifacts.

A number of people helped me in preparing this book. Among them 1
would like to thank Wendell Williams and Warren DeBoer, who read various
sections of the manuscript, and especially Alan Franklin, who bravely tackled
chapters 12—14. Chuck Nelson helped with table 7.1 and Bruce Edwards with
Figure 7.9. Don Rice took pictures, switched files, and assisted with matters
of design. Parts of this manuscript were drafted while I held a National Sci-
ence Foundation Visiting Professorship for Women, and I am grateful for that
support. '




Introduction

When you hold a pot in your hands, when you go over its walls with your
fingers, you feel the hands of the potter, his fingermarks, his touch. You may
not know who he was or what he looked like, but, handling the pot, be it
hundreds or thousands of years old, you can still feel the imprint of his hands.
It is this fact about a pot that makes it so endearing, so very personal. It makes
the physical handing of a pot such an important part of its appreciation, as
important as its visual impact, and at times even more so.

O. Natzler, Ceramics




Pottery and Its History

Pottery was the first synthetic material humans created—artificial stone—and
it combines the four basic elements identified by the Greeks: earth, water, fire,
and air. As one of many materials within the large sphere of technology
known as ceramics, pottery has transformed a broad range of human endeav-
ors, from prehistoric cuisine to the twentieth-century aerospace industry. .
Besides prehistoric vessels and fragments, commeon ceramics include terra
cottas, carthenwares, and stonewares such as craft items and flowerpots, and
also china and porcelain tableware. Less obviously, perhaps, ceramics also
encompass bricks, roof and floor tiles, sewer pipe, glass, and vitreous plumb-
ing fixtures, as well as cements and plasters, abrasives, refractories, enameled
metals, electrical insulation and conduction parts, space-shuttle tiles, spark
plugs, and dentures (see Norton 1970, 408—74), and recently ceramic materi-
als have been invented that can bond to living human tissue, opening up new
medical applications (Hench and Etheridge 1982, 126-48). The connection
between ancient pottery fragments, outer space, and modern medicine may
seem tenuous, but it is present in the realm of ceramics.

1.1 Pottery and Ceramics: Definitions and Products

The term “ceramic™ derives from the Greek keramos, variously translated as
“burned stuff” or “earthenware™; it describes a fired product rather than a
clay raw material {Oldfather 1920; see also Washburn, Ries, and Day 1920).
Although in popular usage ceramics denotes materials made of clay, modern
science apphies the term far more broadly to chemical compounds combining
metallic elements (which give up electrons} with nonmetallic elements (which
add or share electrons). Thus one definition calls ceramics “the art and sci-
ence of making and using solid articles which have as their essential compo-
nent, and are composed in large part of, inorganic nonmetallic materials™

T
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(Kingery, Bowen, and Uhlmann 1976, 3). Although some ceramics are com-
positionally complex, they may also exist as simple oxides of aluminum
(A1,0,), magnesium (MgQ), or barium (BaTiO5).

The word ceramics has two sets of overlapping meanings, one set common
to materials science and another employed in art and archaeology, which com-
plicates its precise definition and usage. In materials science ceramics is a
broad generic term, referring either to the entire range of compounds of
metals and nonmetals or, sometimes slightly more restrictively, to materials
manufactured from silicates (usually clays) and hardened by applying heat.
The term also encompasses the research and applied fields developed around
these products, that is, ceramic science, ceramic engineering, and ceramic
industries. Pottery is one of several specific industries within the overall ce-
ramic field (table 1.1) and includes low- and high-fired tableware, utensils,
and tiles; the other ceramic industries manufacture structural, electrical, re-
fractory, or glass products (Grimshaw 1971, 35). :

In art and archacology the term ceramics usually excludes construction or
industrial products (cements, bricks, abrasives, etc.) and conforms more
closely to dictionary definitions, which emphasize the plastic arts and clay °
working. Within these fields, ceramics refers to cooking and serving utensils
and objets d’art manufactured of clay. Even here the term is sometimes em- |
ployed more specifically to distinguish ceramics—high-fired, usually glazed, :
and vitrified—from pottery, which consists of low-fired, unvitrified objects
and/or cooking and storage vessels. In Oriental studies an even finer distinc-
tion may be made, whereby ceramics denotes glazed and vitrified materia
intermediate technologicaily between low-fired pottery and high-fired translu-
cent porcelain. :

In terms of these several criteria of function, firing, and composition, pre-
historic archaeologists and anthropologists investigating traditional crafts
commonly treat only a subset of the diverse field of ceramics, that is, low
fired, unglazed, relatively coarse pottery vessels or art objects. (It is clear.
however, that in the historical period as well as in much of Asia, high-fired
glazed and vitrified ceramics provide a major component of the data base.) |
The fine distinction between ceramics and pottery is difficult to uphold in
many situations, for example, in time periods or regions where domestic ves
sels were of vitrified clay. Nevertheless, given both the extremely broad tech

Table 1.1  Principal Ceramic Industries A

Industry Product

Structural ceramics Bricks, tiles, drainpipes, concrete, flowerpots
Pottery Artware, tableware
Terra-cotta
Earthenware, glazed and unglazed
Stoneware
China
Porcelain
Refractories Fireclay bricks, crucibles, insulation
Electrical Spark plugs
Abrasives Abrasives
Glass Glasses, glaze

Source: After Grimshaw 1971, 35,
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nical meaning and the narrow art-historical meaning of the term ceramics, the
bulk of low-fired, unvitrified material trcated by anthropologists and pre-
historic archaeologists is more properly referred to as pottery.

Prehistoric, historical, and modern pottery and ceramics are grouped into a
number of categories called wares or bodies (table 1.2) on the basis of their
composition, firing, and surface treatment (see Norton 1970, 1-7). The
broadest division is into unvitrified versus vitrified wares, a distinction based
on whether the composition and firing are such that the clay melts and fuses
into a glassy (i.e., vitreous or vitrified) substance. Low-fired, porous, un-
vitrified pottery includes terra-cottas and earthenwares, while high-fired,
vitrified ceramics include stonewares and porcelains.

Terra-cottas are relatively coarse, porous wares fired at low temperatures,
usually 900°C or less. The earliest fired pottery in ali areas of the world falls
into this category. Terra-cotta vessels, sculptures, and tiles are generally not
covered with a glaze, but they may exhibit several surface treatments that en-
hance their function. Roughening surfaces by beating with a carved or a cord-
or fabric-wrapped paddle can increase the ability of vessels to absorb heat and
prevent them from slipping out of the hands when wet. Alternatively, surfaces
may be covered with slip or engobe, a liquid solution of fine clays and water
that, in addition to cosmetic effects of coloring and smoothing, lowers the ves-
sel’s porosity and retards seepage of liquid contents. Terra-cottas are often
subsumed within the broader category of earthenwares.

Earthenwares also include porous, unvitrified clay bodies, but they are fired
at a wide range of temperatures from 800/900°C or so up to 1100/1200°C.
In the lower part of the range they are roughly equivalent to terra-cottas.
Earthenwares may be glazed or unglazed; although the body itself is not
vitrified, the firing temperature may be high enough to allow a glaze to form
properly. These wares are made from *“earthenware ciays,” usually relatively
coarse, plastic red-firing primary clays. This category of ceramic material in-
cludes a wide range of products, ranging from coarse earthenwares (some-
times called “heavy clay products™) such as bricks and tiles to fine earthen-
wares such as tin-enameled majolicas, made with more refined white-burning

Table 1.2 Ceramic Bodies and Their Characteristics

Body Type Porosity Firing Range Typical Applications Comment

Terra-cotta High: 30% or more  Well below 1000°C  Flowerpots, roof tiles, Unglazed, coarse, and

bricks, artware; most
prehistoric pottery

Earthenware Usually 10%-25%  Wide: Coarse: drainpipes, fil- Glazed or unglazed;
900 1200°C ters, tiles, bricks body nonvitrified
Fine: wall and floor tiles,
majolicas
Stoneware 0.5%-2.0% Ca. 1200-1350°C Glazed drainpipes, roof Glazed or unglazed;
tiles, tableware, vitrified body
artware
China Low: usually less 1100-1200°C Tableware White, vifrified
than 1%
Porcelain Less than 1%; 1300-1450°C Fine tableware; artware; Hard body; fine, white,
often nearly 0% dental, electrical, and translucent; *‘rings™

chemical equipment

porous; often red-
firing

when tapped
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clay bodies. Earthenwares have served an enormous variety of household and
construction purposes throughout the world for many millennia.

Stonewares are fired at temperatures of roughly 1200 to 1350°C, high
enough to achieve at least partial fusion or vitrification of the clay body, de-
pending. on its composition. The body is medium coarse and opaque rather
than translucent and often is gray or light brown. It is usually composed of
“stoneware clays,” which are typically sedimentary deposits such as ball clays
{see Rhodes 1973, 22), highly plastic and low in iron. Stonewares may be
unglazed or may have a lead glaze or, more frequently in modern times, a salt
glaze. A distinctive fine, hard, porcelainlike European stoneware is Wedg-
wood jasper ware, containing high quantities of barium suifate, which began
to be made in England in the mid-eighteenth century.

The pinnacle of the potter’s art, at least in terms of technical accomplish-
ments, was reached with the Chinese production of porcelain, a thin, white,
translucent vitrified ceramic that is customarily fired at temperatures of
1280— 1400°C or higher. Porcelains are made of a white-firing, highly refrac-
tory kaolin clay (sometimes called “china clay™), relatively free of impurities,
mixed with quartz and with ground, partially decomposed feldspathic rock
that acts as a flux. When fired to high temperatures the feldspar melts, giving
the product its characteristic translucency, hardness, and melodious ring when
tapped. High-fired (but nontranslucent) porcelains in China are well known
from the T’ang dynasty in the ninth and tenth centuries A.D. (Hobson 1976,
148), although “protoporcelains” or “porcellanous” stonewares are some-
times claimed to have been manufactured a millennium earlier in the Han dy-
nasty (Laufer 1917; Li Jiazhi 1985, 159).

When Chinese porcelains of the Song, Ming, and later dynasties reached
Europe, potters there tried a variety of experiments to achieve the same hard-
ness and translucency, including adding ground glass to the clay, but they met
with little success. The translucency of porcelain could be achieved but not
the hardness, and the European product up through the eighteenth century was
a “*soft porcelain™ or pdte tendre (Kingery and Smith 1983). Porcelains today
are composed of 40% to 50% kaolin (sometimes with the addition of a more
plastic ball clay), 25% to 30% feldspar, and 20% to 25% quartz or flint (Nos-
ton 1970, 336; Rhodes 1973, 53-54). “Bone china” is a late eighteenth-
century English innovation in which calcined ox bones provide the desired
translucency. Bone china, consisting of 40% to 50% bone ash, today is made
almost exclusively in England (Norton 1970, 346—60).

1.2 History of Pottery and Ceramics

It is impossible to trace precisely the beginnings of human exploitation of the
world’s resources of earthy and clay substances. Although early stone tools
from Africa are more than a million years old, the oldesi objects of clay that
archaeologists have found date only in the tens of thousands of years. Humans
may have experimented with soft, plastic earthy materials considerably before
this, perhaps hundreds of thousands of years ago, in uses as ephemeral as
painting their bodies with colored clays. But the essential features in the his-
tory of use of this resource is the application of heat to transform the soft clay
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Table 1.3 Chronological Sequence of Developments in Pottery and Ceramic Technology

into something hard and durable. A relatively recent achievement by the yard-
stick of prehistory, it is this transformation that allowed broken bits of pottery
to survive millennia and come into archaeologists’ hands for study.

Any discussion of the history of pottery and ceramics must begin with the
recognition of clay itself as a useful raw material (see table 1.3). Clay is cer-
tainly one of the most abundant, cheap, and adaptable resources available for
human exploitation. Earliest archaeological evidence for its use ties it to the
diverse artistic expressions of the Upper Paleolithic period of central and
western Europe. Many Paleolithic caves have designs traced into wet clay on
walls and floors, in addition to the more familiar animal paintings. At the Tuc

Development

Europe

Near East

Far Bast

Western Hemisphere

Fired clay
figurines

Pottery
Kiln
Wheel

Brick—adobe

Brick—fired
Stoneware

Glazes
Hard

Lead

- Celadon
Fritted
Tin

Salt

Porcelain

Bone china

Gypsum plas-
ter mold

Jiggering

Slip casting

Pyrometric

. cones

Dolni VEstonice,
Czechoslovakia,
30,000 B.C.

[England, late 15t
millennium B.C.]

Germany, 14th
century

Southern Italy, 13th
century
England, 17th
century
Germany, 16th
century
Germany 1709
France 1768

England, late 18th
century
Italy, 1500

1700
1740
1886

Anatolia, 8500—
8000 B.C.

Iran, 7th millennium

B.C.
3500 B.C.

Zagros, 7500—
6300 B.C.

Sumer, 1500 B.C.

16th century B.C.

100 B.C.

Assyria, 900 B.C.

Japan, 10,000 B.C.

China, 4800—
4200 B.C.
China, 2600-
1700 B.C.

China, 1400
1200 B.C.

China, 1028—
927 B.C.
China, 206 B.C.—-
A.D. 221
China, 4th century
China, 8th century

China, 9—1oth
century
Japan, 1616

Various, 3600—
2500 B.C.
Mexico, A.D. 500

[16th century A.D.]

Coastal Peru,
1900 B.C.
Mexico, goo—
800 B.C.

Mexico, A.D.
600-900
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d’ Audoubert cave in France two modeled bison were found, formed of unfired |
clay. Among the famous “Venuses” —female figurines with exaggerated sex-
ual characteristics—are specimens formed of fired and unfired clay from
Dolni V&stonice in Czechoslovakia; dating to about 30,000 B.C. (Zimmerman
and Huxtable 1971), some of the figurines were made of clay mixed with
crushed mammoth bone.

These examples suggest that by the late Paleolithic period three significant
principles of clay use were already known. One is that moist clay is plastic: i
can be shaped and formed and will retain that form when dried. Another prin
ciple is that fire hardens clay. A third is that adding various substances to clay
can improve its properties and usefulness.

The use of clay to make pottery containers does not seem to have originated
in any single time and place in human history; rather, the idea seems to hav
been independently invented in an unknown number of centers. Several sce:
narios have been proposed to explain the origins of pottery; all are intaitivel
appealing and may have some basis in fact. Unfortunately, though, simple an
swers to “Why?” questions in archaeology are not easy to come by, and th
whys and hows of pottery origins are no exception. Multiple causes are mo:
probable explanations for almost all prehistoric cultural developments; thu
the beginnings of potiery may be a consequence of numerous lines of experi
mentation and accumulation of practical experience.

One unusual suggestion is that pottery vessels may have developed out o
“soil crusts,” the surfaces of fine clay deposits that, during sun drying, shra
and warped into shallow bowllike forms (Goffer 1980, 108).

A more typical reconstruction of pottery origins calls attention to the fa
that in many parts of the world the earliest pottery known archaeological]y'
occurs in forms or with decorations that resemble earlier containers mad
of other materials. These pottery skeuomorphs often mimic containers
birchbark (Speck 1931), metal (Trachsler 1965), gourds (Joesink-Mandevil
1973), wood (Mellaart 1965, 220), or soapstone (Griffin 1965, 105-6),
Jeather bags or baskets. The similarities have led to suggestions that potter
utensils may have developed out of the use of clay to line, mend, or reinfor
containers such as baskets (see, e.g., Wormington and Neal 1951, 9. Th
was once a popular explanation for the origins of Southwestern United States
pottery, but the theory was based on the basketlike “corrugated” cerami
wares from this area, which actually occur relatively late in the technologic:
sequence rather than early (Morris 1917; Gifford and Smith31978).

Alternatively, clay could have been used alone, perhaps to form containe
that were only dried and hardened in the sun; these would have served well f
holding dry goods such as grains, seeds, nuts, or herbs. In prepottery N
lithic settlements at both Jarmo and Jericho in the Near East, clay-lined sto
age pits, “baked in place” basins set into house floors, fire pits, and ovens
have been found (see Amiran 1965, 242). It is not difficult to imagine thal
once people recognized the durability and impermeability of the hardened
clay that lined these pits they would have experimented with firing clay to
create portable containers. -

For archaeologists, the problem in all these reconstructions is that unfired
clay objects are ephemeral and leave only rare traces in the archaeological
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record. They are easily broken, crushed, or dissolved by liquid and quickly
return to their original state. Thus the early use of clay for making or modify-
ing containers is still poorly documented.

"'The use of unfired clay for artistic or utilitarian objects is not restricted to
the earliest stages of cultural development, however. Unfired clay vessels were
found in tombs in Nubia from a.D. 300-550 (Williams, Williams, and Mc-
Millan 1985, 46); in the Near East unfired clay objects come from excava-
tions into structures dating to the early Sumerian civilization, and a variety of
unfired “mud” dishes and other utensils are made by Bedouins in the same
area today (Ochsenschlager 1974); and some Eskimo pottery from A.p. 1000 -
- to 1600 was unfired (Stimmell and Stromberg 1986, 247). Unfired, sun-dried
clay objects are made and used today in Papua New Guinea (May and Tuckson
1982, 7). Nonetheless, in most cases it is only when clay items were subjected
to fire—intentionally or accidentally, through burning of dried clay parching
trays or setting a clay-lined basket too close to the fire—that they survived and
allow us to piece together a technological history of pottery.

. The appearance of pottery vessels in the archacological record was at one
time interpreted within evolutionary theories as marking the development of
human societies out of “Upper Savagery” into “Lower Barbarism™ (Morgan
1877), but in more recent thinking pottery is seen as part of the so-called Neo-
lithic techrocomplex. This is an assemblage of tools and containers for food
preparation and storage, together with the associated technology of their
manufacture and use, that correlates in a very general way with worldwide
" changes in human lifeways at the end of the Paleolithic period or soon there-

-after. These changes are dramatic, involving the adoption of food production
rather than collecting, and settlernent in villages rather than temporary en-

- campments. Although there is no necessary causal relationship between agri-

cultural fife and pottery making, it is trae that even today pottery is primarily

made in sedentary as opposed to nomadic societies (table 1.4). When scru-
‘tinized on a smaller scale, however, the Neolithic changes appear as the culmi-

‘nation of a long series of connected adjustments and alterations in social and

ecologlcal relationships. The changes took place over several millennia and

curred in different ways at different times in different areas.
“Pottery, rather than being a spectacular new achievernent at this time, is
- better considered as a transformed exploitation of an already familiar raw ma-
erial. The appearance and widespread adoption of fired pottery reflects both
“continuing and new needs for tools and resources—principally storing and

ahle 1.4 Relation between Pottery Making and Sedentism among Fifty-nine
Ethnographic Societies

Settlement Type

Partially Fully
Nonsedentary  Sedentary Sedentary

 Pottery-making societies 2 12 32
Non-pottery-making

societies 6 3

~ Total 8 35

_ourcé.' Arnold 1985, table 5.3. From the Human Relations Area Files Probability Sample Files.
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preparing newly important foods such as domesticated grains—and new ways
of meeting these needs. In fact one theory of the origins of pottery relates it to
the need to detoxify plant foods by heating (Arnold 1985, 129-35). All of
this is not to minimize its significance from the viewpoint of the history of
technology, however, The technological achievements that underlie pottery
making established the foundations for many other ancient and modern tech-
nologies such as metallurgy, brick architecture, and éngineering.

1.2.1 Pottery and Ceramics in the 0Oid World

1.2.1.1 THE NEAR EaST

In the Near East, although Paleolithic use of clay has not been documented
archaeologically, after about 10,000 B.C. clays were used for a variety of pur-
poses including architecture, pottery, and small modeled clay objects. Their
order of appearance varies from region to region within the area.

Architectural use of clay is widespread very early (by 7500 B.C.) in all areas
of the Near East and calls attention to the integration of clay exploitation with
sedentary agricultural settlements. Clay was used by itself or mixed with chaff
or straw from the fields as poured or “puddled” adobe for constructing walls
of permanent houses, as plaster or mortar over rock or pole walls, and for
floors and roofs. Indeed, wheat and barley kernels are often found embedded
in the clay of these buildings (Amiran 1965, fig. 1). Adobe bricks began to be
used as early as 7500-6300 B.C. in the Zagros area (Schmandt-Besserat
1974). Planoconvex bricks, formed in a mold and dried in the sun, continued
to serve in the construction of residences, temples, and burial chambers for
millennia; fired bricks were probably regularly in use by 1500 B.C.

Pottery containers appear perhaps as early as 85008000 B.C. at Beldibi
(Bostanci 1959, 146-47, cited in Schmandt-Besserat 1977a, 133) and Catal
Hiiyiik (Mellaart 1964, 1965) in southern Turkey, whereas in Syria pottery
did not occur until about 6000—5500 B.C. {Schmandt-Besserat 19770, 40). In
the Zagros area, figurines and geometric cones, spheres, and disks were made
of clay as early as 2500—7500 B.C., and in the succeeding millennium pot-
tery containers—-which may or may not have been fired—began to be made
(Schmandt-Besserat 1974). The earliest vessels in the Near East were hand
built by coiled or segmental building (Mellaart 1965, 220) and then scraped,
paddled, or rubbed to produce an even finish; they were fired without kilns in
open bonfires, using wood or dung cakes for fuel. These and later vesscls
come in a range of shapes, including bowls, cups, and trays, and later are
decorated with paint and incised lines. Their decoration depicts a variety of
plant and animal forms (fig. 1.1), human activities, and costuming; and the
context of recovery——burials, household activity areas, refuse deposits—pro-
vides many clues to their diverse functions.

Despite the common use of fired clay, ¢
tinued to be important. At Cayonil, in Anatolia,

6000 B.C., before the manufacture and use of fired pottery, various unfired
clay objects have been found, including models of houses, a bowl formed by
lining a basket with clay, animal and human figurines, and a clay-lined bi
(Redman 1978b, 160).
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Figure 1.1 Painted Samarran-ware bow from the site of
Hassuna, a sixth-millennium B.C. village in Iraq. After
Redman 1978b, fig. 6-9.

At a number of sites in the Near East, unfired or low-fired clay tokens, in-
scribed with various notations, may constitute early records of econcmic
transactions that can be linked to the later development of writing (Schmandt-
Besserat 1978; cf. Licberman 1980). The variety of sizes and shapes of the
objects (cones, disks, etc.) may correspond to kinds and quantities of goods.
These shapes are echoed in the carliest examples of writing, which appear in
cuneiform on clay tablets by the late fourth millennium. When fired, as at
Ebla (Tell Mardikh), whether intentionally or accidentally, these clay tablets
formed a permanent ““library” of knowledge and activities of the time (Mat-
thiae 1977).

Female figurines, “mother goddesses,” were widely produced in early agri-
cultural towns and villages in the Near East and may have connections with
fertility or household religious practices. Numerous other items of clay were
also manufactured, inclading toys, models of houses, and tools. Among the
tools are “administrative artifacts” such as stamp and cylinder seals used for
recording and identification in economic transactions, loom weights and spin-
dle whosls used in weaving and spinning, and clay sickles, with inset stone
blades, for harvesting grain.

By 1500 B.c. three major characteristics of ceramic manufacture—-ancient
and modern, craft and industrial—had developed in the Near East. These in-
clude the use of kilns (open topped) for firing, the potter’s wheel, and glazes.
These developments had far-reaching significance in pyrotechnology and in
-the organization of craft production beyond simply providing household cook-
ing pots and drinking cups.

Kilns, or firing chambers, are significant innovations because the enclosed
space concentrates available heat, permitting higher temperatures, better con-
trol of the firing process, and more efficient use of fuel. The earliest kilns were
probably open topped—either pit kilns or built aboveground—and fulfilled
these functions only minimally. Later changes in kiln design, involving en-
closed chambers to provide maximum firing control, permitted successful
manufacture of high-fired vitrified ceramics. Such high-temperature firing
control also contributed to the beginnings of bronze metallurgy (smelting of
metal ores} and glassmaking. Several kilns are known from the fifth millen-

i
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nivm B.C. in the Near East, and one near Susa in Iran is dated to the seventh
millennium B.c. (Majidzadeh 1975-77, 217).

The potter’s wheel allowed rapid mass production of standardized forms
and development of a ceramic industry serving a large market. The true pot-
ter’s wheel, on which vessels are “thrown,” combines the principle of the
pivot, also used in wheeled vehicles, with the principles of rotary and cen-
trifugal motion. It was probably preceded by a “slow wheel,” “hand wheel,”
or tournette on which vessels could be turned during shaping but where the
actual rotary force was not a fundamental part of vessel forming as it is in the
true wheel. One line of evidence—not entirely reliable—for the use of pot-
ter’s wheels is the characteristic “rilling™ or spiraling ridges on vessel surfaces
formed by pressure of the potter’s hands during throwing. Archaeoclogical dis-
covery -of actual potter’s wheels is of course the best evidence of this tech-
nique, but those made of wood may not have survived. Wheels or pairs
of socketed hand wheels of stone or clay scem to have been common in the
Near East after about 3500 B.c. (Amiran and Shenhav 1984; Lobert 1984).

Glazes are vitreous (glassy) coatings melted on the surfaces of vessels to
make them watertight. Their manufacture is dependent both on knowledge of
how to prepare a substance that will melt to form a glass and on the ability to
sustain a high enough temperature in firing so this melting can take place. :
Glazed faience beads were made in Egypt during the Predynastic period
about 4000-3100 B.C. (see Vandiver 1982), and there is some evidence that °
alkaline glazed pottery manufacture may have begun about the sixteenth cen
tury B.C. in the Near East (Hedges and Moorey 1975).

One of the major kinds of glazes on earthenwares, ancient and modern, i
the lead glaze. Lead acts as a flux in glaze composition; that is, it lowers th
melting or fusion point of the glaze mixture, allowing it to form a glass a
lower temperatures. Lead glazes are generally clear and often green though
yellows and reds are also common; copper was a typical colorant. They appar
enfly developed in China during the Han dynasty, 206 B.c. to A.D. 2(H)
(Shangraw 1978, 44), and in the Near East about 100 B.C.

A second kind of earthenware glaze is the tin glaze, a thick white coating
made opaque by adding stannic (tin) oxide to a lead glaze. These opague
glazes mask defects in finish or color of the vessel body and provide a clean
background for painted decoration, often executed in blue or in polychrome
colors. Tin glazes (or enamels) were first used in decorating brick panels by
the Assyrians after 900 B.c., then the knowledge of their manufacture was los

until it was rediscovered by Islamic potters in the ninth century A.D. Neve
poputar in China, tin-glazed pottery and tiles were produced in the Islamic
Near East and North Africa; knowledge of their manufacture traveled with the
Moors to Spain and Italy and later to the New World in the sixteenth century.

1.2.1.2 THE FAR EAsT

It is in the Far East—primarily China, Korea, and Japan—that the earlies
innovations in virtually all stages of the potter’s art can be found. Because o
these outstanding technical and aesthetic advancements throughout the history
of the craft, little attention has been paid to the earliest “primitive™ stages
and as a result many questions remain concerning the beginnings of clay use
in this area.
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The oldest pottery known in Japan is a very well made type called Jomon,
or “cord pattern,” because of its distinctive cord-marked or string-impressed
decoration (fig. 1.2). The dates of Jomon pottery are highly controversial,
because radiocarbon measurements suggest some pieces may be over twelve
thousand years old (Ikawa-Smith 1980, 138). A thermoluminescent dating
program on some Jomon material, while not yielding evidence of such an-
tiquity, generally supported the radiocarbon ages of the various periods and
gave mid-sixth millennium B.C. dates for the earliest Jomon period pottery
(Ichikawa, Nagatomo, and Hagahara 1978). Jomon pottery is hand built and
consists primarily of beakers or deep jars with small bases, which often seem
unstable and poorly suited for practical use. Although the entire range of early
through late Jomon pottery is characterized by impressed and modeled (rather
than painted) decoration, the most elaborate of these products were produced
in the Middle Jomon period (second millennium 8.¢.), with heavy appliquéd
fillets and buttons, castellated rims, and deeply incised grooves (see Kidder
1968; Rathbun 1979). .

In China little is known of the very earliest stages of the potter’s art, though
the late prehistoric and historical periods are very well studied. The earliest
pottery in the area comes from coastal southeast China and adjacent regions
and consists of a variety of cord- and shell-marked and incised types (Chang
1977, 85-90). Dating is somewhat uncertain; although dates in the fifth mil-
lennium range seem most acceptable, a new radiocarbon determination from
the interior of Jiangxi Province gives a date of 6875 + 240 B.c. (Chang 1977,
511). Nine thermoluminescence dates on pottery from Zenpiyan, in Guangxi

Figure 1.2 A late }omon jar from Japan,
showing characteristic cord marking; height
47 c¢m. Courtesy Royal Ontarioc Museum,
Toronto, Canada.
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Figure 1.3 Map of east-central China, showing loca-
Beijing tions of inferest in ceramic history. Small triangles show
L] locations of sites with early cord-marked pottery.
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Figure 1.4 A late Yangshao funerary urn of Banshan
type, from northwest China. After Blandino 1984, 15.

Province, range from 6990 to 10,340 B.P. (Wang and Zhou 1983, tables_
1 and 3). A

The best-known early Chinese pottery (see Shangraw 1978) comes from the
Yangshao culture in the Yellow River valley (fig. 1.3), between 4800 and
4200 B.c. Potters at Banpo and other Yangshao villages produced beautiful
hand-formed jars and dishes painted with red-and-black geometric decoration
(fig. 1.4), so skillfully made that they could not represent the beginnings of
the craft. Furthermore, these wares were fired in small, subterranean hori
zontal and vertical updraft kilns (fig. 1.5) on the outskirts of the villages
(Shangraw 1977); these Neolithic kilns could achieve firing temperatures of
950°C (Li Jiazhi 1985, 143). The date of production of these wares is comp
rable to the fifth-millennium dates of the early kilns in the Near East. Incised
marks on some of the Banpo vessels have been interpreted as maker’s marks|
associated with particular family lines (Chang 1983, 84—-86) and may show
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kilns found at Banpo, China: a, vertical kiln;

some relation to later characters, particularly numerals, in Chinese writing

“There is little evidence for the beginning of use of the potter’s wheel in
hina. It has recently been suggested that a low, thick-walled dishlike vessel
ommonly found at Yangshao sites between 4800 and 3600 B.C. may actually
have been used as a slow or low-speed wheel (Zhou Zhen-xi 1985). The fast
or true wheel was apparently used during the Zhou (Chou) period, roughly the
first miflennium B.C. (Hobson 1976, 2).
“One of the most spectacular finds of archaeological pottery is the army of
00 life-size soldiers and horses found in 1974 near Xian, China. Guarding

?_thé tomb of Emperor Qin Shi Huang, the first unifier of China in 221 B.c., the

terra-cotta army was formed in separate pieces but without molds. Solid or
Hollow legs support hollow torsos made of coils of clay; heads, arins, and legs
eie shaped separately, then attached to the bodies with strips of clay; indi-
vidualized facial features and costume details were sculpted or appliquéd to
ﬁmsh the pieces before firing, then after firing the pieces were painted with
; green, black, and other colors (Hearn 1979, 46—48; Museum of Qin Shi
Huang 1981, 11-14).
“hinese ceramic history is marked by numerous technical achievements of
sting impact, particularly in the field of high-fired bodies and in glazes (Li
hi 1985; Zhang Fukang 1985). By the Middle Shang period, between the
eenth and thirteenth centuries B.C., stonewares were being produced in
il capable of reaching 1200°C (Li Jiazhi 1985, 144). At about the same
me, glazes were produced using a combination of CaO (lime) and wood ash
s fluxes (Zhang Fukang 1985, 164, 170), so vessels may have been given a
natirral kiln glost” from wood ash during the firing. True hard (feldspathic)
azes began to be used a few centuries later in the Early Western Zhou period
angraw 1977, 383; 1978, 43-46).
e of the most beautiful of Chinese wares is celadon, identified by its dis-
ve sea green, apple green, or olive green glaze. The delicate color, de-
ed as “the blue-green color of distant hills,” is so similar to jade that the
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ware was sometimes called “false jade.” The origin of the term celadon is
uncertain: one theory is that it was named after Saladin, a twelfth-century Is-
lamic potentate, while another calls up the gray-green costume of Celadon,
the shepherd hero in a seventeenth-century French pastoral comedy (Wykes-
Joyce 1958, 54). Although celadon glaze manufacture has been dated as early
as the fourth century A.D. (Mikami 1979, 12), the most famous of the celadons
were those produced in the Longquan (Lung Ch'uan) District of the Southern
Song dynasty (A.D. 1127-79) and later (Hobson 1976, 16; Li Hu Hou
1985; Vandiver and Kingery 1984). Celadons were widely popular throughou
Asia, which can be attributed not only to their beauty but also to their sup
posed magical or curative powers. It was believed in India and Persia, for ex- -
ample, that a celadon bowl would crack or change color if its contents were :
poisoned, and a famous Song celadon censer, shaped like a bird, was said to*
make birds burst into song and to Cry out to its owner if danger was near:
(Spinks 1965, 98-99). Medications were also thought to be more powerful if
prepared in a celadon vessel or if such a vessel or its glaze was ground and’
mixed into the potion (Spinks 1965, 99—100). '

The most enduring legacy of Chinese potters is porcelain, originally called.
porcellana (shell) by Marco Polo becaue of its delicate translucency. The ori=
gins of porcelain are uncertain. Historical texts are not conclusive: there is no
single Chincse word for porcelain as distinct from other kinds of pottery, al-:
though the beginning of 4 new written character, 2" u (or t5’ ¢) during the Han,
dynasty (206 B.C. 10 A.D. 220) has sometimes been interpreted as signaling
the creation of a distinctive new ceramic product (see Hobson 1976, 140—42):
Compositionally, some of the hard-fired stoneware ceramics manufactured in
this period or earlier (Shang-Zhou) have been called ““porcellanous”™ stone-
ware (Laufer 1917) or protoporcelain (Li Jiazhi 1985, 135), but they lack the
characteristic white color and translucency of true porcelain. Excavations o
tombs in the region of Anyang and Xian in northern China yielded white por
celains, revealing that its manufacture dates as early as the Northern and Sui
dynasties (late sixth century A.D.), though no kiln sites of this early date haw
been found (Li Guozhen and Zhang Xiqgiu 1986, 217). Until recently, it wa
the recovery of Chinese porcelains from outside China that provided the basi
for inferring a somewhat later date of production, that of the T’ ang dymasty,
A.D. 618—906 (Hobson 1976, 148). A set of thirty polychrome porcelai
headrests was excavated at an ancient Nara period (A.D. 649—794)temple i
Japan (Mikami 1979, 110), and porcelains were also found in the ninth
century Moslem center of Samarra, on the Euphrates River in modern Iraq
which flourished from A.D. 836 to 883 (Wykes-Joyce 1958, 51). White, hard
translucent, and resonant, porcelain reached its finest development in th
Song dynasty (A.D. 960—1279) and thereafter and was compared by lyric
Chinese poets to jade, sSnow, and lotus leaves.

Chinese porcelains are most closely identified with the “imperial kilns”
Jingdezhen (formerly Ching-té-chén, or Ch’ ang-nan). This city (see Tich
1683) rose from humble origins as an old market town (chén) on the east bank
of the Chang River in northern Jiangxi (Kiangsi) Province, to become “the
metropolis of the ceramic world, whose venerable and glorious traditions o
shine Meissen and Sevres and all the Jittle lights of Europe, and leave thei
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eclipsed and obscure” (Hobson 1976, 152). Although skilled potters were to
be found in the area centuries earlier, the meteoric rise of Jingdezhen as one
of the world’s great potting centers began when Emperor Ching Te (A.D.
1004—T) of the Song dynasty decreed that its kilns should produce wares for
the imperial capital (Hobson 1976, 45, 156). Most of the later Chinese export
porcelains (see Gordon 1977; Weiss 1971, 44-46) were manufactured at
Jingdezhen for shipment to Burope and the New World.

Chinese pottery and porcelains exerted incalculable influence on the ce-
ramic industries of other nations for more than a millennium. The earliest evi-
dence for long-distance export of Chinese products is in the time of the T’ang
dynasty, when porcelains came to be popular among the Asian aristocracy
(Mikami 1979, 35). Celadons reached Korea by the eleventh century (Mikami
1979, 13), and porcelains arrived there in the fourteenth century. The arrival
of Korean potters in Japan, allegedly by force during the “Ceramic Wars”
(1592—98) involving trade with Europeans, led to the beginnings of porcelain
manufacture there, and the discovery of kaolin clay stimulated the founding of
the famous kilns at Arita in 1616 (see Weiss 1971, 48—49). Archacomagnetic
dating has been used to confirm some of the legends surrounding the begin-
ning of porcelain at the time (Fleming 1976, 173).

Contacts with the Near East flourished especially during and after the
Mongol Yuan dynasty (a.D. 1280-1367), when there was considerable inter-
change between the Chinese and Islamic ceramic arts. One significant import
from the Near Bast during this period was pure cobalt pigment—called
“Mohammedan blue™ or “sacrificial blue” (Zhang Fukang 1985, 173)---for
underglaze decoration; the local cobalt in China was contaminated with smail
amounts of manganese and did not fire well (Wykes-Joyce 1958, 57). The re-
sult of this trade was the foundation of the Chinese blue-on-white decorative
tradition that has continued to the present (see Weiss 1971, 26-29).

1.2.1.3 EUROPE AND THE MEDITERRANEAN
Europe was not an independent center of pottery development; the appearance
and development of the craft were tied to the broader range of technology as-
sociated with agriculture and sedentary life pioneered in the Near East.

Two kinds of pottery in Europe and the classical world, Greek figured pot-
tery and Roman Arretine ware, represent outstanding technical achievements.
Both these wares, judged by their firing and other characteristics, probably
should be classed as high-fired terra-cottas or low-fired earthenwares. Neither
is glazed, though their fine glossy slips have sometimes been erroneously re-
ferred to as glazes. _

Greek black- and red-figure pottery (Noble 1966; Richter 1976) was manu-
factured during the sixth through fourth centuries B.C. in Athens. The distinc-
tive painted decoration (fig. 1.6) was applied by potters or by a separate group
of vase painters who sometimes signed their work, and the painted scenes de-
pict a variety of activities of Greek life, both ceremonial and prosaic (Beazley
1945; Thompson 1984; Von Bothmer 1985). The occurrence together of both
red and black iron paints and slips on these vessels entranced and perplexed
scholars for generations, but experiments to reproduce them did not succeed
until the early twenticth century (Schumann 1942; Stross and Asaro 1984,
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Figure 1.7 Gaulish Samian-ware bowls, moldmade with
raised decoration and covered with a red slip: @, hemi-
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spherical bowl (known as form Drag 37), used in the third
century B.C.; b, slightly less common deep bowl (Drag 30)
made in the first and second centuries B.c. After Ander- b

son 1984, fig. 27.

A
181-83). It was found that the colors and gloss of the paint derived from a

particular clay mineral (illite) and from careful control of kiln atmosphere in
firing.

Roman Asretine ware dates from the first century B.c. to the fourth cen-
tury A.D.; the name comes from ancient Arretium (modern Arezzo}, a center
of production in northern Italy. These beautiful lustrous red bowls and jars
were copied at multiple centers of manufacture (Johns 1977a; Peacock 1982,
114-28) and were widely traded throughout Roman Europe. Wares made in
what is now France and Germany, for example, are referred to as samian or
Gaulish Samian (from Samos) ware {fig. 1.7) or as terra sigillata (meaning
“clay impressed with designs™). Like the Greek gloss paints, the distinctive
red slips of Arretine and Samian wares are fine illite clays fired in a carefully




POTTERY AND ITSs HISTORY

controlied atmosphere at temperatures between 980 and 1260°C (Lawrence
and West 1982, 212; Bimson 1956; Tite, Bimson, and Freestone 1982). Ves-
sels were formed in wheel-thrown molds and often feature the name or mark
of cither the vessel maker or the mold maker on their surface (see Hoffman
1983). :

During the Renaissance, the technique of tin glazing moved from the
Mahgreb (North Africa) to southern Italy by the fourteenth century (White-
house 1980) and then to Spain, France, Germany, and the Netherlands, finally
reaching England in the seventeenth century. The type of pottery on which
this glaze appears is a fine earthenware known variously as majolica or
maiolica, faience, or delft after the hypothesized (and often confused) loca-
tions of manufacture or distribution throughout Europe (Wykes-Joyce 1958,
74). Maiorca (or Majorca) is an island from which tin-glazed wares were
shipped to Italy, so Italians named the pottery after the island, maiolica;
Faenza is a city in Italy from which Italian tin-glazed wares were exported to
France, so the French called the pottery faience (not to be confused with a
much earlier Egyptian silica-rich glazed material also called faience). Delft
wares {Fourest 1980) are later products from the town of Delft in the Nether-
lands, made in imitation of Chinese blue-and-white porcelains.

European potters continued making tin-glazed earthenwares, and by the
fourteenth century Germany had taken the lead in producing a well-developed
stoneware. Potters also experimented with reproducing the highly desirable
“hard” Oriental porcelains (Weiss 1971, 60—83), but they were hindered in
that endeavor by a lack of suitably plastic and white-firing kaolins. Although
an experimental porcelain had been made by Grand Duke Francesco Maria
de’ Medici in Italy in the late sixteenth century (Wykes-Joyce 1958, 78—79:;
Weiss 1971, 69; Kingery and Smith 1985}, it was not until the early eigh-
teenth century that a viable product was achieved. Two Germans, “alchemist’
Béttger and physicist von Tschirnhausen, found a local source of kaolin clay
that permitted them success in creating a hard, white, translucent porcelain
body—a success achieved, according to Bétiger’s notes, at 5:00 .M. on Janu-
ary 1708, after a twelve-hour firing (Weiss 1971, 60). With that discovery in
1710 a royal porcelain factory was later established at Meissen, near Dresden
(Wykes-Joyce 1958, 136-39). The French continued to produce soft por-
celains at Vincennes (d’ Albis 1985) and Sévres until kaolin was discovered at
Limoges in 1768, at which point true hard porcelain soon began to be manu-
factured in that country. In the late 1700s in England, Josiah Spode added
calcined ox bones to a porcelainlike fine stoneware body formula, producing
“bone china,” which is white, translucent, and very hard.

1.2.2  Pottery in the New World

In the Western Hemisphere the development of pottery proceeded indepen-
dent of that in the Old World, and from several apparently unrelated areas of
origin. As in the Old World, its beginnings in the New World archacological
record are broadly correlated with the transition to horticulture and sedentary
settlement in several regions after the end of the Pleistocene. But becanse
these developments themselves varied considerably in time and mode of oc-
- carrence, the association of pottery with them is general, not specific.
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Two facts are striking about the development of pottery in the New World
as compared with the Old. One is that its earliest appearance is considerably
fater in the New World, by five thousand years or so. Second, two of the hall-
marks of Old World ceramic production, glazes and the potter’s wheel, never
appeared in the pre-Columbian New World, nor were kilns ever widely used.

Surfaces of aboriginal vessels were covered by clay-rich slips rather than
glazes, although vitreous glaze paints were manufactured and used in the
Southwestern United States after A.D. 1000 (Shepard 1942a, 1965; DeAtley
1986). A shiny, lead-colored surface appeared on a widespread trade pottery
called “Plumbate” in Mesoamerica about A.D. 1000 and is sometimes mis-
takenly referred to by archaeologists as a glaze. The coating was actually a
clay-rich slip, however, its distinctive color and shine resulting from pecu-
liarities in composition and firing (Shepard 1948a), and although it is vitrified
in places it is not a true high-fired vitreous glaze. Similasly, potter’s wheels
were unknown in the New World. Although several devices {e.g., the kabal in
Yucatén [Thompson 1958] and the molde in Oaxaca [Foster 1959] were used
by potters to help turn the vessel during forming, the continuous, high-speed
rotation of the true wheel was not attained.

Probable pottery kilns have been identified in highland Mexico (Abascal
1975; Payne 1982) as well as a few other areas, and these were primarily used
after A.D. 500. In general, however, most New World pottery was fired in -
open bonfires rather than enclosed chambers. Firing temperatures were most
commonly in the range of 700 to 900°C (see Shepard 1976, 84, 87). Stone-
wares and porcelains were never manufactured in the New World because in |
the general absence of kilns the consistently high temperatures necessary for .
vitrification could not be attained, and thus all New World aboriginal pottery
falls into the category of terra-cottas or earthenwares. Glazes, wheels, and
kilns were introduced to the Americas in the sixteenth century by European
explorers and settlers.

Identification of the earliest pottery in the New World is a matter of some
disagreement. A very early complex of vessel forms and decorative style
from Valdivia, on the coast of Ecuador, dates to approximately 2500 B.C
(Meggers and Evans 1966). The pottery is similar in some general character
istics (chiefly decoration) to Jomon pottery from Japan. This has prompted
some speculation that a group of Japanese fishermen blown off course an
shipwrecked in this area may have managed to persuade or
habitants to make what was to be the first New World pottery.
excavations at the site revealed an earlier pottery style stratigraphically belo
the Jomon-like material (Bischoff and Viteri Gamboa 1972), so the Japanese- ;
origins hypotheses is at present given little credence.

The early development of pottery in other areas of the New World at ap
proximately the same time, 2500 to 2000 B.C. or earlier, also supports hy
potheses of indigenous development rather than diffusion. These areas of -
early pottery assemblages include the coast of Colombia (Reichel-Dolmatoff :
1961), Pacific coastal Mexico (Brush 1965), and the southeastern United
States (Sears and Griffin 1950). Relatively simple forms, often echoing the
shapes of gourds or stone bowls, were hand modeled and decorated with in-'
cising or, in Mexico, with a red wash or slip. Both the Colombian and the:
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southeastern United States examples were made of clay mixed with plant fi-
bers, stimulating hypotheses that they may represent interrelated technologies
resulting from population movements through the Caribbean islands (Bullen
and Stoltman 1972). :

From these beginnings, the next four thousand years of New World pottery
development reveal great elaboration of forms and decoration, particularly in
" polychrome painting. Architectural uses of clay varied from area to area.

- . Adobe bricks were commonly used in ceremonial buildings on the Peruvian

coast, beginning by the Initial Period (19001800 B.C.} at the northern site of
Las Haldas, whereas in the Andes highlands stone was more typically used. In
Mesoamerica stone was employed far more often than adobe; adobe bricks
were used in Late Formative period (ca. 900800 B.C.} ceremonial architec-
ture at Oaxaca (Flannery 1976, 24), and fired bricks are rare, being particu-
larly associated with a Late Classic (ca. aA.D. 600-900) lowland site of
" Comalcalco, in Tabasco, Mexico.

Lacking the wheel and kiln, New World potters were rarely able to attain
the same Ievels of technical achievement and standardized production as did
their stoneware- and porcelain-producing Old World contemporaries. In con-
sequence, the artistic and utilitarian excellence of their products, while en-
tirely the equal of Greek figured or Arretine pottery, is often denigrated as
“primitive” or simply ignored by Old World scholars. Yet outstanding ex-
amples of the potter’s craft are to be found all over the ancient New World.

In South America, from 200 B.C. to A.D. 700, Nazca (Proulx 1968) and
Moche (Donnan 1965) potters on the coast of Peru produced stirrup-spouted
vessels decorated with modeled and painted houses, animals, plants, and hu-
man faces so individualized as to suggest actual portraits (fig. 1.8). These
polychrome designs included red, black, brown, yellow, blue, green, pink,
and white colors. Other elaborate polychrome vessels, decorated with geo-
metric and stylized natural motifs, were made throughout the Andes up to the
coming of the Spaniards.

In Guatemala and Mexico, Maya potters of the Late Classic period civiliza-
tion, A.b. 600 to 900, produced a variety of bowls and vases with modeled
and painted decoration of exceptional technical skill (see Rice 1985). Cylin-
drical vessels and plates portrayed human and animal figures in a graceful
natural style, featuring mythical (fig. 1.9} and ritual scenes such as dances,
. processions, or royal audiences and often had brief glyphic texts that appar-
- -ently identified the persons, locations, or cvents represented (Coe 1973, 1978;
Robicsek and Hales 1981; Quirarte 1979). They were painted with subtly
toned pigments, often resist applied and underlying a sheer, glossy pale
orange slip. After about a.p. 1000, much of the pottery decoration from
Mexico through northern South America changed from multicolored designs
to combinations of red, black, and white painting. The Aztecs in central Mex-
- ico made and used an orange-paste pottery with painted decoration of fine
black lines.

Pueblo pottery in the Southwestern United States from a.p. 700 to 1300
(Dittert and Plog 1980) featured geometric and stylized life-form representa-
tions, with polychrome or black-and-white painted decoration (fig. 1.10). At
the same time, in the southeastern and south-central United States, sophisti-
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cated plastic decorative techniques, especially incising and modeling, rather
than painting were the outstanding modes of embellishment. Modeled heads
of dogs or birds were often added to rims of simple globular vessels, of the
vessels themselves might be in human or animal form, the features accented
by paint or incising (Rice and Cordell 1986).

The prehistoric pottery vessels made in the New World included the stan-
dard repertoire of cooking, serving, and storage vessels—plates, bowls, jars,
vases, cups—with local variations on shape and elaboration. In addition,
braziers, griddles for toasting tortillas or manioc cakes, and “chile grinders”
(bowls with incised interiors for grinding chile peppers) were common. Among
the more distinctive of the manufactures are pottery incense
Mesoamerica (fig. 1.11}, plain vases or bowls with elaborate modeled, orna
mented faces and figures of humans and gods (Caso and Bernal 1952). Ofte
two feet or more in height, these censers were painted in bright colors, an
openings were placed so that the smoke from the incense would emerge fro
the figure’s nose and tmouth. Huge urns were made in South America and use
for burials, the deceased being placed inside in a flexed or “fetal” position
elsewhere, smallér vessels were often used to hold cremated remains. Modele

- and moldmade figurines of humans and animals and elaborately formed an

Figure 1.8 (left) Moche portrait vessel, Penu. Peabody:
Muscum, Harvard University, photographed by Hillel;
Burger. Copyright by the President and Fellows of Har
vard College, 1985, all rights reserved.

Figure 1.9 (below) Interior of an Early Classic (a.
300-600) Maya polychrome powl from Belize, illustra
ing a myth in which the sun god, dressed in 2 deerski
(right), appears with a hummingbird and two vulty
while waiting to recover his wife, the moon goddess, w
has eloped with a vulre. The vessel is painted red;
orange, and black. After Hammond 1982, fig. 10.4.
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Figure 1.10 Zuiii jar, from New Mexico, cm. Fiorida State Museum, catalog number
painted in black and red on white; height 26 P-1861.

Figure 1.11 A Zapotec effigy urn from QOaxaca, Mex-
ico, depicting the god of rain and lightning. These urns,
which usually have a cylindrical vase behind the effigy
figure, are approximately 18-24 inches in height and
were placed in tombs during the Classic period (ca. A.D.
200-700). After Willey 1966, fig. 3-96,
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painted model houses, villages, groups of dancers, and so forth were often
found in burials in western Mexico. More utilitarian ceramic manufactures
included spindle whorls for spinning cotton fibers, net and line sinkers used in
fishing, pipes for smoking, and musical instruments such as whistles, drums,
and flutes.

In the carly years of the sixteenth century, Europeans arrived in the New
‘World and began exploring and colonizing the land and trading with its native
peoples. Their presence is marked by the distribution of Furopean ceramics
such as olive jars (Goggin 1970), majolicas (Lister and Lister 1982), stone-
wares, and porcelains as well as many nonceramic artifacts at missions, forts,
trading posts, and settlement locations throughout the Americas. The cen-
turies of European conquest of the native states and chiefdoms had variable
effects on the craft of pottery making. Despite the drastic social, demo-
graphic, and economic events associated with the conquest—famines, dis-
ease, settlement relocation, and depopulation—utilitarian pottery making
among the Incas, Mayas, and Aztecs continued virtually unchanged from
its pre-European pattern in terms of resources used, form, and decoration.
Gradually, however, by introducing the wheel, kilns, and glazes and by stimu-
Jating the local manufacture of glazed pottery and tiles for construction and
trade, the Spaniards and English transformed and Europeanized the organiza-
tion and products of the native ceramic craft in the Western Hemisphere.

1.3 Overview of Pottery Studies

Pottery has had a long and varied history of manufacture and use. This range
of ceramic products traditionally has been studied from a wide variety of
points of view, including artistic, aesthetic, archaeological, historical, classi-
ficatory, mechanical, mineralogical, and chemical. Appreciation of the aes-
thetic qualities of early Chinese porcelains stimulated Islamic potters to try to
reproduce them in the ninth century. The antiquarianism of the Renaissance
and post-Renaissance centuries fostered interest in collecting Greek and Ro-
man wares and an awareness of early civilizations and their achievements. Fi-
nally, mineralogical and chemical experiments by western European potiers
and scientists trying to imitate Far Eastern porcelains led to improvements in
their own manufactures, such as bone china. »

Modern archaeological studies have generally devoted a great deal of atten-
tion—in fact, disproportionate attention—to pottery in their reports, and this
is true for myriad reasons. First, pottery has a long history and is found in
virtually all parts of the world; its presence is rarely controlled by a particular
geological or environmental situation ot conditions of preservation. Second,
as a function of its physical properties, pottery is essentially nonperishable:
although a pot may break, the fragments (called sherds) are virtually inde-
structible. Third, unlike stone projectile points, which are attractive to collec-
tors and casily gathered for display in decorative “point board” arrangements,
sherds are not particularly appealing to pothunters (though unfortunately the -
same cannot be said of intact vessels). Hence the potsherds are less likely to
be selectively removed from sites.
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Figure 1.12 A tanga, or pottery pubic cover from
Brazil, painted in tones of dark brown on tan. After
Pabmatary 1950, plate 104d.

Fourth, in general pottery is not an exotic or highly valved good, like gold
or jade, restricted to the residences and tombs of the upper stratum of society.
Although certain kinds of pottery may be confined to elite, ceremonial, or
mortuary usage—porcelain headrests, figurines, tea jars, life-size statues—
pottery as a general artifact class is not so restricted. Pottery served very
ordinary, day-to-day functions in cooking, storage, and hygiene for all mem-
bers of society. Thus archaeologists and anthropologists have encountered 2
vatiety of goods made of fired clay, everything from ordinary bowls and jars to
baby bottles in Greece (Noble 1972), footscrapers in Pakistan (Rye and Evans
1976, plate 49b—3), and tangas (fig. 1.12) or female pubic coverings in Brazil
(Palmatary 1950, 327--328).

_ A final and perhaps most significant reason pottery has been useful to ar-
chacologists is its manufacturing method. Pottery is formed and informed:
pottery making is an additive process in which the successive steps are re-
corded in the final product. The shape, decoration, composition, and manu-
facturing methods of pottery thus reveal insights—Ilowly and lofty, sacred and
-profane—into human behavior and the history of civilizations. Potters’ choices
-of raw materials, shapes to be constructed, kinds of decoration, and location
“of ornamentation all stand revealed, as do cooking methods, refuse disposal
‘patterns, and occasional evidence of clamsiness and errors in judgment. The
sensitivity, spatial as well as temporal, of pottery to changes in such culturally
conditioned decisions has fed archacologists’ traditional dependency on this
‘material for defining prehistoric cultures and their interrelations.
“-Most modern archaeological studies of pottery are based on three ap-
-proaches: classification, decorative analyses, and compositional studies.
“Classificatory studies of pottery form and compare groupings of vessels or
sherds representative of a particular culture at a particular time. These group-
-ings are the basis for archacological dating and go back to the late nineteenth-
tury work of Sir Flinders Petrie in Egypt. Study of the decorative motifs
-and styles of pottery, whether expressed in painting or in plastic decoration
(incising, molding, appliqué), has always yielded insights into the lifeways of
a people as well as their aesthetic perceptions and ideological systems. The
third and growing focus of pottery study is technological analysis, which fo-
~cuses on the paste or composition of a ceramic rather than on the way it is
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decorated or shaped and on the properties conferred by that composition.
ists’ attention has increasingly turned to
g Third and Fourth World groups bein

Archaeologists” and anthropolog
pottery manufacture -and use amon:
rapidly acculturated during the twentieth century. In both hemispheres the tra
ditional craft of the potter, often a household livelihood passed down fio
generation to generation within a family, is suffering at the hands of moderni
zation. Plastic and metal utensils are relentiessly usurping the utilitarian func
tions of jars and bowls formerly made of clay, because these new material
ducts. Although traditional people ever
s more refreshing when cooled in
flavorful when cooked in an earthe

permit cheaper, more durable pro
where are likely to believe that water i
porous terra-cotta jar or beans are more
ware pot, indulging these preferences is more and more difficult as potte

abandon their craft to “progress.”

Modern ceramic industries, sensitive to the needs of a technologically o
ented society, now produce ovenware,
cooking utensils, plumbing fixtures, refractory brick for steel furnaces, den:
tures, and containers for radioactive waste. Meanwhile, the dwindling nu
bers of traditional potters turn to producing flowerpots, ashtrays, and fig
rines for a tourist market that too often has little appreciation for the dignity
and history of their craft. Fortunately,
ters and their products has not gone unrecognized, both as an aid to archaeo’
logical interpretation of the distant past and also in helping many peoples re;
cover part of their heritage before it is irretrievably lost. ;
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The Raw Materials of
Pottery Making

In an age that glorifies celestial mechanics, matters “of the carth, earthy”
have to be etherealized before they appeal to earthlings. . . . Water, air, and
fire—the admired constituents—can all be conceived as pure. But “‘pure
-earth” seems to be a contradiction in terms, earth being the one unpurifiable
element that sullies everything else. My subject being a turbid mixture of
-earth and pure water . . . I find the public preoccupation with unearthiy prob- ;
lems a little unrealistic; but it warns me not to try to make mud glamorous.

E. 8. Deevey, Jr., “In Defense of Mud”




Clays: Their Origin and
Definitions

~Of all the materials and processés. involved in making a pottery bowl or jar or
dish, the most important are clay and ifs manipulation. Hence a discussion of
pottery making must begin with the raw materials: with clays and their origin,
-composition, and properties.
- Clays are complex substances. It is of little use to minimize this complexity,
. for it is clays’ very diversity that enhances their desirability as raw material
-and leads to the variety of objects manufactured from them. Although anthro-
pologists and archaeologists have always had an interest in pottery, they have
-not consistently involved themselves in studying potters’ raw materials. Clays
are primarily studied by mineralogists, soil chemists, agronomists, ceramic
engineers, and geologists. Consequently the material has been defined and de-
scribed with respect to a variety of standards or properties that depend on the
~context and purpose of a given study. These definitions may focus on the ori-
gin of clays, on their chemical or mineral composition, or on their contempo-
y (commercial or industrial) usage. Each of these definitions involves a
constellation of properties and characteristics relating to that particular view
of the material. An understanding of clays as defined in all these ways will be
enhanced by a brief review of some principles of geolc}gf and geochemistry
that underlie the origins and properties of clays.

‘ .1 ‘Earth Materials

¢ planet Earth may be envisioned as a series of concentric zones—the core,
the surface, and the surrounding air. The core comprises three subzones, com-
posed of mixtures of iron, nickel, silicon, and magnesium,; it is over 6,000 km
thick, and its center is presumed to be molten and fluid. Overlying this core is
a‘thin (average 24-32 km) “crust” known as the lithospere (from Greek
lithos, “stone”), composed of rocks and sediments. Above the crust is the
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atmosphere, consisting of various gases, including oxygen. In studying clays,
the most important of these zones is the lithosphere, in terms of its composi-
tion and formation. :

The lithosphere or crust is composed -of elements such as silicon (Si),
aluminum (A1), and iron (Fe) (fig. 2.1). These elements do not exist as free
silicon or aluminum but instead are typically combined with other elements to
form compounds (see sec. 2.3.3). The most common of these compounds are
chemical combinations of elements with oxygen, the most abundant element
in exposed rocks, to form oxides. Table 2.1 shows the composition of the
carth’s crust in oxides of the most common elements. Oxygen also combines
with other elements such as carbon (C), sulfur (S), and hydrogen (H} to form
additional oxides that may be gases or liquids rather than solids: for example,
CO0O,, 80,, and B,O (water).

Elements, oxides, and other compounds combine in various ways to form
minerals. A mineral is a homogeneous solid with a characteristic chemical
composition and a regular ordered structure of its constituent atoms. This sys
tematic structural arrangement is referred to as the crystal structure, and al

Table 2.1 Composition of the Earth’s Crust
(Percentage by Weight)

SiG, 60.1
ALO, 15.6
Fe,0; 3.4
FeO 3.9
MgO © 35
Ca0O 5.1
Na203 39
K0 3.2
TiO, 1.0
P,0; 0.3

Source: After Masen 1966, chap. 3.

Figure 2.1 'Fhe periodic table of the elements, showing
element symbol and atomic rumber (upper left corner).
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CLAYS: THEIR ORIGIN AND DEFINITIONS

' minerals, because they exhibit one of several kinds of atomic ordering, are
~ said to be crystalline. Substances without these regular or periodic atomic ar-

_tangements are called amorphous.
* Minerals may be described or classified in many ways. In addition to their

- distinctive crystalline forms, characteristic properties of specific gravity,

hardness, fracture, luster, and color distinguish one mineral from another.
Some of these properties are visible to the unaided eye, while others can be
mcasured only with elaborate equipment. One can also distinguish rock-
forming minerals from ore minerals—those that can be processed to yield
iron ore, copper ore, gold ore, phosphate, and so forth.

In studying clays it is appropriate to focus on rock-forming minerals, be-
cause all clays are derived from rocks. The most common rock-forming min-
erals are silicates, that is, minerals with $iO, as a major part of their composi-
tion. Referring back to table 2.1, which shows the abundance of various
oxides in the earth’s crust, it is easy to see why the most abundant rocks are

. silicates of aluminum, magnesium, iron, calcium, sodium, and potassium.

Silicate minerals having these elements in their composition include feldspars
(see sec. 2.2), which compose 39% of the surface rock-forming minerals:
quartz (28%); clay minerals and micas (18%); and ferromagnesian silicates

. _(2%). Besides these silicates, another 9% of surface rock-forming minerals

are carbonates, which have CQ, as a major part of their composition.
“'Rocks are composed of minerals. Although some rocks comprise only one
kind, typically several minerals combine in a single rock. The constituent

" minerals of rocks may be described as either essential, that is, the major com-

ponents of the rock, or “accessory” minerals, minor components that occur
in small but distinctive amounts.

- The most usual classification of rocks is by their origin: the familiar igne-
ous, metamorphic, and sedimentary classes. Almost all rocks are ultimately
derived from igneous sources, however. Metamorphic rocks, for example, are
igneous rocks transformed by heat or intense pressure or both. Sedimentary
rocks are primarily the result of transport and redeposition of the products of
weathering of older igneous or metamorphic rock, though some kinds of sedi-
mentary rock are organic deposits formed by compaction of shells or diatoms.
Sedimentary rocks account for approximately 66% of the rocks in the conti-
nental surfaces of the earth (the lithosphere); of these, approximately 65% are
classed as mudrocks, which primarily comprise clay minerals and clay in silt-
sized particles (Blatt 1982, 5, 6).

Although potter’s clays are sediments, their origin is igneous rock, so it is
useful to understand something about the formation and compostion of igne-
ous materials. Igneous rocks (from Latin ignis, “fire”} are formed from
magma, ot molten silicate material under the earth’s crust. They are differenti-
ated into two principal categories, volcanic and plutonic, based on where the
molten material cooled. Volcanic rocks erupted or were extruded to the sur-
face as lava or ash, then cooled rapidly, forming typically fine-grained rocks.
Examples of volcanic rocks are basaits, obsidian, and pumice. Plutonic or in-
trusive rocks formed deep in the earth, cooled slowly, and are coarse-grained;
examples are granites and diorities.

Both volcanic and plutonic rocks may be further described by their chemi-
cal composition, on a continuum from acid to basic. Acid rocks (such as
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granites) are high in SiO, and have a light color and a low specific gravity
whereas basic rocks (such as basalts) have less Si0,, are dark in color an
heavy, and have a high specific gravity. The color and weight of basic rock
come from large quantities of iron and magnesium in the ferromagnesian or:
“mafic” (containing Mg and Fe) minerals.

Within this continuum of acid through basic igneous rocks, the rock
forming minerals—primarily with silicates as essential constituenis—may b
divided into several families. The most common of these are the feldspar
(also spelled felspars), followed by micas, amphiboles (e.g., hornblende)
pyroxenes (e.g., augite), and olivines. The distribution of these families
among acid versus basic rocks may be seen in table 2.2.

Because clays are formed by weathering, the relative resistance of rockst
disintegration and alteration by physical or chemical means is important ¢
the origins of clays. The most common rock-forming minerals, whether the
occur in volcanic rocks or have been altered by heat or pressure to form meta
morphic rocks, will undergo some changes through abrasion or chemical ac
tion. Their stability or susceptibility to such alteration varies with their com
position and texture. Table 2.3 lists eighteen common rock-forming mineral
in order of most resistant to least resistant to alteration.

Clays are products of the breakdown and decomposition of particul
kinds of silicate rocks: those containing a significant proportion of alumin
(A1,0;). In the list of minerals in table 2.3, olivine, augite, and hornblend
are the least resistant to decomposition and contain little A1,0,; olivine lack
alumina and therefore cannot alter into clay minerals. It is the high-alumin
minerals, principally micas and feldspars, that alter most quickly to clay. Bu

Table 2.2 Mineral Composition of Acid through Basic Rocks

Acid Intermediate

Quartz —
K-feldspar K-feldspar
(orthoclase) (orthoclase)
[Na/Ca feldspar] Na/Ca feldspar Na/Ca feldspar
(plagioclase) {plagioclase) (feldspar)
Mica [Mical —
—_ Hornblende [Homblende]
— [Augite] Augite
— — Olivine u

12
Source: Cardew 1969, 10. Brackets indicate that the mineral may or may not be present. Mineral
in parentheses are commen names for feldspars of varying composition.

Table 2.3 Rock-Forming Minerals in Order of Resistance to Alteration

. Quartz (most resistant) 10. Albite feldspar (Na/Ca)
Zircon 11. Oligoclase feldspar (Na/Ca)
Tourmaline 12. Andesine feldspar (Ca/Na)

. Magnetite 13. Anorthite feldspar (Ca)
Timenite 14. Apatite

Rutile 15. Biotite mica

. Muscovite mica 16. Hornblende (amphibole)

. Orthoclase feldspar (K) 17. Augite (pyroxene)

Gamet 18, Olivine (least resistant)

N
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" "even within these mineral families differences in stability are evident, as indi-
. cated by the relative positions of muscovite versus biotite mica and orthoclase
- (K-feldspar) versus anorthite (Ca-feldspar) in the series.

2.2 Feldspars, Weathering, and Clay Origins

Feldspar is the most abundant mineral in the earth’s crust, constituting 39% of
the rock-forming minerals of the surface. Feldspar is an alumina silicate; that
18, it consists of Si0, and AL,0,, with the relative proportion of SiO, varying
“from roughly 43% to 65%. Three additional elements—potassium (K), so-
dium (Na), and calcium (Ca)—are also present in feldspars in differing pro-
portions. These elements are responsible for the division of the mineral fam-
ily into potash or alkali feldspars (containing potassium; e.g., orthoclase and
“microcline), soda-lime feldspars (containing different relative quantities of
sodiuvm and calcivm; e.g., albite, oligoclase, andesine, labradorite, bytownite,
and anorthite), and lime feldspars (containing calcium; e.g.; anorthite). These
last, the soda-lime feldspars, are collectively called plagioclases.
Alkali felspars (orthoclase and albite) have relatively high percentages
~of silica and are characteristic of more acid rocks, occurring with quartz in
- granites, for example, whereas the calcic or plagioclase feldspars are charac-

~ tassium, sodium, and calcium in feldspars and in the clays that develop from |
“them helps determine the firing characteristics of the clays (see sec. 4.2.3).
These elements are also important in determining the weathering characteris-
‘tics of the feldspars and the products—clays and other minerals—that result
from such disintegration. During chemical weathering, in the presence of
- “water and free hydrogen ions, all the abundant minerals in igneous rocks ex-
cept guartz (and perhaps olivine) form clays. The products of such weathering
are clay minerals, alkali and alkaline earth cations, and silica in solution. Dif-
_ferent kinds of rocks and different kinds of decomposition produce different
- ‘kinds of clays, however.
- Decomposition or weathering of the rocks and minerals composing the
"“earth’s crust involves mechanical, chemical, and biochemical agents. In general
" ‘the surface weathering (or epigenic changes; see Grimshaw 1971, 39-43) can
'be described in terms of two processes: fragmentation, the mechanical disin-
" tegration of the rock; and hydrolysis, the chemical reactions of the minerals
with liquid solutions, forming new minerals. These two processes vary ac-
cording to climatic conditions and are especially responsive to temperature
“and rainfall. '
Physical mechanisms of fragmentation include abrasive forces such as
~wind, water (rainfall, flooding, percolating groundwater, wave or stream ac-
tion), or glacial ice as agents of rock decomposition and transport of fine par-
ticles. Both the mean temperature and the range of seasonal temperature
changes can also be important in the breakdown of rocks. For example, in
zones with extreme seasonality, the alternate freezing and melting of water
‘that penetrates cracks in a rock is a major cause of disintegration. The change
of water from a liquid to a solid at 0°C causes a 9 percent expansion in volume
at an equivalent force of up to 2,000 pounds per square inch.
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Chemical or hydrolytic weathering involves solution, hydration, and oxida-
tion processes in which chemical and biochemical agents such as organic or
humic acids and gases as well as algae, bacteria, and rootlet penetration all
play a part. All these actions take place in liquid solutions, which may be
dilute acids (carbonic or sulfuric), and result in mineral decomposition.

Depending upon the climate, one or another process may dominate. In cold
or dry climates fragmentation is predominant, chemical weathering and de-
composition being minimal. Mineral composition is altered relatively little,
the principal weathering products. being micas. In warm, humid environments
hydrolysis is the dominant weathering process: decomposition is largely a
function of temperature, rainfall, drainage, and leaching. Leaching and dis-
solution are accelerated by high rainfall and high temperatures, and these in-
fluence the plant cover; which in turn governs the acidity of the groundwater.
Plants release organic acids and CO, gas, which combines with moisture to
form carbonic acid, an important leaching agent. Thus leaching and chemical
weathering remove elements from the rocks in accordance with their refative
solubility (first sodium, then potassium, calcium, and magnesium), leaving
weathered products that are rich in relatively insoluble iron, silicon, and alu-
minum. The red, clayey, leached laterite soils of humid, tropical regions, as
well as the high-alumina minerals gibbsite and bauxite, are products of such
extreme hydrolysis.

2.3 Definitions of Clays

As noted above, clays are complex materials that are of practical use and aca-
demic interest in a variety of sciences and applied fields. For this reason clays
may be defined from several points of view, each highlighting a different, bu
equally important, aspect of the material. The term clay usually denotes 2
fine-grained carthy material that becomes plastic or malleable when mois-
tened. More specifically—and confusingly—clay refers to a particular group
of minerals, a category of rocks and soils in which these minerals predomi
nate, and a specific particle-size grade that constitutes the major fraction o
those minerals, rocks, and seils. The significance of these distinctions wil
become clearer as we examine five definitions or descriptions of clays, based
on the following characteristics: depositional situation, granulometry, chemi
cal composition, mineralogy, and commercial usage.

2.3.1 Depositional Situation of blays

Clays are sedimentary deposits that, in their geological age, are compara
tively recent accumulations of the products of weathering and disintegratio
of much older rocks (table 2.4). The depositional situation of clays—that is
the location of the decomposed material relative to the parent rock—is o
basis for classifying clays. By this criterion clays are either primary (als
called residual) or secondary (transported or sedimentary). In a sense, all:
clays are of secondary origin, because they are products of rock decompos
tion rather than of original rock formation processes. This is largely a seman
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'_["able 2.4 Processes of Origin of Clay Minerals

. Weathering of silicate minerals and rocks
. Weathering of clay minerals
. Diagenesis, reconstitution, and ion exchange
. Crystallization from solution
. Replacement by clay minerals
6. Hydrothermal alteration of minerals and rocks

Source: After Keller, 1964, table 1.

tic technicality, however, and understanding the origin of the clay deposit pro-
vides one basis for understanding many clay properties.
~Primary or residual clays are those deposits remaining in-more or less the
~ same location as the parent rock from which they developed. They are formed
by a series of hydrolytic reactions involving percolation of groundwater and
chemical action, plus other weathering factors (such as freezing). These clays
develop from many different kinds of rock, such as feldspathic rock, granite,
basalt, diorite, and volcanic ash or tuff; and even if the parent rock is sedi-
mentary {e.g., limestone or shale), the clay is still a primary clay if it occurs
near that parent. In the case of limestones, clays are usually present as detritus
. in the initial sediment during or before consolidation of the rock. They remain
" after weathering processes, and especially acidic solutions, have leached away
- the calcareous and carbonaceous material.

Because the alteration and decomposition of the parent rock, whatever its
composition, is not always complete, residual clays frequently contain coarse,
unaltered, angular fragments of the parent material. These minerals, which

" may constitute as much as 90% of the deposit, most commonly include
quartz, feldspar, mica, and pyrite. Primary clays usually have a low organic
content (less than 1%) and are often coarse and of low plasticity.
/_/Secondary, transported, or sedimentary clays are found in deposits or beds

/ some distance from a probable parent source, having been moved by waves,
tides, streams, wind, glaciation, erosion, or other forces. Transported clays
are more abundant than residual clays and may be more homogeneous, as well
as finer in texture, as a result of sorting and redeposition. They often have a
relatively high-—5% to 10%—organic content, which varies with deposi-
tional context. Sedimentary clays may be further categorized by the condi-
tions or methods of deposition and transport, such as marine clays, fluviatile
clays, lacustrine clays, aeolian clays, and glaciai clays.

Marine clays are probably the largest sedimentary clay deposits, formed

- when extremely fine clay particles in rivers were carried to their ultimate
destination and settled out after contact with and adsorption of the ions in

- brackish seawater. Marine clays may be subdivided into pelagic (deepwater

- deposits, usuaily extremely fine), littoral (coarse, organic-rich clays deposi-

- ted between the high- and low-water marks), and estuarine (also coarse,

* organic-rich materials, principally useful for structural products). Glacial
clays are generally coarse and unsorted, high in impurities, and useful for

- structural products or earthenwares. Lacustrine or swamp clays often occur in

* lenticular deposits, decreasing in fineness near the edges; they are often high

_in organic matter. Flint clays are stiff, organic-rich, low-plasticity clays de-
posited in swamps.
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2.3.2 Granulometry of Clays

Differences in formation and deposumn provide another means of deﬁmng
and understanding clays: granulometric—or particle-size grade—definitions.:
One of the most important characteristics of clays is their small particle size,
which is the source of their most salient property, plasticity (see sec. 3.2).
Generally, the smaller particles in the clay or the greater the quantity of the.
smallest particies, the more plastic the clay.

As defined in the fields of geology, soil science, and agriculture, as well as
the branches of engineering and the construction industry, “clay” refers to a
specific particle-size range; that is, particles smaller than about 2 micrometers:
{pem), or two-thousandths of a millimeter (0.002 mm} in diameter. This limit
is by no means absolute: the widely used Wentworth scale (Wentworth 192
1933) for classifying sediment particle sizes allows slightly larger particles:
within the clay range, setting the upper limit at 4 um (or 0.004 mm) (see.
fig. 2.2). The upper limit of 2 um seems to be almost a natural boundary
however, because numerous analyses of argillaceous (clayey) sediments have,
shown that clay minerals tend to be concentrated in a size fraction small
than 2 pm, while nonclay minerals rarely occur in particles this small (Grim,
1968, 2.

The extremely small particle size of clays gives them the properties an
behavior of colloids (see also sec. 3.4.2). The term colloid refers to a state in
which very fine particles (of a solid, liquid, or gas) are dispersed or suspended.
in another material (solid, liquid, or gas). Examples of the collotdal state i
clude fog (liquid dispersed in a gas), blood (solid in a liquid), and ﬁ;_am (gas,
in 2 liquid). Colloidal particles are extremely jigz, [ pom (0.001 mm) or less i

Coarse

Coarse

Silt Sand

Medium I Coarse i I Medivm | Goarse

Sand
Granule
Fi‘f\' Fina i Mead. i Coarse IV. Coarse

Sand

V. Finet Fing l Med.l Coarse [V. Coarse

Gravel

Particle Size {in mm.)

Figure 2.2 Six common standards for classification of particle sizes.
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" diameter; this is merely the lower range of the clay particle size, however, and
"not alk clay-size particles are also collmd—su\ré
" The proportion of clay-grade particles in a sediment varies depending upon
_-'__how the deposit was formed. Most argillaccous sediments contain a consider-
©ablé quantity of much coarser particles, either fragments of the original parent
~fock from which a primary or residual clay deposit weathered or particles
" picked up during transport of a secondary or sedimentary clay. The term
* “clay” is reserved in mechanical analyses of consolidated (rock) and uncon-
solidated (soil) sediments for materials in which the clay particle size grade
- predominates. Rocks or consolidated sediments dominated by clay-sized par-
tlcles are called mudrocks; these include claystone and shale.
¢ Frequently in soil anaiysés the relative mixture of clay-grade partlcles with
:_.l_arger particle sizes forms the, basis of descriptive categories such as “clay
loam,” “silty clay;”-and so forth (fig. 2.3). To be designated a clay by soil
scientists, the soil musticarry at least 35% of the fine particles less than
20:002 mm according to some classifications; by other schemes this fraction
miist be not less than 40%. Silty clay sediments contain 80% to 100% of their
composition as silt-sized (0.05-0.002 mm) and clay-sized particles in ap-
roximately equal proportions.
“The distribution of clays ,.Silty_clays, and clay loams in a region typically
ay be found on soil maps, which have been plotted by soil scientists and
gronomists. In most cases the scale of these maps is not sufficiently fine to
_pinpoint the precise location of clays suitable for pottery, however, and in
any areas modern construction prohibits access to particular deposits. None-
- theless, the maps give a general picture of the kinds of soils in an area and the
Jocales with some potential for yielding clayey resources.
 Fine-textured plastic clays are @b to be found as deposits in shallow, quiet
lakes, slow-flowing streams, or estuaries rather than as primary clays, al-
though some glacial clays may contain a variety of nonclay minerals in
extremely small particle sizes. Hydrothermal clays, which are formed by al-
ration through contact with hot— 100—300°C—often acid, mineralized so-
lutions, may have as little as 5% coarse particles (Grim 1968, 2). But for a
0il material to exhibit plasticity, that essential characteristic of clays, it may
‘contain as little as 15% of the fine particle size range.

'gﬁre 2.3 Ternary diagram of soils classification
by particle size.

clay

Clay loam\”ay \oa h 190

Silty loam o0

100% 90 80 70 60 50 40 30 20 10 ¢
sand
Percent sand
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2.3.3 Chemical Definitions of Clays

Another useful way to define and describe clays is by their chemical composi-
tion, Because clays are the end products of weathering of silicate rocks, most
are primarily composed of silica and alumina, the two chemical elements:
most resistant to weathering. Most clays may be described as hydrous alumi--
num silicates and are variants of the general (or theoretical) Lqrm\u}a_é'llQ}- .
28i0, * 2H,0 (table 2.5). The relative percentages of these three compo-
“nments—alumina, silica, and water—-vary considerably in different kinds of
clays. The average composition of silicate clays is 39.4% alumina, 46.6%
silica, and 13.91% water, but because different kinds of clays (or clay miner-
als) vary in atomic structure, the ratio of silica to alumina may range from 1:1°
to 4:1 or higher, and water may constitute as much as 30% to 35% of the.
clay body. ;

In addition to the silicate clays, another chemical group consists of the iron |
and aluminum hydrous oxide clays. These clays are particularly associated
with acid weathering in tropical and semitropical regions, and they represent.
the most advanced stage of alteration (laterization) of soil/rock material, |
Generally red or yellow, the hydrous oxide clays may be intermixed with sili-
cate clays and are represented by the formulas Fe,05 - xH,0 and ALO, - xH,0 |
(the amount of water of hydration in these clays is variable).

The distinctive properties of clays that are important for pottery manufac-.
ture and use result in large part from their chemical composition and struc-
ture, and it is useful to think of clays as composed of two kinds of “building |
blocks.” Each of the blocks is an arrangement of two of the three chemical |
components of clays—atoms of silicon combined with oxygen and atoms o
aluminum with several oxygens or hydroxyls (OH)—and the arrangement o
these units is indicated by the terms of the chemical formulas given above
These components of the clay structure exist as ions, which have electrica
charges that can be understood on the basis of the structure of individual
atoms,

Atoms of all elements consist of two major parts—a nucleus and an elec-
tron distribution—and each of these parts is electrically charged. The nucleus: 3
comprises positively charged protons (+) and uncharged neutrons that to- 4
gether give it a net positive electrical charge. Electrons have a negative charge
(=) and revolve around the nucleus in a series of nested orbits (also called
sheils or energy levels). Atoms are electrically neutral, bepause they have an
equal number of protons (+) and electrons (-).

Atoms having either two or eight electrons in their outermost orbit are elec-
trically stable and unreactive. If, however, there is any other number of elec-

Table 2.5 Ideal Chemical Formulas of the Clay|Minerals

Kaolinite
Halloysite

AbL(Si,05) |(OH),
AL(S,05) (OH), - 2H,0

N; .
(All.ﬁ'.' M::]'z)(sbos)z (OH},

AlZ—ngxKl—x—y(Sil.S-—yA]OAStVOS)Z (OH},
ALK(Si; 5Aly 505)> (OH),

Source: After Kingery, Bowen, and Uhlmann 1976, 7.

Montmerillonite

Ilkite
Mica
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-trons in the outer shell, the atom will tend to lose or gain one or more electrons
n-order to bring the total number to either two or eight and thereby aitain
‘eléctrical stability. This loss or gain of electrons transforms the atom from an
~electrically neutral or balanced state into a charged ion. A loss of one or more
electrons causes the atom to become a positive ion (called a cation), while the
“gain of one or more electrons changes the neutral atom into a negatively
charged ion (or anion). An ion that needs to gain or lose one electron to stabilize
*1ts outer shell is called a monovalent ion (e.g., Na't and K!'* are monovalent
'éé’tions, while Cl1'~ is a monovalent anion); an ion with two to gain or lose is
“divalent (e.g., Mg?*), and one with three is tervalent (e.g., A13*).
.- Because the transition from a neutral atom to a positive ion (cation) com-
monly involves losing electrons to eliminate an incomplete outermost energy
::level, the effective size (ionic radius; see table 3.1} of a cation is reduced
compared with that of a neutral atom of the same element) whenever a posi-
tive ion is formed. Conversely, the formation of a negative ion (anion) in-
volves filling this outermost shell, and thus negative ions increase in size com-
pared with neutral atoms. In general, cations are smaller than anions.
“The creation of positively and negatively charged ions by the sharing of
electrons between atoms produces stable chemical compounds—combinations
of one or more elements in definite proportions. This process of combination
‘often occurs when large anions are arranged in a close-packed structure, with
the smaller cations fitting into the spaces between.
<. With respect to the structure of clay particles specifically, aluminum and
ilicon are both cations (i.e., small and positively charged). Aluminum must

e three electrons to attain chemical and electrical stability (as A1°%), and

icon must lose four to become Si**. In clays, both these cations lose their
- electrons to oxygen atoms, each of which needs two electrons to complete its
~outer shell and become 0?~.

The form and arrangement of the silicon and aluminum cations with the
~oxygen (or hydroxyl) anions is distinctive. Silicon combines with oxygen to
~form tetrahedrons consisting of the small central silicon cation surrounded by

our larger oxygen atoms equally spaced around it (fig. 2.4a). This silicon-
ygen tetrahedron is the basic building block of all silicate rocks. In clays
the tetrahedrons typicatly join together in sheets by sharing oxygen atoms at
their “corners.” This occurs because in the transfer of four silicon electrons to
our oxygen atoms, the oxygen atoms’ electrical charge requirements are not
atisfied, since four oxygens require eight electrons to become 0?2~ ions. To
'(_:hieve electrical completion, the oxygens in one tetrahedron bind with four
xygens at the bases of five additional tetrahedrons, forming hexagonal rings
f tetrahedrons (fig. 2.4b,c). This process repeats indefinitely, forming a

heetlike structure composed of hexagons.
. Similarly, aluminum cations form octahedrons with two oxygens and four
iydroxyls equidistantly spaced around the aluminum (fig. 2.5). Because alu-
minum is tervalent, giving only half a charge to each of the six other particles,
t is still electrically unsatisfied. As a result, alumina octahedrons join to each
er by sharing the corner oxygens and hydroxyls to form sheetlike layers as

‘sandwiches’ of stacked layers of alternate sheets of alumina octahedrons and
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silica tetrahedrons, which are weakly bound to each other by sharing oxygens
between the two layers (see sec. 2.3.4). This flat, sheetlike crystalline struc-
ture, with weak bonding between the layers, results in the lamellar, platelet
shape of the particles of many clays and their easy cleavage.

This configuration is the theoretical or compositional ideal structure of a
pure silicate clay. It may be confounded, however, because silicon and alumi-
num, the basic cations of these tetra- and octahedral arrangements, can be
replaced by other elements to varying degrees. For example, Mg?*, Fe*, or
Fe** may replace A1**, or AI** may replace Sitt, owing to satisfaction of
electrical charge requirements or similarities of sizes of the ions (ionic radii).
These cations can then “fit” between the oxygens and hydroxyls. It is this
compositional complexity that gives rise to the many different kinds of clays—
approximately fifty clay mineral “species.”

In addition, because the edges of the clay particles are unsatisfied elec-
trically, they tend to bond readily with other elements. This tendency, along
with the attached elements themselves, plays a significant role in the behavior
and properties of individual clays. Elements such as iron, titanium, calcium,
sodium, and magnesium may substitute within the atomic structare of differ-
ent clays, or they may be bonded to the particles as impurities in the form of
oxides of soluble salts to satisfy electrical charge requirements. These ele-

[ Silicon

O Oxygen

Figure 2.4 The configuration of silica: a, b, ¢, the hexagonal arrangement of silic
tetrahedral arrangement of silicon and oxygen; tetrahedrons. ’

. Aluminum

O Hydroxy!
O Oxygen

Figure 2.5 The octahedral arrangement of aluminum, oxygen, and hydroxyls.




CLAYS: THEIR ORIGIN AND DEFINITIONS

ments and compounds, plus carbon compounds, are common as trace or
minor constituents in clays and can significantly affect their properties (see
“chaps. 3 and 4).

2.3.4 Mineralogical Definitions of Clays

Despite the long history of clay use, the knowledge that clays are minerals
was achieved rather recently. For a long time it was thought that all clays were
d single substance very similar to what is now known as kaolinite. This mate-
rial was thought to exist in particles invisible to the naked eye, and clays were
considered to be amorphous (noncrystalline) colloid-sized particles. Varia-
tions in the properties of clays and soils were believed to be a consequence of
impurities in this kaolinite-like product {Ashiey 1909; Grim 1968, 13-18).

Then, beginning in the 1920s, a series of studies used improved techniques
to examine the structure and properties of the microscopic. particles (Rinne
1924). Optical petrography and especially X-ray diffraction (see secs. 13.2.1
and 13.2.2) revealed that clays are extremely fine crystalline solids rather than
‘amorphous materials, and that they have a definite internal structure and ar-
rangement of atoms (Hendricks 1942; Brindley, ed. 1951, 1961). This inter-
nal structure in most clays comes primarily from the layered arrangement of
-sheets of silica tetrahedrons and alumina octahedrons described above (though
niot all clays have this structure). By the early 1930s the clay-mineral concept
was firmly established, following publication of works on clay mineralogy
and efforts at classification of the minerals (see Ries 1927; Ross 1928; Ross
and Kerr 1931a; Grim 1939, 1950, 1965; Keller 1964; Rich and Kunze 1964;
Keeling 1965).

It is now known that there are many kinds of clay minerals, and imposing
an orderly classification has proved extraordinarily difficult. No consensus
has been achieved among clay mineralogists on a satisfactory taxonomy, or
even on the most appropriate criteria for creating one, although crystalline
structure and properties (shape, expandability) have been most commonly
used. The classification problem is complicated because there seem to be

transitional” clays with properties intermediate between one clay mineral

tegory and another. This suggests that clays vary on a continuum and can-
ot easily be divided into discrete categories. What follows here is an effort to
simplify this complexity and discuss some of the major or most commonly
dccepted categories of clay minerals (see Brindley et al. 1951; Grim 1965;
Milot 1979).
“Most of the major clay minerals or mineral groups fall into the category of
layered silicates or phyllosilicates (from Greek phylion, “leaf”), although a
nuimber of important minerals have a chain or lath type of structure (table 2.6).
Additicnally, a small group of clay minerals (the allophane minerals) are non-
crystalline and amorphous to X-ray diffraction, making them very difficult to
‘analyze. Because they are not common or well known, they will not be further
reated here, and attention is given principally to the phyllosilicates and
hain-structure clay minerals. Table 2.7 summarizes some of their important
properties.




Table 2.6 Classification of the Major Clay Minerals

L. Phyliosilicates (layered structure) clays
A. Two-layer clays
1. Kaolin group
a. Kaolinite
b. Nagcrite
c. Dickite
2. Halloysite group
B. Three-layer clays
1. Expanding lattice clays
&. Smectite group
i. Montmorillonite
ii. Bentonite
iit. Beidellite
iv. Saponite, stevensite
v. Nontronite
vi. Sauconite
b. Vermicalite group
2. Nonexpanding lattice clays
a, Illite group
i, Illite
ii, Glauconite
C. Mixed-layer clays (mica structure)
1. Chlorite group
- Hydrous-magnesian clays (lath or chain structure)
A. Attapulgite, palygorskite
B. Sepiolite

Table 2.7 Properties of Some Clay Minerals

Smectites Chlorites,

Property

Kaolinite

(Montmorilionite)

Mlite

Hydrous Micas

Qccurrence

Type

Particle size and
shape

Plasticity
Shrinkage

Fired color
Refractoriness

Other

Highly weathered,
especially by acid
leaching; wide-
spread; occurs as
primary and second-
ary clays

Two-layer

Relatively large
hexagonal plates,
0.3 pm-0.01 zm
diameter
Sedimentary—
good; residual—low
Low
Sedimentary—
sometimes white;
residual —variable
High, 1710°C

Sometimes has
natural luster

Not heavily weath-
ered; especially
characteristic of
arid and alkaline
environments

Three-layer
expanding _
Very small and

Especially in marine
and calcareous
sediments

Three-layer
nonexpanding
Small, thick,

poorly defined;
much less than
1 pm diameter
Very good

poorly defined A

Good

High —
Variable—cream, Variable
red, light brown

Moderate,
1350-1450°C
High base ex-
change, high ab-
sorption, low luster

Low, 1000-1300°C

Natural luster,
good for slips

Commonly mix
with other clays

Mixed layer

Variable and poo
defined

1200-1500°C
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1 PHYLLOSILICATES
yHosilicates or layered silicates consist of a regular ordering of layers
he silica and alumina structural components as described above. Differ-
nces in: the arrangement of these layers, plus substitutions of various cations
of the-aluminum, provide the basis for three major subdivisions within this
arger group. One division is the two-layer clays, which have one layer
f silica tetrahedrons and one layer of alumina octahedrons; these include
aolinites and halloysites. A second group consists of the three-layer clays,
vhich have one layer of alumina octahedrons sandwiched between two sheets
silica tetrahedrons, These may be further divided into expanding-lattice
lays (smectites and vermiculites) and nonexpanding-lattice clays (illites).
1¢ third subdivision is the mixed-layer clays, the chlorite group, which have
It nating layers of different types stacked on top of each other.
4.1:1 Kaolin Group. Clays of the kaolin group are composed principally
e clay mineral kaolinite (Ross and Kerr 1931b; Gruner 1932; Brindley
nd Robinson 1946). The name kaolin is believed to come from Chinese kao
in or kau ling, “‘high hill,” designating a locale near Jau Chou in Hangxi
Kiangsi) Province, where white clay for porcelains was obtained. The use of
term kaolinite began in 1867,

Kaolinite represents an advanced stage of weathering of the parent mate-
ial, usually an acid rock such as a pegmatite (granitic rocks high in feldspar

d quartz) or micaceous schist. The mineral is most often formed in warm

pical or subtropical regions with high rainfall and good soil drainage, re-
ulting in acid leaching, which removes most elements-—especially bases
uch as calcium, magnesium, iron, sodium, and potassium—except silicon

l'aluminum from the parent. Kaolinite is generally high in alumina, which
ften exists in a ratio of two to one with silica. The mineral is described by the
dealized formula A1,O; - 25i0, - 2H,0 and has an average chemical com-
position of 39.4% alumina, 46.6% silica, and 13.9% water. When weathering
eaching are extreme, especially in tropical equatorial regions, even more
ilica is removed, forming the hydrous oxide clays and deposits of the high-
umina minerals bauxite and gibbsite.
“;Kaolinite particles usually occur as flat hexagonat plates (fig. 2.6) of mod-
rate to large size, ranging in diameter from 0.3 m to 0.01 mm and approxi-
mately 0.05 wm thick. Their two-layer silica-alamina structure (fig. 2.7)
nvolves a relatively strong bond, providing little opportunity for cation sub-
tltutlons in the structure {low base exchage capacity), and therefore the com-
sosition and properties of kaolinites are relatively constant.

Kaolin clays may exist as residual or sedimentary deposits, and they are
vidéspread in temperate and tropical zones. Residual kaolin clays are usu-
illy low in plasticity, coarse, and full of impurities, chiefly remnants of the
arent rock, including partially decomposed feldspar and unaltered rock min-
rals. Sedimentary kaolins usually benefit from sorting during transport and
leposition, which eliminates impurities and makes them finer grained. De-
pending upon the location of the deposit, however, the sediment may be
ighly organic {e.g., lacustrine deposits).

In ancient sediments, kaolinite is abundant in clays of fluviatile origin and
carshore deposition. In modern soils, kaolinite minerals are common in red
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Figure 2.6  Platelets of kaolin clay, as seen in
a scanning electron microscope under 3,700x
magnification. Although individual particles
may be less than half 2 micron thick, they fre-
guently occur as stacks of platelets that require

mixing to break apart and bring about good
plasticity. Reproduced with permission from
W.D. Kingery and P. Vandiver, Ceramic
Masterpieces: Art, Structure and Technology
(New York: Free Press, 1986), fig. 1.8.

and gray, usually acidic, podsols and laterites. Alkaline or calcareous (e.g.,
limestone-derived) sediments tend not to include kaolinite, and calcium may
inhibit the formation of the mineral (Millot 1942, cited in Gring 1968, 548).

Certain kinds of kaolin clays, primarily sedimentary deposits, are rela-
tively free of impurities such as iron and other colorants, and they fire to a
white color. These deposits are industrially important for paper sizing (nearly
one-third the weight of slick-paper magazines is kaolinite; Mason and Berry
1968, 443), vitreous plumbing fixtures, and china tableware. Indeed, kaolin
clays are often called “china clays” (though this term usually refers more spe-
cifically to primary kaolin deposits). China clays are typically refractory, very
low in impurities, low in plasticity, and have comparatively large particle
sizes, averaging 0.6 to 1.0 um (Cardew 1969, 20). Among the white-firing
kaolin deposits that are commercially significant today are the deep residual
kaolins formed from hydrothermal alteration of granites in Cornwall, En-
gland, and the plastic, sedimentary kaolins of South Carolina, Georgia, and
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Montmorillonite Mica
(hydrated) {muscovite)

@ Hydroxyl ® Silicon © Si-Al.

@ Al-Mg. OPotasslum

gure 2.7 The layer structure of kaolinite, layers, and average lattice constants (the dis-
ntmorillonite, and mica, showing the posi-  tapce between repeated layers). After Kingery,
~of common cation substitutions, water Bowen, and Uhimann 1976, fig, 2.35.

rida, formed by erosion of kaolinized granite and subsequent transport and
leposition of the kaolin.
From the viewpoint of ceramics, kaolin clays are extremely important be-
se kaolinite is a common clay mineral and thus very widespread, and be-
I5¢ some of the material fires to a white color. Because of their high
lsmina content and resistance to absorbing impurities, they are relatively re-
ctory (that is, they do not melt at low temperatures). Their large particle
‘makes them rather low in plasticity, and they aiso have a low drying
inkage. Products formed of kaolinite clays may attain a high natural luster
vithout polishing.
Halloysite, the second major mineral category in the two-layer group, has
e irregularity in the stacking of its silica and alumina layers, leading to
t¢ water in the mineral structure and a tendency for the thin platelets of
loysite to be curved or rolied into tubelike forms. Halloysite has been
ound-to develop fairly rapidly from volcanic ash as recent as four thousand
ears old in tropical environments (Hay 1960). Like the other two kaolin
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group minerals, nacrite and dickite, halloysite tends to be formed by hydro-
thermal action.
2.3.4.1.2 Smectite Group. The smectite clay group, previously referred to

as montmorillonite (the most common member, named in 1948 after Mont-

morillon, France), is one of two categories of clay minerals having a three-
layer structure (Ross and Hendricks 1945). Many interesting properties result
from tHis three-layer structure and make these clays valuable in a variety of
commercial applications.

Smectites comprise units of two sheets of silica tetrahedrons separated by
an intermediate layer of alumina octahedrons, all joined by loose bonds. The
silica tetrahedrons are oriented in both sides of the “sandwich” with three cor-
ners outward and a single point directed inward toward the alumina layer.
Thus, in joining with the alumina octahedrons, bonding occurs only between
the oxygen tips of the silica tetrahedrons and the oxygen tips of the alumina
octahedrons; the hydroxyls remain unbonded and electrically unsatisfied. Ad-
ditionally, only a weak bond exists between one three-layer silica-alumina-
silica unit and the next one stacked on top of it. As a result, water molecules
and atoms of a variety of elements can easily penetrate the spaces between
these unit layers (fig. 2.7). This makes the layers expand, cleave apart, or
simply adsorb additional ions with ease, a property known as high “base ex-
change” (Foster 1953; Brown and Stephen 1959). In most of the smectites this

expandability is present only in the structure of the mineral, whereas in
bentonite clays the actual clay volume swells to a degree visible to the naked |

eye. Bentonites are highly absorbent and are often used commercially as de-
colorizers, and as clarifiers and stabilizers in wine production.

Smectites are formed chiefly by alteration of basic rocks and minerals high
in calcium, magnesium, and iron, such as basalts and calcic plagioclases, or
by decomposition of volcanic ash. They are formed under conditions of rela-
tively poor drainage, reduction, low rainfall, and leaching, and when bases
such as magnesium, iron, calcium, sodium, and potassium are relatively
abundant in the zone of weathering. Smectites tend to be common in recent
sediments and are major components of soils in arid regions. They are largely
absent from many ancient (pre-Mesozoic) sediments. They are not as highly
weathered as kaolinites; in fact alteration—especially the leaching that occurs
under conditions of high rainfall, high temperature, and good drainage—will
remove bases and so transform smectites into kaolinites. Chemically, smectites
have a higher ratio of silica to alumina (on the order of four to one) and more

of the alkali metal elements (lithium, sodium, potassium, rubidium, and |

cesium). The lower proportion of alumina makes them less refractory (i.e.,
they will melt at lower temperatures) and more fusible than the kaolin clays.

The theoretical composition of smectites is 66.7% silica, 28.3% alumina,
and 5% water. Because of the water adsorption and substitutions within the
lattice structure, however, the theoretical formula virtually always differs from
the actual chemical composition. The most common substitutions for the
major cations in montmorillonite are A1°* and P°* for Si**, and Mg?*,
Fe2*: 3+, Zn?*, Ni?*, or Li'* for A13* (Grim 1968, 83). If these substitutions
are extensive, the result is a completely different clay mineral. Replacement




CLAYs: THEIR ORIGIN AND DEFINITIONS

A1** by Mg?* yields saponite, and replacement by Fe** yields nontronite,
both of which have a lathlike steucture. Substitution of Zn?* for AP+ yields
=udomte while replacement of Si** by A1°* yields beidellite.
+As with kaolinites, smectite particles are thin and platy, but they do not
xhibit the regular hexagonal shape of kaolinite crystals. In addition, the par-
cles-of smectites are considerably smaller than kaolinite particles, ranging
0m 0.05 pm to 1 wm in diameter. Because of this small particle size, smectite
lays are usually very plastic and “sticky.” In terms of their behavior in pot-
ry making, these fine particles plus their tendency to adsorb water between
e layers means that the clays usually have high shrinkage, often cracking as
ey.dry. Also, the fineness may give them the characteristics of colloids, and
lis plus their open lattice structure—which confers a considerable capacity
or. adsorbing other ions (e.g., colorants)-——makes them useful for paints or
lips. Smectites generally do not attain high luster.
‘A ¢clay mineral related to the smectltes is vermlcuhte {Walker 1961), named
1824 from the Latin vermiculus, “worm,” because vermiculite particles,
hen heated, look like small worms. Vermiculites are similar to smectites in
ing an expanding lattice, but their expansion is not as great as that of
mectites. This may be partly because vermiculites occur in larger particle
izes, and there is less randomness in the ordering of the layers of the particles
im 1968, 111). Because they expand to become light and porous, ver-
ulite clays are useful in industry as insulation material and as fillers in

4.1.3  Illite Group. The second major group of three-layer clays (besides
tites and related vermiculites) is the illite group (Gaudette, Eades, and
tim 1966), named in 1937 for the state of Illinois. 1llite clay minerals have
ctures similar to those of well-crystallized micas (fig. 2.7; Bradley and
tn'1961), and these in turn are very similar to those of smectites. In the
lite clays, however, about one-sixth of the silicon is replaced by aluminum,
ing to a charge deficiency that is balanced chiefly by potassium (K'*), but
so by Ca?*, Mg?*, and H'*. This charge deficiency is primarily in the outer
lica Jayers of the unit structure and therefore close to the surface, rather than
e interior alumina layer as it is in smectites. It is largely for this reason
 the illite clays are nonexpanding. Like smectites, illite mineral particles
cur in poorly defined flakes of very small sizes, but they are thicker and
t than smectites, with diameters ranging between 0.1 um and 0.3 um.
e fineness of these illite clays, and their tendency to have a natural luster,
es them useful for pottery slips. Slips on two famous categories of ar-
eoioglcal pottery, Greek black-figure ware and Arretine/ Sam1an ware,
te manufactured from illite clays (see sec. 1.2.1.3).
Ilite clays are particularly characteristic of marine deposits, especially off-
re or in deep water. There is some evidence that these minerals are formed
e by diagencsis, an in-place physical and chemical alteration that converts
imentary deposits to rock. Alternatively, their existence may relate more
tly to the weathering and deposition: of these sediments. In the alkaline
arine environment, illite may form from the alteration of kaolinites and
ectites, owing to the absence of leaching and the presence of ions of cal-
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cium, potassium, and magnesium. In other situations illites may alter to smec-
tites over thousands of years. Illites seem to be the most common clay miner-
als in calcareous sediments.

Glauconite is an unusual mineral that may be classed as part of the illite
group or the chlorite group (see below). Formed during nearshore or shallow-
water marine diagenesis, its formation is enhanced by organic and calcareous
material as well as potassium, and it may be a product of alteration of biotite
as well as other minerals.
2.3.4.1.4 Chlorite Group. The chlorite clay minerals (Brindley 1961) are
mixed-layer minerals colored light green by ferrous iron (Fe?*). The name
chlorite was first used about 1800 and comes from the Greek chloros, ““green.”
Chlorites comprise alternating micalike biotite layers (see Illite Group, above)
and “brucite” layers of magnesium-aluminum hydroxide. There are a num-
ber of variants within this group that arise from partial substitution of Fe?*
and Mn?* for Mg?* and from Fe?* or Cr** partially replacing A13*, all in the
brucite layer. Chlorites are highly susceptible to destruction, are commonly
mixed in small amounts with other clay minerals, and are often difficult to
identify.

2.3.4.2 LATH-STRUCTURE CLAYS

The lath-structure hydrous-magnesian clays have a chainlike rather than
sheetlike arrangement of silica tetrahedrons, and the octahedrons contain
magnesium atoms surrounded by oxygens and hydroxyls. These lathlike or
fibrous minerals fall into two groups, the attapulgite-palygorskite group and
the sepiolite group. They frequently occur mixed with other clay minerals as
well as in calcareous material, and they are easily destroyed by acid solutions,
making them difficult to isolate and study. The lath-structure clay minerals are
typically associated with soils of arid and desert regions, and they are also
weathering products of basalts.

2.3.4.2.1 Attapulgite-Palygorskite Group. Attapulgite was identified in
1935 in fuller’s earth from Attapulgus, southern Georgia. Magnesium ions in
the octahedral units in this mineral are replaced to a considerable degree by
aluminum. Attapulgite occurs as laths and bundles of laths, usually several
microns long, often bent and tangled. These clays are highly absorbent and |
are used commercially as decolorants as well as ingredients in antidiarrheal
preparations.

Palygorskite is intermediate in composition between attapulgite and sepio-
lite, with some replacement of magnesium by aluminum, but this substitution
is not as extreme as in attapulgite.
2.3.4.2.2 Sepiolite Group. Sepiolite is a light mineral named in 1847 from
the Greek sepion, meaning cuttlebone or cuttlefish. It has often been equated
with meerschaum, the light-colored and lightweight material used to make to-
bacco pipe bowls. Sepiolite occurs in laths that are thicker, shorter, and more
densely packed than those of attapulgite.

2.3.5 Commercial Uses of Clays

Clays may also be categorized by their modern industrial or commercial uses,
a system of classification that cuts across the former clay classes based on
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‘mineralogy and depositional context. Clays are used for a staggering variety
--of products and purposes beyond their well-known functions as tableware,
tiles, bricks, pipes, and plumbing fixtures. Some of the other uses have been
mentioned above in connection with specific minerals: clays may be used in
‘insulation, medication, decolorants, concrete filler, and paper sizing. In addi-
‘tion, clays or ceramic materials are employed as furnace linings, filters,
- “agents in dry cleaning, drilling lubricants, and a wide variety of goods from
‘spark plugs to dentures to porcelain hand grenades.

" The major commercial categories of clays are ball clays, refractory c]ays

“and heavy clay products (also known as building or structural) clays, although
‘other uses and descriptive terms, including stoneware clays, fire clays, china
‘clays, and flint clays, are common in the literature (see Grimshaw 1971,

2290-311).

Ball clays are important in the manufacture of whitewares, which include
hina tableware, tiles, and sanitary ware. These clays are composed princi-
ally of the clay mineral kaolinite, although some may contain smectites and
llites. Ball clays usually have 40% to 60% silica and 30% alumina, In addi-
ion, they include significant amounts (5% or more) of organic material and
oluble salts, the organic material making them gray or black in the unfired

te. Ball clays are very fine textured, highly plastic, secondary clays that are

usually water transported and deposited in lakes or swamps, and they fire to a

white or cream color. They usually have a fairly high drying shrinkage yet are

strong when dried but unfired (Holdridge 1956), a property called green
strength. Ball clays typically are not used alone but are added to a mixture to
mprove its working properties.

Refractory clays have a melting point above 1,600°C. They are usually re-

ual kaolinites that are high in alumina—over 30% of their composition in

st cases—and low in alkali impurities, which act as fluxes, lowering the

ltihg and vitrification point. Some refractory clays are also called fire

- clays.-Refractory clays are used for furnace linings, high-temperature brick,
other industrial products that must withstand high temperatures.

A third important use category is “building clay” or “heavy clay products

Y, used for structural products such as bricks, roof tiles, and sewer pipes.

clays are generally red firing, as a consequence of an iron content of 3%

8%,-and they may be high in impurities such as calcium and magnesium,

h act as fluxes. Usually coarse textured and variable in plasticity, struc-

clays are associated with a variety of poorly sorted primary and second-
sits, including fluviatile and glacial clays and surface clay soils.

ufnctional Definitions of Clays

thropologists or archaeologists studying pottery, these issues of deposi-
context, particle size, chemical structure, and mineralogical composi-
-essential in a way, but in another sense they are of little importance.
ificance of these different viewpoints depends on the questions being
‘Chemical or mineralogical data on clays are not informative unless re-
pestions are framed so that chemistry and mineralogy can provide
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To answer the crucial question, What is a clay? it is helpful to look at con-
temporary, nonindustrialized peasant or traditional potters who produce their
wares under relatively simple conditions, frequently without a wheel or kiln
(see chap. 5). Although these potters often demonstrate considerable exper-
tise in selecting their materials and modifying them for use, their require-
ments for a usable clay are also much less rigorous than those of modern in-
dustry. For the most part, traditional potters must choose and use what is
available. They may be very selective when a wide spectrum of resources is
available, recognizing special and desirable properties, but their criteria and
limitations are not those of twentieth-century Western science and industry.
Most noncraft or nonindustrial potter’s clays are not “pure” in either a miner-
alogical or a granulometric sense: they may be surface clay soils; they may
consist of a mixture of interlayered clay minerals; and they do not have all the
coarse, nonclay material separated out from them. Traditional potters have a
number of ways to purify and increase the fineness of their clays, such as
crushing, sifting, or levigation, but in general their materials are highly im-
pure and contain a variety of substances besides clay minerals or clay-sized
particles.

It is entirely likely that the conditions current among modern village potters
also obtained in prehistory. Furthermore, in studying ancient pottery, we must
remember that firing clays usually destroys their mineral structure, rendering
them unidentifiable. Thus archaeologists studying ancient potsherds may find
ceramic technological research futile if questions are based solely on clay
mineral (or chemical) identifications.

Presenting the varied definitions of clays illustrates why archaeologists and
anthropologists seeking assistance from geologists, mineralogists, or ceramic
engineers in understanding the properties of potters’ resources should be
aware of different approaches to the same topic. Chemists, mineralogists, ge-
ologists, and engineers may define what is or is not a clay based on strict defi-
nitions of particle size, mineral composition, or potential for commercial use.
They may be skeptical when asked to analyze a clay sample collected from an
archaeological survey area.

Functionally, however, in terms of selection and use by potters in the eth-
nographic present, clays may be defined solely by their most important prop-
erty, plasticity. Plasticity (see sec. 3.2), the property that allows wet clay to be
shaped by pressure, is the fundamental, pragmatic, and operational criterion
in identifying a clay for the purposes of traditional potters and .anthropolo-
gists, regardless of chemical, mineralogical, or particulate character. Because
prehistoric potters could not select or reject resources strictly on the basis of
their being smectite rather than kaolinite minerals, or being 5 um in diameter
rather than 1 um, these technical distinctions are generally not of primary
interest. The ultimate concern in making clay vessels is a material’s plasticity
or workability. (An important exception to this generalization, of course, is
the use of particular substances for paints or slips, in which plasticity per se is
not the primary consideration.) Thus most of the discussion in this book, un-
less otherwise specified, focuses on what might be called “natural” clays: clay
materials that can be worked and shaped into a desired form.

On the other hand, for some analytical purposes technical properties may
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f the highest significance to anthropologists and archaeologists. Mineral
s'ition, chemical composition, particle size, and such, determine the
cteristics that did influence prehistoric potters’ selection—workability,
age, strength, thermal shock resistance, and color development. Thus
ese. properties of clays provide the basic limits of variability within which/
must seek answers to questions that interest anthropologists—questig 5
"rhing resource selection, production, and function. So while ancient
contemporary village potters may not knowingly select smectite clays,

y may select for some of the properties of smectite clays, such as absorp-
and plasticity. Similarly, it may be of little use to obtain an ultimate
ical analysis of a given clay, because most clay deposits differ chemically
each other as well as varying internally within a single deposit. Yet
ving:the role of high alumina content (as a refractory) or high alkaline

ntent (as a flux) will be significant in understanding the behavior of particu-
ay sediments in pottery manufacture.

The point is that chemical, mineralogical, or granulometric analyses should
¢ undertaken as pro forma descriptive techniques; rather, they should be
ucted with a very clear idea of what kind of information they can and

provide about the pottery or resources of interest (chaps, 12-14). It is
he composition itself, then, but the properties it confers that are of inter-
5t in‘the study of pottery, whether ancient or contemporary. In looking for
i'in-ceramic study as in other areas of research, it is important not to
hit-of the questions.
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A number of characteristics of clays are significant to potters because they
determine whether the clays can be easily and safely formed, dried, and fired
into durable containers or other objects. These qualities vary among the clay
mineral groups and are in part the bases for some of the industrial or commer-
cial use classifications of clays. The most fundamental property of a clay is its
plasticity, which is in turn founded on the idea of the ““clay/water system.” A
clay becomes plastic only when mixed with some amount of water; hence this
primary property is based on the relationship between the two most basic in-
gredients of a ceramic, clay and water.

This chapter looks at the nature of the clay/water relationship, at plasticity,
and at shrinkage—the consequence of removing water from the clay. The dis-
cussions of clay and the clay/water system here refer almost exclusively (and
except where noted) to the layered silicate clays.

3.1 The Clay/Water System

Clay is defined in most general, functional terms as a material that becomes
plastic when mixed with a limited amount of water. One must understand the
nature of this added water to.comprehend the property of plasticity as well as
other important characteristics of ceramic materials. The water of interest
here is not the interlayer lattice water between the silica and alumina sheets
of the smectite minerals; nor is it the chemically combined water—the hy-
droxyls—or water of hydration that is part of the chemical structure of clays.
Instead, the water involved in the clay/water system is that which is adsorbed
by the clay particles, or weakly bound to their surfaces and edges. This con-
sists primarily of the water that ‘makes dry clay malleable when ““mechani-
cally combined” with the clay (or *“physisorbed’’) rather than being bound as
part of the chemical structure (“‘chemisorbed”) of the clay particles (Phelps
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d Maguire 1956; Dal and Berden 1965; Norton and Johnson 1944; William-
son 1947). This weakly bound water is easily removed from the clay at low
emperatures (see sec. 3.3).

The atomic structure of water molecules is similar in some ways to that of

ca. As discussed in section 2.3.3, atoms of silicon join with oxygen to
orm tetrahedrons, and these in turn combine into hexagonal rings of tetrahed-
ns, a structural arrangement common in many clays. Water molecules, like
silica, tend to join with each other into tetrahedrons, and these tetrahedrons will
‘join into hexagonal rings.
Water molecules are made up of one oxygen anion (02°) and two cations of
ydrogen (H!*} (fig. 3.1a). Because of a noncentrosymmetric charge distri-
bution, the water molecule acts as if it had two charges, positive and negative,
even though the net charge of the molecule is zero. One end of the molecule,
he end with the two hydrogen ions, has a partial positive charge, while the
other end associated with the oxygen ion has a partial negative charge. A mole-
ule with this structure is called a dipole because it has two electrical charges,

t poles, separated by some distance.

- Dipolar molecules may interact with other molecules and ions in two im-

ortant ways. One results because their dipolar character (dipole moment)
leads them to interact electrostatically with other dipolar molecules. Water
‘molecules commonly associate with four other water molecules, the positive

ends” forming four ionic bonds with the negative “ends” of other molecules
(fig. 3.15), leading to a hexagonal ring structure (fig. 3.1¢). Unlike the lay-
ered clays, however, in water this hexagonal structure develops in three di-
lensions, not just in a two-dimensional sheet structure. The bonds holding

e molecules together are weak because the dipolar charges are only partial,

and hence the electrostatic attraction is reduced. Further, the weak dipole/

dipole interaction is a strong function of distance and falls off rapidly with
creasing separation.

ure 3.1 The structure of water: g, a single molecule,

owing the dipolar structure resulting from the arrange-

t of two hydrogen nuclei. After Lawrence and West

82, fig. 3-1. b, the tetrahedral arrangement of mole-

les and, c, the hexagonal ring structure of water, formed

by arrangements of tetrahedrons. After Lawrence and
est 1982, fig. 3-2a, b.




56

THE RAW MATERIALS OF POTTERY MAKING

The second important result of this dipolar charge distribution concerns in-
teraction with single ions. Ions with a positive charge (cations) will be at-
tracted to the negative side of water molecules, while ions with negative
charges (anions) will be attracted to the positive side. In addition to the effect
of the charge of the ion, the size of the ion is also important. Small ions, such
as Ca?* or A13*, that fit into the center of the hexagonal water structure will
enhance its stability. Conversely, ions with radii larger than the size of the cen-
tral area (greater than approximately one Angstrom [A], or 1.0 X 1078 cm, or
0.0000001 mm), such as K'*, will disrupt the hexagonal arrangement (fig.
3.2). Table 3.1 gives the ionic radii of some common ions.

One more aspect of the ion/dipole relationship of water deserves men-
tion—the effect of adding ions to the water structure. An electric field is cre-

Figure 3.2 Accommodation of ions of different sizes in
the hexagonal water structure; arrow indicates disruption
of the water structure caused by the large K!* ion. After
Lawrence and West 1982, fig. 3-6b.

Table 3.1 Ionic Radii of Some Common Elements (Coordination Number = 6)

Element Ton Atomic Number Ionic Radius (A)
Lithium Lild 3 0.74
Oxygen 02~ 8 1.40
Sodium Na!* 11 1.02
Magnesium Mg2*t 12 . 072
Aluminum APt 13 = 0.53
Silicon Sidl 14 0.40
Chlorine Gl 17 1.81
Potassium Kl 19 1.38
Calcium Calt 20 1.00
Manganese Mn2+ 25 0.67
Iron Fe?* 26 0.77
Felt 26 0.65
Copper * Cul® 29 0.96
@ut 29 0.73
Zinc Znh 30 0.75
Arsenic As?t 33 0.53
AsSF 33 0.50
Tin Sn%t 50 0.93
Sntt 50 0.69
Barium Ba2* 56 1.36
Lead Pb2* 82 1.18

Source: After Kingery, Bowen, and Uhlmann 1976, table 2.3.
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ated in the water surrounding the ion. The water molecules that are adsorbed
. immediately onto the ion are in a different physical state than ordinary water;
~ they become organized and ‘““immobilized” into a state sometimes referred to
as-"*nonliquid™ or “quasi-crystatline™ (fig. 3.3). The molecules are fixed or
restructured by the ion/dipole attraction: with a cation, their negative regions
-are directed inward; with an anion, the positive ends arc directed inward. As a
“result, the water in the immediate region of the ion is in some senses like a
thin:layer of a solid, analogous to ice. There may be a-sort of disordered
“buffer’ between the immobilized region and the normal liguid water struc-
ture of dipole/dipole attraction. The thickness or size of the area of nonliquid
water around the ion is in turn a function of the ion’s size and charge. This area
is enlarged by small, highly charged ions, which fit into the water structure
without disrupting it, whereas large, monovalent ions decrease its immo-
ilization and stability.
These considerations are important to the clay/water system because wet,
lastic clays consist of individual particles surrounded by a film of water. Clay
Jais have active, electrically charged sites on their surfaces and edges
':‘_depe'nding on imperfections and the location of the broken bonds, result
the exposure of unsatisfied A13*, Si**, O?-, and OH'~ ions. Most gener-
n kaolinites at least, the break is such that the surfaces of the platelets
t of O~ or OH!- ions, while the edges are A1** or Si** ions. In other
words, the edges of the particles have a positive charge and the surfaces a
egat_ive charge; clay particles thus have a dipole moment, but with an overall.
gative charge (monopole) as well.
satisfy the charge deficiency of these ions, the surface sites of the clay
ticles:attract the dipole water molecule (and other ions), the OH'™ and 0%~
bonding with H'* in water and the A13* and Si** bonding with the 0%~ in
This:forms a tayer or hull of adsorbed water around the platelet, which
en dcts-as a large ion or series of ions surrounded by a water layer. This
an-be either structured (immobilized) or unstructured in the way de-
‘above. : '
degree of structuring (i.e., the size of this immobilized region) is partly
ion.of the size and charge of the charge-deficient ions on the clay
a5 well as their positioning. It also varies among the clay minerals

odel for the modification of the

itet produced by the presence of
(%), Heavy stipple indicates region
lization; light stipple indicates re-
high: disorder between immobilized

ormal water structure outside stip-
er Lawrence and West 1982, fig. 3-4.
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(Grim and Cuthbert 1945). Kaolinite platelets, for example, have a pattern of
charges on the edges that matches the hexagonal structure of water, making an
interlocking and stable structure. The water structuring is also in part a conse-
quence of the ions in the water solution. For example, both sodium and cal-
cium cations have the same ionic radius, 0.98 A, but sodium is monovaicnt
(Na'*) while calcium is divalent (Ca?*). In clays with adsorbed sodium ¢

tions, the nonliquid water zone is smaller than in clays with calcivm cations,
and there is a considerably greater transition region to liquid water (Grim'

clays require less water to devclop plasticity than do calcium-rich clays.

3.2 Plasticity

Plasticity allows a clay, upon addition of a limited amount of water, to be
shaped by. pressure, and to retain that form when the pressure is relaxed. The
property of plasticity is lost when this adsorbed water is removed from th
clay in drying (see sec. 3.3), but the form will be retained. Plasticity can bg
restored by wetting the clay again, but the shaped form wiil disappear. Upor
heating or burning (see chap. 4), clays become hard and extremely resistant to
weathering, and above certain temperatures the capacity for plasticity is per
manently eliminated. '

3.2.1 Factors Influencing Plasticity

Plasticity has its origins in the clay/water system and arises from a number o
factors (Bloor 1957; Norton 1948; Marshall 1955; Grlmshaw 1971, 496— 504)
Among the major concerns are the following: (1) clay pasticle size, (2) clay par
ticle shape, (3) surface tension of the water, (4) rigidity of the water, (5) ad
sorbed ions, (6) clay mineral component, (7} clay deposit location, (8). T
ganic content, (9) nonclay mineral component of the material, and (10
temperature (important primarily in commercial applications of clay working)

. Of the many factors influencing plasticity, among the most important
the size and shape of the clay particles. As discussed in section 2.3.2, cla
particles are extremely small, generally less than 2 pm in diameter, and ;
considerable proportion of the smallest clay particles behave like colloids (s
sec. 3.4.2). In addition, they have a fiat lamellar or platelet shape, with a rati
of thickness to diameter on the order of 1:12. These shape and size considen
tions mean the clay particles in a clay mass have a very large total surf
area. Most of the properties of clay/water systems (especially plasticity) i
large part result from the interaction of clay and water at the surfaces of th
clay particles.

Some idea of the surface area involved with clay -sized particles compa

face area produced by successively §ubd1v1dmg a cube of some material (Law
rence and West 1982, 21}. A cube of one cubic centimeter (1 cm?) has a tot;
surface area of 0,93 square inches. Dividing that cube into particles on
order of 0.1 mm in diameter would produce 93.0 square inches of surf
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original cube were divided into fine clay-sized particles 0.1 um (or
i) in diameter, the total surface area would be just under 650 square
nother way to express this is to say that 1 cm?® of clay-sized particles
000 times the surface area of an equal volume of coarse sand-sized
clesii -
éni-water is mixed with a clay, a thin film of adsorbed water surrounds
lay particles, acting as a lubricant that allows the platelets to slide over
another. The finer the particle size of a given volume of clay, the greater
asticity, in part because a larger number of platelets, and hence a larger
ce drea, is present. Clay owes much of its plasticity to the characteristics
iis:adsorbed water. Specifically of interest are surface tension and the
dity” of the water film.,
trface tension refers to the intermolecular interactions of the thin film of
ter: coating the clay particles, which acts weakly to hold the clay particles
her (Schwartz 1952). Although in a plastic clay mass the water serves as
ricant, so the particles slide easily over each other, at the same time the
tface tension forces are sufficiently strong to make it difficult to pull the
Jets-apart or to shear the entire mass. The greater the total surface tension
ting from finer particles and thus more surrounding water, the greater the
isticity in the clay/water system. If, however, excess water is added, the sur-
‘tension is reduced and there is less resistance to shear: plasticity, yield
‘and extensibility (see sec. 3.2.2) are all diminished. A final point con-
i1i$ the channels or capillaries through which the water flows. Because sur-
tension increases with greater surface area and capillary volume per unit
liime of clay, finer clays are more plastic than coarse ones, which have less
ce area and a smaller total pore structure.
e-rigidity of the adsorbed water film refers to the characteristics of the
iquid or semicrystalline water that is initially adsorbed around the clay
rticlés (Grim and Cuthbert 1945). There seems to be an optimal—and very
“~amount of water necessary for a clay to reach a plastic state. There
15t be enough water to satisfy the charge requirements on all available par-
le surfaces and to form the nonliquid configuration, plus a very little more
as normal liquid water in achieving Iubrication, surface tension, and
w.If too much water is added, the surface tension is lowered and the body
ves beyond a plastic state to become soft and weak. If insufficient water is
ded, the quasi-crystalline structure may not develop, or the particles may
f be close enough to each other.
Ad'sorbed ions on the clay platelets or in the surrounding water film affect
icity by influencing the dispersion of the platelets and their orientation to
ne another (see sec. 3.4.2). The effects of the ions depend primarily on their
¢ and valence, but also on their shape and tendency to hydrate. Other things
g equal, the plasticity of a clay increases as the charge of the ions in the
dsorbed waters increases, and their size decreases. This is because the large
monovalent ions tend to disrupt the nonliquid water structure and promote dis-
order, whereas the smaller, more highly charged ions fit more securely into the
holes in the lattice and have little disordering effect. More simply put, large
mionovalent cations such as Na'*t, K'*, or NH,!'* tend to suppress plasticity,
vhereas smaller and highly charged divalent and trivalent ions such as Mg?*
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or Ca* will increase plasticity. It was mentioned earlier that clays with Ca2*
cations have g larger nonliquid zone around the particles than do sodium-rich
clays and a more abrupt transition to liquid water. This is a factor not only in;
the variable amounts of water required to develop initial plasticity in these
clays, but in the effects these ions have on plasticity when they are added
in excess.

Clay surfaces may adsorb ions from the surrounding water film, and the

rigid water structure itself may contain ions that will affect plasticity. The

¢normous surface area afforded by the coiloid

remain stable and Separated, dispersed in g ge-to-face™ structure with th
negatively charged surfaces associated with the positively charged ends of the
particles. This arran gement of particles with respect to their electrical charges,
and the role of ions in this arrangement, is important in determining whether
clays are in a flocculated or deﬂocculate_d state (see sec. 3.4.2) and affects
their appropriateness for a variety of uges.

3.2.2 Measuring Plasticity

No satisfactory means of measuring plasticity has been developed, in part be:
cause the property is influenced by so many factors, and in part because its
applications require that it be measured in different ways (Grout 1906; Whitte-
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ore.:1935; Norton 1938; Greger and Berg 1956; Bronitsky 1982). The defini-

on of plasticity focuses on deformation of the clay by force, and for this
reason it is useful to address the kinds of forces and deformations concerned,
ecause each enters into some component of plasticity.

Three major forces are involved (see also sec. 12.3.2). One is compressive
orce—pressing on a wet clay, which will eventually cause it to crack. An-
ther is tensile force—stretching or extension of the clay mass, which will
1 o cause cracking beyond a certain limit. A third force is shear—simultane-
us application of opposing forces on the clay, which will cause it to crack

“or ceramic engineers, plasticity may be described as the product of two
ecific characteristics of a clay, yield point and extensibility. At the yield
nt compressive stresses start changing the shape of the plastic mass, as the
y.begins to become soft and malleable rather than remaining stiff and un-
1eld1ng The yield point may be measured by the force per unit area applied
e test material in pounds per square inch (psi) or kilograms per square
r..Extensibility refers to the amount of deformation a clay can withstand
nches or meters) beyond the yield point before cracks appear.
eld point and extensibility are inversely proportional: a clay with a high
point will have low extensibility and is often described a “*stiff,” tending
rack when pressure is applied. A good clay balances the two opposed
ceristics, so that it has both a moderate yield point and a moderate

Potters assess a clay’s plasticity according to its “‘working range,” “work-
ty,” or “plastic limits,” characteristics that can be determined adequately,
gh.nonquantitatively, by a skilled potter through “feel” and experience.

s will squeeze a clay, bite it, rub a small pinch between thumb and fore-
r.make a Loop of it to ju ngg its plastic characteristics. Even someone
perienced can make some determination of a clay’s working properties

omintuitive concepts of plasticity.
rms working range and plastic limits have specific meanings, how-
oth refer to the variable amount of water that must be added to a dry
olayitomake a mass that can be satisfactorily formed. The ]im-iiﬁ)_i’_plasticity
 working range thus refer to the interval between yield point and the
boundary of extensibility. These limits vary with the kind of clay min-
e’ intended use, and the pressure individual potters exert as they form
ots::A good clay for throwing on a wheel should have a relatively wide.
fegion, because it must flow easily with the centrifugal forces of the
ut it should not dry out excessively or lose plasticity from the evapo-
sed by rapid spinning. For hand modeling a stiffer clay (with a
eld point and lower extensibility) might be serviceable. Some clays
wide working range and can be worked into the desired forms without
g when both relatively wet and relatively dry. Other clays have a nar-
» they are stiff until a certain amount of water has been added, but

just 2 little more they slump and lose their firmness.

at have a relatively broad working range and are useful at a range of
nisistencies (wetter versus drier) for hand building or throwing are some-
scribed as “fat” or “rich.”” They are typically sticky, fine, and very
Montmorillonite clays are often fat clays, as are ball clays. By con-
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)

trast, “short™ or “lggg,’ clays are those that are usually coarse, mealy, and
stiff, with a relatively narrow working range. In general, the coarser the tex-
ture, the narrower the range. : :

One of the most commonly used quantitative assessments is a clay’s per-
centage water of plasticity, or %WP, defined as the percentage (by weight) of
water required to develop optimum plasticity in a dry clay. “Optimum plas-
ticity” is a subjective judgment, dependent upon infended use and the individ-
ual potter’s sense of what feels right. Thus for any given clay, % WP calcula-
tions are given as a range rather than a single number.

Water of plasticity is calculated by slowly adding water from a graduated
cylinderto a standard weight of dry clay (for example, 100 g) and noting firs
the amount of water required to develop initial plasticity and then the addi
tional amount giving full plasticity and stickiness after continued mixing. Be
cause 1 cc (or 1 ml) of water equals 1 g of weight, the volume is equivalent to -
the weight of water; the amount added to 100 g of clay is equal to the clay’
9, WP. The two quantities give the range of workability, from initial plasticity-.
to stickiness. .

Generally, finer clays require more water 0 develop plasticity, because they.
have more particles per unit volume and also a more extensive pore or capil
ary system for carrying water. Coarser clays have larger capillaries (but a
smaller total pore structure), and usually need less water to make them plas-:
tic. Table 3.2 gives ranges of % WP for some common clays.

Another way to measure watet of plasticity is by comparing the weight of a
wet clay object with its dry weight. This figure is multiplied by 100.to express
it as a percentage:

gowp = Weightu = Welghly 109,
weighty,,

In effect, this calculation bases the measure of plasticity on the amount of
water lost from the clay in drying (see sec. 3.3), the weight loss correspond-
ing to the water added to the dry clay to achieve plasticity. A similar concept
of plasticity is expressed by the “coefficient of plasticity,” which is the ratio of
the shrinkage water to the total water content required for forming and pro-
vides a relative degree of plasticity (Barna 1967, 1092).

Plasticity is a desirable characteristic of clays up to the point of excessive
stickiness. Because plastic clays are preferred by studio or ¢ aft potters, ce
ramic engineers, and village potters making traditional pottery for houschol

Table 3.2 Water of Plasticity Ranges of Several Clays

Clay Type T WP

Washed kaolin 44 .48-47.50
White sedimentary kaolin 28.60-56.25
Ball clays 25.00--53.50
Plastic fireclays 12.90-37.40
Flint fireclays 8.89-19.04
Saggar clays 18.40-28.56
Stoneware clays 19.16-34.80
Brick clays - 13.20-40.70

Source: After Nelson 1984, 322.
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variety of techniques may be used to increase plasticity in a relatively

tiff clay. Adding organic material, particularly acids (vinegar, for example),

ricrease plasticity by lowering the pH to a ncuiral level {of 6 or 8), if the

ass was originally alkaline, and thereby bringing about flocculation of

sthe ‘clay particles (Grimshaw 1971, 505; Fina {985). Some craft potters add

urt; beer, or starch to alkaline commercial clays, thereby increasing acidity

well-as adding bacteria, both of which enhance plasticity. Aging a clay—

r'weeks or even generations—also increases plasticity; the process appar-

ly works by allowing the water to reach all clay particles and by promoting

action of bacteria and acids, perhaps increasing the fineness of the clay,

ering the pH, and causing flocculation (see Glick 1936). The growth of

during aging, particularly if organics have been added to the clay, can

e:other problems in forming and firing, however (Fina 1985).

Other. ways to increase plasticity include mixing a stiff clay with another

y thatis finer and more plastic and mixing a fresh clay with part of an older

tch:that has been mixed and aged, even for a short while. Ceramic engi-

may add cations of a high charge or decrease the amount of monovalent

-the system, both of which will disrupt the rigidity of the adsorbed
<ause deflocculation, and thereby increase plasticity. ’

Drying and Shrinkage

clay/water mass is formed into a desired shape, it is allowed to dry.
ng is a dangerous step in the forming process, because stresses within the
ed-body can cause cracking and deformation. The unfortunate conse-
m"gly__be immediately noted in pieces that crack or warp during drying,
flaws may not be apparent until the piece is fired. Most of the stresses
because; during drying, the water films surrounding the clay platelets
te and the platelets draw closer together, causing the clay body to
k:and decreasing plasticity (Kingery and Francl 1954; Moore 1961).
nderstanding shrinkage begins—-as did understanding plasticity—with
water system. There are two kinds of water loss and two kinds of
nkage-in the ceramic manufacturing process: the water lost is both me-
ally combined and chemically combined water, and shrinkage may be
red both in linear and volume dimensions. Chemically combined water
ost never lost in normal low-temperature air-drying of clays. Its loss
with the application of heat and firing, the ultimate dehydration of
he water loss and shrinkage that occur in firing are taken up in chapter
the present, the concern is with air-drying.

Water in the System

ring dehydration and shrinkage, it is useful to discuss the location

n a clay/water system and the means by which it is held. There are
inds of water in a wetted clay throughout the transition from a plastic to
ricd state, whether or not the mass has been shaped: shrinkage water,
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pore water, surface-adsorbed water, and interlayer and crystal lattice water
(Norton 1970, 157-60; see also Grimshaw 1971, 443—-49).

Shrinkage water separates the particles in the clay/water mass by a substan-
tial distance so that the mass has a low density (fig. 3.4a). It constitutes most
of the water that was mechanically combined with a dry clay to develop plas-
ticity. Shrinkage water could also be called film water, for it primarily consti-
tutes the films that surround and separate the clay platelets and act as a lubri-
cant. When this shrinkage or film water is removed, the mass shrinks as the
surface tension of the remaining water draws the particles together. The clay
platelets become more densely packed, until finally they are no longer sepa-
rated (fig. 3.4b). During the earliest stages of drying, volume change and
moisture content are linearly related, and this stage is known as the ““constant
rate period of drying” (Grimshaw 1971, 544—45).

Once this water is eliminated, air-temperature shrinkage of the clay bulk
effectively ceases, though water is still present in the system. The shrinkage
ends because the particles have come into contact with each other, creating a
rigid framework or skeleton. This framework cannot be significantly reduced
in size, even when the remainder of the water in the pores between the plate-
lets is removed by room-temperature or low-heat (105—10°C) drying. Further
appreciable shrinkage takes place only in firing. After the shrinkage water is

Figure 3.4 Types of water and particle ar-
rangement in a clay during drying. Letters cor-
respond to points on the drying curve in fig.
3.5: a, excess free water (shrinkage or film
water and pore water) in a plastic clay; b,
the critical point or leather-hard stage, when
particles come into contact and water exists

as pore water; ¢, water (as pore water and
adsorbed water surrounding clay platelets)
evaporates from the center throughout the ends
of capillaries; d, dry clay. After Grimshaw
1971, fig. IX.7; Norton 1970, fig. 11.1; Law-
rence and West 1982, fig. 6-1.
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one a formed clay piece can be safely handled, because the clay is rigid and
‘tio longer plastic. This state is also known as leather-hard, and the amount
f water remaining in the body is termed the critical moisture content.
The “pore water” remaining in the system after shrinkage water is lost fills
¢ pores and capillaries of the clay-particle framework (fig. 3.4¢). As part of
¢ mechanically combined water that was added to make the clay plastic, it
loosely held in the clay and therefore easily given up to the air. After
hrinkage, however, the pores it moves through are very small, so it takes
nger to move outward from the interior. Drying beyond the leather-hard
tate is thus slower than evaporation of shrinkage water, but there is less pore
ater to be lost.
Pore water may compose 10% to 26% of the true voiume of the clay body,
ependmg on particle size; fine clays have more pores and hence more pore
ater. Because pore water does not surround and separate the clay platelets,
hich are now touching, its loss will not affect the bulk volume of the clay or
ause further shrinkage. The weight of the piece will continue to decrease, but
because pore water is replaced by air, only the true volume of the clay will be
teduced, not the bulk volume.
Surface-adsorbed water is adsorbed from the atmosphere by the surface of a
ied or drying clay mass. It is not the same as water adsorbed onto the sur-
ces of individual clay platelets, which allows plasticity. A dry clay, oreven a
drying clay that appears to have a dry exterior, actually holds a microscopic
Im of water on its surface. This surface-adsorbed water represents an equi-
brium between the water vapor pressure of the clay and that of the atmo-
here. This water layer is only one molecule thick, though it may penetrate
ipillaries from the surface, and therefore is not included in volume loss,
eight loss, or shrinkage calculations.
Interlayer water exists between the unit layers of the three-layer clay miner-
§(such as montmorillonite; see fig. 2.7). Because it occurs only in these
inerals, its contribution to shrinkage is usually negligible. This water is
rongly held, because it is part of the internal structure of the clay platelets,
d it is the last water lost in drying. Crystal lattice water is the chemically
mbined water held as hydroxyls (or OH'-) within the layer structure of the
ay minerals, referred to in describing clays as “hydrated”” alumina silicates.
Normally this lattice water is lost only by heating beyond 110°C, usually in
the range of 450-600°C.

3.2 Processes of Drying and Shrinkage

ne can envision the relation between water loss and volume shrinkage by an
dealized diagram of a clay/water mass (fig. 3.5). Point A represents a clay/
water mass at optimum plasticity, consisting of 55% clay and 45% water by
lume (or 75% clay and 25% water by weight), that is beginning to air- -dry.
wo stages of drying and shrmkage are indicated by roman numerals along

L Drying proceeds by constant-rate loss of shrinkage or film water, as de-
scribed above. After 69 hours (point B), the volume has been reduced to 78%
of the original. The clay fraction has not changed (it is still 55% of the origi-
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Il Figure 3.5 Relative changes in volume of water and

Volume percent
w
=)
L

19 pores as a clay/water mass is air-dried. After Salmang
90 1 1961, 33, and Norton 1970, fig. 11.2.
80 < :C D
Water Air
B
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—r T T = 7
a8 72 96 120 144

Time (in hours)

nal volume), but the amount of water has been severely reduced. Water now
constitutes only 12% of the original bulk (compared with 45% water in the
starting mix). Thus at point B, sometimes referred to as the critical point, the
clay has attained the leather-hard stage; the particles are in contact, and pore
water has not yet been replaced by air (see also fig. 3.4b). At this point all the
shrinkage has been accomplished with loss of the shrinkage water, reducing
the original bulk by 22%. The water that remains in the system is pore water
(plus lattice and perhaps interlayer water, depending on the clay mineral[s]
involved), and its loss will not bring about any appreciable further shrinkage.

II: At point D, after 144 hours of drying, all water except chemically com-
bined (lattice) water is lost. Line DF on the figure represents the bulk volume
of the dry clay, or the clay particles plus air in the pore spaces. Line EF repre-
sents the true volume of the clay itself, which has remained unchanged from
the original mass. Line DE represents the volume of pores in the clay; these
are occupied by air and do not contribute to the true volume, only the bulk
volume. As water moves through the clay and is eventually lost from the sys-
tem by evaporation, it causes the many defects, such as cracking, associated
with the drying of ceramics (sec. 3.3.3).

Water is lost by capillary action, or movement through the clay pores from
the interior to the exterior of the body, because evaporation begins at the sur-
faces and edges of the clay piece. As surface evaporation proceeds;water is
continuously drawn outward to the surface and also evaporates. Two mecha-
nisms seem to be at work. A moisture gradient within the clay tends to force a
flow of water from the moist interior to the drier surfaces. And the pressure
gradient within the capillaries between the outer vapor pressure and the inte-
rior liquid forces the liquid from the filled interior capillaries into the exterior
ones, which are only partially filled.

The role of capillary flow becomes clearer when the drying process in a
coarse clay is compared with that in a fine clay. Sandy or coarse clays have a
more open structure; though there are fewer pores per unit volume than in fine
clays, they are larger. Furthermore, the nonclay particles have no water films,
and therefore there is less water in the system. The flow of water from the
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the surface, where it evaporates, is casier; drying is rapid, shrinkage
the danger of warping is relatively slight.
ely fine clays, however, drying is hindered by the very character-
akes them desirably plastic: the fine particle size means that to
sticity more water is needed to cover the extensive surface area of
ets, and it exists in a more extensive network of finer capillaries than

'r_yihg Defects and Green Strength

fine clays is a slow process; shrinkage is high, and there are many
nitics for defects to occur. Clay minerals show different susceptibili-
racking during drying, and one test suggests most cracking occurs in
nd least in well-ordered kaolinite (West and Ford 1967).
iportant determinant of drying defects is particle size. In fine clays,
evaporate from the surface faster than it can be resupplied from the
or, The surface will then shrink more rapidly than the entire mass can
odate, a strong moisture gradient will be present within the piece, and
ses of the surfaces compressing over the interior may cause warping
king. Though visible warping and cracks are a clear indication of struc-
fects in the dried and unfired product, frequently the cracks may be
ble and the damage may become apparent only after firing accentuates
fects. Because of this problem, it is extremely important that products
from fine clays be dried very slowly.
dditional problem is that when very fine clays are sedimentary and
ganic—as they often are—the water in the pores may contain dis-
or dispersed matter such as salts or organic colloids. As water is drawn
¢ interior, these salts and minute organic particles also flow to the sur-
hére they may form a residue or scum and also change the density,
1 hardness of the piece (see Brownell 1949). Colloidal clay particles
also migrate in this fashion, affecting the density and hardness of the
and causing fine surface cracks owing to compressive tensions dur-
mng.
method of shaping a clay body can lead to anisotropic shrinkage,
occurs: at different rates along two directions of measurement. This
py may be caused by forming and casting operations that result in
proportions of water and clay particles, or different alignments of
itles, in various parts of the finished object. The most severe differ-
hrinkage occurs where the orientation of the clay platelets changes
“at corners, seams, and angles.
method of shaping a clay body may contribute to uneven shrinkage,
nce warping or cracking, through differential water—uneven water
ntin different portions of the body. Areas that are repeatedly stroked and
+during forming generally are wetter than other parts; on a pot
n on a wheel, for example, the exterior will be wetter than the interior
base wetter than the upper portion. The portion of the body containing
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Figure 3.6 An S-shaped crack on the base of  defect (exaggerated in firing) caused by differ-
a small wheel-thrown ashtray, a typical drying  ential water and resultant uneven shrinkage.

more water will shrink more than the drier portion, causing stresses that lead
to warping or cracking (fig. 3.6).

Another factor involved in such shrinkage is the preferred orientation of the
clay particles—nonrandom or directional positioning in which the clay plate-
lets become oriented parallel to each other like courses of brickwork rather
than occurring randomly or in the “‘face-to-edge’ arrangement. Preferred ori-
entation is more easily observed in clay minerals with relatively larger par-
ticle sizes, and it also can be noted in platy nonclay inclusions in the clay
body, such as micas or shell particles (see Mehran, Muller, and. Fitzpatrick
1981). It may be caused to varying degrees by virtually all operations of
forming a clay body (extruding, coiling, throwing), because all involve strok-
ing the clay repeatedly. The absorptive properties of the mold used in casting
and the pressure of the hands are sufficient to realign the clay particles ““float-
ing” in their water films with their long dimension perpendicular to the form-
ing pressure. Preferred orientation may also be caused by the natural settling
behavior of the particles in slip casting or slipping. Also, the light pressure
used in burnishing a clay surface is enough to reposition particles, and the low
luster of the burnished surface is a consequence of preferred orientation as
well as compaction of the very finest particles brought to the surfaces.

Shrinkage occurs differentially according to the direction of particle orien-
tation because of the varying volumes occupied by water films versus clay
particles in each linear dimension and the variable densities of particle pack-
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Figure 3.7 Particle-otientation effects: a, effects in a
tolled cylinder of clay (after Norton 1970, fig. 10.11); b,
effects in a slip-cast piece. (after Lawrence and West
1982, fig. 64a); ¢, warpage of slip-cast piece during dry-
ing. {after Lawrence and West, 1982, fig. 645). .

ing after shrinkage water is fost (fig. 3.7). Shrinkage will be greatest perpen-
dicular to the orientation of the platelets, because more water films occur per
unit area in that direction. Shrinkage will be least in the direction parallel to
the particles. Where the piatelets are in a random, unordered arrangement
(and where more pore water is retained), shrinkage is intermediate. Because
of this uneven shrinkage in all directions of the clay mass, again the final
product may warp or crack if the tensions exceed the strength of the dry clay
body (e.g., fig. 3.6).

Preferred orientation may be caused by forming an object from a wet clay
or by dispersion of the particles within the clay/water system owing to their
electrical charges and the presence of ions. Certain kinds of ions will alter the
pH of the system as well as modify the arrangement of the particles within the
system, leading to flocculation or deflocculation. A deflocculated system has
a loose packing of particles in a face-to-edge arrangement (the positive ends
of particles joined to the negative surfaces); there are many pores in the Sys-
tem, and drying takes place with relatively low shrinkage. A flocculated
system settles with particles arranged in preferred orientation and densely
packed; shrinkage is high.

Resistance to cracking and warping as a clay body dries is a function of its
strength in the dried but unfired state—dry strength or green strength (Ryan
1965; Holdridge 1952; McDowell and Vose 1952; Pask 1953). A dried body
- with considerable green strength has a significant integrity resuiting from the
forces bonding the clay platelets together; it is resistant to cracking and warp-
ing in the dry state. The attributes that enhance green strength include fine
rather than coarse particle size, the presence of Na'* ions, and a deflocculated
state. In addition, common organic materials may be added to a clay to in-
crease its green strength, such as flour, cornstarch, milk solids (casein), and
gums of various trees and bushes (Norton 1970, 99). Green strength increases
as moisture is lost and is greatest in completely dry bodies; ware that is only
leather-hard, for example, is more susceptible to deformation. The cause of

*
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this is not fully known; it has been attributed 10 variations in the weak elec-
as van der Waals forces, which

trostatic attraction between molecules known

in this case holds the clay mineral layers and particles together.

Clearly, drying does not take place uniformiy, and this can lead to defects

and a loss of strength. The principal difficulty is that evaporation and shrink-
to the air. This is particularly

age are more rapid on external surfaces exposed
in an area subject to fluctuating tempera-
erature of 1ate

a problem if pieces are set to dry
tures, air currents, of humidity levels. Sudden changes in temp
of evaporation may disturb the temperature and moisture gradients within the
clay or on various surfaces, affecting the rate of drying and causing warping.

Shrinkage of 2 clay/water mass during drying is unavoidable, but defects

are not inevitable. It is useful to guminarize some of the circumstances that
permit deformation-free dehydration. Two approaches may be taken: one 18
that reducing gverall shrinkage reduces the chance of defects; the other is that
controtled drying permits relatively great shrinkage without damage to the
product.

Among the many variables of drying are size of the clay particles, floccu-
lated versus deflocculated state {or presence!absence of preferred orienta-
tion), amount of water present, temnperature, humidity. and air currents. 1t has
tioned that fine clays——which require 2 lot of water for plas-

s one way to lessen the risk of

already been men
ticity——shrink more than coarser clays. Thu
aise the proportion of coarser particle sizes to in-
nt from the interior to the

warping and cracking isto ¥
ace and promote waler moveme
s green strength (table 3.3). Defloccu-

crease the pore Sp
exterior. But this procedure decrease
lated clays have Jower shrinkage than focculated clays, at least along one di-
mension, as well as greater green strength, and therefore adding deflocculants:
Calgon will reduce shrinkage.
a major problem
by drying slowly for

such as basic salts Of
Despite the dangers of deformation,
the delays caused
accelerated DY heat and

ics. There must be a balance betweeh
the sake of safety and the risk of damage if drying 18
air circulation. Defects are more likely during the first part of the drying time,
when shrinkage water is lost and the vessel is shrinking in response. During
this period drying is best carried out slowly. After shrinkage has stopped, dry-
ing can be moie rapid.
Clearly atmospheric conditions arc important: temperature and humidity
and presence of air currents. Heating both the ceramic body arl the air, either

in drying 18 gconom-

£ Clays with and without Sand

Table 3.3 Comparat
: Dried Clay Dried Clay Plus 50% Sand
Transverse Compressive Tensile Transverse
Strength

Strength

ive Green Strength (psi} O

Compressive Tensile
Clay Type Strength Strength Strength Strength
Ball clays 565-1,148 135-210 375-558 ©ae4-T71 124--80 242-330
Plastic clays 631-954 155-72 484520 476-553 113-50 216--80
Plastic kaolins 455-539 10447 239-325 286559 54-110 122-210
Primary kaolins 205349 34--69 74166 164-72 29-35 56-82
71, 221,

Source: After Ries 19
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artificiaily or by placing the clay pieces in suniight, permits rapid dehydration
because heat enables water to migrate to the surfaces of the piece more easily.
In addition, heated air can absorb more moisture from the ceramic than cooler
air. But the heat can cause more rapid surface evaporation than can be accom-
modated by internal water movement and the strength of the vessel, and this
may give rise to defects, Modern commercial operations may use humidity
driers; the ceramic pieces are heated in a very humid atmosphere, then drying
proceeds by controlled reduction of humidity. Nonindustrial village potters
similarly adjust drying procedures to the characteristics of their clays and en-
vironment (sec. 5.4).

3.4 Measuring Shrinkage

+Loss of mechanically combined water {(film water) during the air-drying or
low heat drying of a plastic clay causes shrinkage of the body. This may be

;-measured as linear drying shrinkage or volume drying shrinkage, also re-

“ferred to as linear air shrinkage and volume air shrinkage. Linear drying
shrinkage (%LDS) is computed by marking the wet clay with lines a specified

- distance apart; after complete drying at 105°C, the distance is remeasured and

- subtracted from the original measurement. The result is divided by the wet
ength measurement and converted to a percentage:

%LDS = length,,, — length,,, % 100.
length,,.,

Volume air or drying shrinkage (% VDS) is computed by measuring the vol-
ume of the thoroughly dried clay piece in a volumeter filled with kerosene.
The piece is then removed, dried, and soaked for twelve hours in kerosene of
the same specific gravity as that used in the volumeter, after which its volume
is again measured in the volumeter. The formula is as follows:

volume,,, — volume,, % 100

BVDS =
volume,,,

Table 3.4 compares some linear and volume drying shrinkage measurements
for several clays. For a uniform, isotropic body, % VDS = 3%LDS if the
shrinkage is small; inhomogeneous shrinkage or large shrinkage values will
cause deviations from this general relationship.

Table 3.4 Ranges in Air-Drying Shrinkage for Several Clays

Clay %LDS %VDS

Crude kaolin 5.00-7.60 14.11-20.92
Ball clay 5.25-12.00 21.90-31.92
Refractory clay 4.25-11.00 30.48-45.00
Stoneware clay 4.80-9.30 15.11-41.20
Flint fireclay (.78-6.59 2.36-21:12
White sedimentary kaclin 4.50-12.50 7.53-36.46
Saggar clays 2.80-10.80 9.10-25.00

Source: After Ries 1927, 227.
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3.4 Inclusions and Impurities

Naturally occurring clays rarely exist as pure, monomineral deposits (for the
reasons outlined in chap. 2}. Minerals from the parent material and from
tocks and sediments encountered during transport typically are present as
well. Primary or residual clays usually include fragments of their parent rock
material and may consist of several clay minerals in combination, depending
on the degree of weathering. Sedimentary or secondary clays, as a result of
the processes of deposition, may contain a mixture of minerals from several
sources as well as organics and salts.

The inclusions and impurities of interest here are present in all size ranges,
but for the present they can be divided into two categories: extremely fine
colloid-sized material (excluding the clay mineral fraction itself), and the
nonplastic, relatively large particles in the clay body. Particles in either size
range may occur naturally in the sediment or may be added by potters to mod-

ify a particular characteristic.

3.4.1 Coarse Inclusions

The coarser particles or clastics in 2 natural clay are largely responsible for
the property known as texture—the proportion, size, and shape characteris-
tics of the particles in a clay material, whatever their origin or their chemical
or mineral identity. The texture of an unfired clay/water mass can be judged
imprecisely—but often very effectively—by “feel” when a small amount of
the clay is rolled between the fingers or nibbled. A very plastic clay that feels
smooth and “fat” or slimy is usually a fine clay material, while one that is stiff”
and “lean” usually feels coarse and gritty.

The texture of a clay is not measured directly, but by comparing the
particle-size fractions of the clay material against some standard scale estab-
lished by geologists or pedologists (see figs. 2.2 and 2.3). Most clays contain
a range of particle sizes, sometimes as large as pebbles (very coarse, greater
than 4 mm in diameter), granules, or gravel (between 2 and 4 mm), but more
frequently in the sand, silt, and clay-sized range. One should remember that
sand refers to a particle-size category, notto 2 specific mineral, although the
predominant mineral of the sand and silt size in clays is quartz. “Sand” may
be quartz sand, calcium carbonate sand, volcanic sand, or a mi;gture of many
materials such as micas, feldspars, hornblende, and ferric minerals (the last
often occurring as finely particulate coatings on the sand grains).

Because some soils with as little as 15% of the finest clay-sized particles
may exhibit plasticity, two related substances are of interest in the study of
natural clays: mud and muck. Mud is a term sedimentary geologists use to
refer to sediments with particle sizes less than 0.06 mm, that is, in the range
of silts and clays. Muck is a fine sediment usually associated with wet en-
vironments and peat deposits and consists of 50% or more fine organic master.

Two methods are commonly used to separate particle-size fractions of sedi-
ments: the suspension (or sedimentation) method and the sieving method. The
suspension method 1s based on Stokes’ law, which permits calculation of the
settling time of particles of different size (diameter) and density in a given

2
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Figure 3.8 The particle-size distribution
of a hypothetical clay determined by the sus-
pension method, showing by histogram and
cumulative percentage graph the percentage
weight of the sample finer than a particular
size (in micrometers). After Grimshaw 1971,
fig. VIL.7.
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fluid of known density and viscosity (Shackley 1975, 116). Various tech-
niques employ pipettes, hydrometers, and settling tubes, and they are usually
applied to fine, subsieve-sized sediments such as silts (Shackley 1975, 116-
33). Figure 3.8 shows the particle-size distribution of a clay achieved by the

. suspension method.

Sieving may be done either dry or wet (Shackiey 1975, 109-15), but be-
cause clay usually consists of aggregated particles it is usually necessary to

* use wet sieving. A weighed amount of clay, dried at 110°C, is soaked in water,
- then washed through a series of graded sieves, such as the American Society
. of Testing Materials (ASTM) series. The sieves should represent the approxi-
* mate size divisions of sand {(coarse, medium, fine), silt (coarse, medium,
" fing), and so forth. By comparing the relative percentages left on the sieves
- with a scale such as the Wentworth scale (fig. 2.2) or with a triangular dia-

gram (fig. 2.3), the clay may be described as sandy or silty.

‘Wet sieving is not very accurate, especially for the finest particle sizes,
which are usually lost (for the fine fraction, sedimentation methods should be
used). Furthermore, it is necessary to dry the sieved fractions before reweigh-

ing. Nonetheless, sieving provides a relatively easy laboratory method for

studying the particle-size distributions of sandy or silty natural clays (fig.
3.9), and the extracted fractions can be used for additional microscopic analy-
ses {see sec. 13.2.1.3.2).
‘Not only is microscopic analysis useful for identifying the minerals repre-
sented by the clastics, but the shape of the grains can give clues to their origin
d hence to the depositional origin of the clays. The rounding or sphericity
of grains is often interpreted in terms of the abrasion they have received from
wind, stream, or wave action. Their shape is also important in terms of
shrinkage, drying, and strength of an unfired or fired clay body. In principle,
ay will shrink less and dry more easily if all grains are spherical, uniform in
ze, and closely packed. Such a state rarely exists, however, except perhaps
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Figure 3.9 The particle-size distribution of
clay C-16 from Suwanee County, Florida, de-
termined by sieving, showing the percentage
weight of particle-size fractions left on ASTM
sieves of different sizes (see fig. 2.2 for mm
equivalents). Data from Cordell 1984, appen-
dix L. Figure 4.3 below shows coring in fired
coarse and fine fractions of this clay.
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in very well-sorted, highly abraded wind- or waterborne sediments. Indeed,
this set of characteristics is not totally desirable, because the rounded surfaces
do not develop strong interlocking frameworks of clay particles and therefore
may lead to a weak body. An abundance of platy flat inclusions, such as micas
and chlorites, may make the clay body laminated or fissile through preferred
orientation. Although it may be strong and well bonded across the laminae,
the body will be weak along the orientation of the plates and may crumble in
layers. Clay materials with little range in particle size—for example, silty
clays lacking a considerable clay-sized fraction as well as coarser material—
may be extremely weak and lack green strength.

To be a good pottery clay, then, a natural deposit needs inclusions that are
angular and occur in a wide range of sizes. In such a deposit the smaller par-
ticles and the clay itself bond and interlock with the angles and edges of the
inclusions, conferring strength in both dry and fired states.

These nonclay clastic materials are so important in modifying clay bodies
that ancient and modern potters alike have added them to their clay mixtures.
These additions, commonly called “temper” by archaeologists (see sec.
14.1), correct stickiness, increase porosity, reduce shrinkage, decrease drying
time, reduce deformation in drying, and improve firing characteristics. Avail-
able raw materials such as sand, plant fiber, volcanic ash, crushed shell, rock,
or pottery itself (called grog) were added by prehistoric and contemporary
village potters the world over to solve these problems of workability. Distinc-
tive combinations of inclusions and clays form the basis for many archaeo-
logical reconstructions of events in ancient times, from dating sites to tracing
patterns of trade, subjects taken up at length in parts 3 and 4.

In the modern world, studio potters and commercial ceramic industries use
triaxial bodies in ceramic manufacture—various mixtures of three basic com-
ponents, the proportions varying with the product desired (see fig. 3.10). One
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Figure 3.10 Raw ceramic materials and tri-
axial bodies: a, American electrical porcelain;
b, Chinese and Japanese porcelain; ¢, stone-
ware; d, European cookware; e, European

© electrical bodies; f, raw kaolin; g, washed

kaolin; A, quartz sands; 7, feldspar sand; j,
American dental porcelain; k, feldspars. After
Norton 1970, figs. 12.2, 12.3, 12.4.

40 ) 100%
Clay Clay

component is a clay (or more than one clay), which provides plasticity and dry
strength. To this is added a filler or aggregate, typically flint, quartz sand
{Johnson 1976), or a chemically inert material such as grog, which limits
- shrinkage, reduces drying time, and eliminates cracking. The third constitu-
ent is a cementing component (a flux), which promotes meiting, helps develop
fired strength, and reduces porosity. This is typically a feldspar or other alkali
minerai, such as nepheline syenite. Triaxial bodies are attempts to create,
though with a much finer mean particle size and range of variation, the mix of
particle sizes described above for an ideal natural clay deposit, in which a
range of particle sizes interlocks for strength and porosity and which will have
the desired strength or purity (as at high temperatures, or for cooking, etc.). A
typical triaxial body might have 50% clay, 25% quartz, and 25% feldspar; the

clay might be a mix of kaolin with particle sizes of 2 m and ball clay at 0.5
- um, while the quartz and feldspar particles might average 40 um in diameter
{Norton 1970, 259).

The irony of having to add these materials to the commercially available
overrefined clays that once contained them naturally has not gone unnoticed.
Bernard Leach, a famous potter and philosopher of art pottery, has com-
mented on the paradox (1976, 43—-44):

Western potters from the early days of industry and especially in
making porcelain, have travelled further and further away from a
natural conception of clay towards an ideal of over-refined mixtures
which are aptly called pastes. Up to a point this has been a necessary
tendency in the stages of standardization, but . . . the sooner we re-
turn to a healthier understanding of clay and melted stone the better.
To dig a single clean clay in the vicinity of the kilns was the habit of
the old country potters and it is one which can be recommended to
the studio potter of today. . . . He should not want to standardize, or
to depend entirely on those reliable but uninteresting substances
which the potter’s merchant offers to the trade. What usually happens
is that the studio potter in search of quality is forced by ignorance or
convenience to buy standardized raw materials and then to introduce
impurities artificially in order to obtain, not nearly so successfully,
what he might have had direct from nature.
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3.4.2 Colloids, Jons, and Organics

The colloidal fraction of a clay comprises particles 0.001 mm {or 1 gm) or
jess in diameter. Colioid also refers to very fine particles suspended or dis-
persed in another material, such as clay particles in water (see van Olphen
1963). Particles in colloidal suspensions repel each other, being kept apart by
their like charges as well as by Brownian movement, the continuous agitation
of colloidal particles caused by collisions with molecules in the surrounding
solution. Two kinds-of colloidal matter are important in understanding clay
sediments: inorganic colloids (represented almost entirely by very fine clay
mineral particles} and organic colloids.

Colloid-sized particles in a ceramic system primarily affect plasticity and
shrinkage, mainly through their enormous surface area (see also sec. 3.2.1),
which increases the volume of water in a clay mass and also expands the op-
portunities for adsorption and exchange of ions, which can change the disper-
sion of the clay platelets (Grimshaw 1971, 465--73). A clay’s base exchange,
jon exchange, or cation exchange capacity refers to the ability of fine clay
particles, surrounded by water films, to adsorb loosely ions that are dissolved
in the water. Some surfaces can preferentially adsorb certain ions from solu-
tion, and one ion may be exchanged for another because the bonding is loose,
but not all ions are replaceable or exchangeable. The property of cation
exchange is traditionally expressed in milliequivalents (meq, or equivalent
atomic weight) per 100 g of dry clay at a neutral pH of 7.
Clay minerals differ in their ability to adsorb ions. In general, the finer the
clay (and hence the greater the surface area), the greater the exchange capac-
ity (see Johnson 1949; Johnson and Lawrence 1942). Several explanations of
adsorption in clays have been advanced, and all may be accurate in past. One
is that ion exchange satisfies broken bonds on the edges of clay particles,
which themselves act as anions (negatively charged ions), adsorbing positive
jons onto the cleavage planes of their surfaces and negative ions onto their
edges. A second type of ion exchange is lattice substitution, that is, the sub-
stitution of certain ions for others in the lattice structure or on the cleavage
surfaces. This appears to be particularly common in smectites and vermiculites
and largely accounts for their high exchange capacity. Most of these substitu-

tions occur in the octahedral layer, with magnesium and iron particularly sub-

stituting for aluminum. A third mechanism involved in cation exchange is the

adherence of small quantities of three-layer minerals to the sugfaces of other
clay particles {e.g., kaolins), thus increasing the base exchange capacity.
Table 3.5 gives the exchange values of some common clays: clays with ex-
tremely fine particle size and expanding lattices (smectites, montmorillonites},
as well as vermiculite clays, have high exchange capacities, and substitutions
within the lattice (rather than on the surfaces) account for about 80% of their
total exchange capacity (Grim 1968, 194). Kaolinites, on the other hand, be-
cause of their two-layer structure and the arrangement of charges on the ends of
particles (an arrangement very close to the hexagonal structure of the water
film), have low exchange capacity, and exchange takes place only on the basal

oxygen surface of the layer of silica tetrahedrons.
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Table 3.5 Range of Cation Exchange Capacity (meq) of Some Clay Minerals

Clay Norton Grim

Kaolinite 2-5 3-15
Dickite 1-10

Halloysite © 3-15 5-10
Hydrated halloysite 20-35 40-50
Vermiculites 100-150 100-150
Hiites 1040 10-40
Sepiolites, attapulgite 20-30 3-15
Montmorillonite 75-150

Ball clays 7-30

Smectite 80-150
Chlorite 1040
Allophane 25-50

Sotirce: Norton 1970, table 9.1; Grim 1968, table 7-1.

Clays also selectively adsorb ions. In general, trivalent ions are adsorbed
more strongly than bivalent ions, and bivalent more strongly than univalent,
The most common exchangeable cations in clays are Ca?t, Mg?*, H!+, K+,
NH,'*, and Na!*; common anions are SO, CI'-, PO2, and NO,!~, The
order of their replacement power is highly variable, depending on concentra-
tion, size, temperature, and the presence of other ions. In addition to being
less adsorbed, the monovalent jons are usually larger; they have lower bonding
energy, are more mobile, and diminish plasticity by disrupting the nonliquid
structure of the water films surrounding the clay particles, The trivalent and
divalent ions, more highly charged and smaller, increase plasticity because
they fit more securely into the holes in the nonliquid water lattice. Clays with
Ca?* ions have a larger nonliquid zone surrounding the particles than do clays
with Na'* jons and a more abrupt transition to liquid water; this is also a factor
in developing plasticity.

Ions are important in a clay/water mix because by filling the electrically
unsatisfied sites on the particle surfaces, they affect the arrangement of the
clay particles, giving rise to a flocculated or deflocculated state (see Scripture
and Schramm 1926; Johnson and Norton 1941), which is also partly a func-
tion of the pH (hydrogen ion concentration, or acidity versus alkalinity) of
the clay.

In a deflocculated clay particles repel each other and are ordered face-to-
face or in a preferred orientation. Deflocculation usually occurs under neutral
 to alkaline conditions when the clay particles all have the same charge on

edges and surfaces (because ions satisfy the unsatisfied chaiges). These clays
exist as stable dispersed suspensions that resist settling; when they do settle or
dry, they exhibit low shrinkage and high green strength. Deflocculated clays
are the usual basis for slips, which may be used as surface coatings of a clay
- body or for casting in molds (slip casting). Such slips are stable suspensions
with minimum viscosity or resistance to flow as well as a high solids con-
- tent—many clay particles per unit volume. This state can be achieved by
 adding ions that will change the charge on the clay particles. Adding (1+)
cations such as sodium, basic salts such as Na,CO; or Na,Si0,, or alkalies
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such as ammonia or Calgon will deflocculate a flocculated clay system or
make a soft, plastic clay stiffer (though too much can reflocculate it; see
Brody 1979, 28—29). Adding (2+) cations such as calcium or magnesium
(e.g., Epsom salts) will flocculate a systemn, increasing its stiffness.

There is some evidence that there are two types of flocculated clays: one
existing in acid conditions, in which the particles are dispersed in a “house of
cards” arrangement, and the other more closely resembling the face-to-face
orientation of deflocculated clays and occurring under conditions of high pH
(alkalinity). Flocculated systems settle rapidly and dry in a loosely packed
arrangement with large amounts of water trapped between the particles. Dry-
ing shrinkage is usuaily high.

Flocculation/deflocculation and plasticity may also be affected by organic
colloids, collectively referred to as *‘humus™ in soils studies, which comprise
three classes of materials: fulvic acid, humic acid, and humin. These materi-
als contribute to the acidity of soils or clays, particularly in moist, humid
areas, and thus to a flocculatéd state. Colloidal humus particles are very small
(at least as small as the smectite clays), are thought to be noncrystalline, and
have an extremely high exchange capacity. Although the charge of the par-
ticles is pH dependent, it is generally negative so that, like clay particles,
humus may be thought to consist of negatively charged particles surrounded
by positively charged cations.

Organic material in a clay (see Worrall 1956) generally increases plasticity
{sec. 3.2.1) and may be suspected when raw clay is sticky. Organic matter

may also add to the dry strength of extremely sandy clays by increasing the

total amount of finely particulate binding matrix in the mix.

When organic clays are being dried in the laboratory, the colloidal humus
particles frequently migrate to the surface of the clay as pore water moves
outward by capillary action. This leaves a dark brownish film on the upper
surface of the clay. Virtually all clays contain some organic material, if only a
very small percentage. Primary or residual clays typically contain less organic
matter than secondary or sedimentary clays, and surface clay soils may have
5% to 10% or more. Ball clays are commonly high in organics (as well as
salts). Besides affecting plasticity, organic matter also influences the color of a
fired clay piece, as discussed in chapter 4.
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Properties of Clays 11:
Firing Behavior

After plasticity, the second most salient property of clay is its hardening when
subjected to heat. Plastic clay begins to lose water on air-drying, and water
loss continues under elevated temperatures so that ultimately the original min-
eral structure changes and the clay becomes permanently hardened. A fired
clay object is in some senses an artificial stone.

This chapter outlines the changes that occur in a clay material as it is heated
or fired. Increasing temperatures cause progressive and usually irreversible
physical modifications of the clay/water system, which occur at different tem-
peratures and take varying times in particular clay minerals or mixtures of
clay minerals. The preceding discussion of clay properties such as shrinkage
has touched on some of these transformations, but here they are examined in
terms of increasing temperature of firing and the contribution of individual
components of the clay body.

4.1 Variables of Firing

B
Applying beat to a clay alters its physical and chemical characteristics, begin-
ning at relatively low temperatures and continuing through very high tem-
peratures. These changes are all functions of three primary variables of firing:
duration, temperature, and the atmosphere in which the heat is applied and
later allowed to dissipate.

Anthropologists and archaeologists studying the products of nonindustriai-
ized potters, ancient or modern, also are interested in how these three vari-
ables are affected by the technology of firing. The same physical and chemical
changes will occur whether the firing takes place in an electric kiln or an open
bonfire, and the three primary variables of firing will be operative in either
situation. The difference is in their uncontrolled variation and the effects on
the final product (see sec. 5.4).
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in-dealing with the firing of any ceramic body, time, temperature, and at-

osphere must always be considered together. It is not appropriate to discuss
(or infer) the firing technology of any ancient piece by estimating temperature
alone. The duration of firing at that temperature and the atmosphere in which
it took place are also important and should not be ignored.

:The atmosphere of firing refers to the presence of gases, particularly oxy-
gen, while the clay is heated and cooled. Where there is free air circulation
and ample free oxygen to bind with elements on or in the clays, the atmo-
sphere is said to be oxidizing. An atmosphere lacking free oxygen is said to be
reducing and is frequently smoky, though not always. ,

»Some gases in the firing atmosphere are simply those present in the earth’s
atmosphere, such as oxygen and nitrogen. Others result from combustion, for
example, water vapor and carbon dioxide. Carbon monoxide results from an
atmosphere lacking enough oxygen for complete combustion. Sulfurcus gases
(80,) may aiso escape from burning fuel. A third source of gases is the clay
material itself, which on heating may ‘emit water vapor, carbon dioxide, or
sulfur dioxide, depending upon its inclusions and impurities.

In kilns the atmosphere may be controlied by the selection of fuel and by

regulating air circulation within the kiln. In open-air or bonfire firings, used
before the development of kilns and throughout most of the pre-Columbian
New World, the atmosphere was more difficult to control because of wind and
irtegularities in fuel combustion.
. The atmosphere of firing affects several properties of the finished product,
especially color and hardness, but also porosity and shrinkage. Discussions of
the firing atmosphere should specify—if there is variability—the atmosphere
in which the maximum temperature was attained, the atmosphere in which the
maximum temperature was held, and the atmosphere during cooling. These
atmospheres frequently fluctuate as fuel is added to attain a desired tempera-
ture {wood, for example). In addition, cooling may take place in a different
atmosphere than the heating if the air is allowed to circulate or if the pieces are
covered with a layer of ash.

Where kilns were not used, or where kiln technology was relatively simple,
the atmosphere is likely to have been highly variable, neither completely oxi-
fizing nor completely reducing at any stage of firing, and may best be de-
cribed as incompletely oxidizing. A completely reducing atmosphere during
firing is difficult to attain except under well-controlled or extreme conditions
such as complete smothering of the firing load).

:sDetermining the temperature of firing seems to be the goal of most studies

f ancient technology: at what temperature was the vessel fired? Yet this
s relatively insignificant unless one knows the duration of the maximum
emperature and the atmosphere at that temperature. In modern electric or gas

ilns the rate of heating can be carefully controlled and monitored up to the
maximum desired temperature. The same is not true of ancient and mod-

m kilns burning wood or other fuel, though skilled potters carefully judge
emperature by the color of the hot ware in the kiln or the smoke emanating

' The maximum temperature of firing can be approximated by a number of
anatytical techniques (see sec. 14.3) based on certain mineralogical and struc-
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tural changes within the ceramic components. These changes usually occur
over a range of temperatures, however, and they are also affected by the atmo-
sphere of firing. For example, some reactions may be essentially completed,
and certain properties may develop at lower temperatures if the firing atmo-
sphere is reducing rather than oxidizing.

The temperature at which a ware is fired is one important variable distin-
guishing classes of pottery such as earthenware, stoneware, and porcelain (see
sec. 1.1). Equally important, of course, are the composition of the body and
the ingredients that allow certain reactions to take place at that temperature
(sec. 4.2.3). Terra-cottas are low fired at temperatures below 1000°C; virtu-
ally ali non-kiln-fired, unglazed pottery of interest to prehistoric archaeolo-
gists consists of terra-cottas. Earthenwares are fired at from 900°C to approxi-
mately 1200°C; stonewares at 1200—1350°C; and porcelains at approximately
1400°C. Glazed ware frequently needs two firings, which may be at different
temperatures {see sec. 4.2.4).

Pottery firing temperatures are usually given in degrees Celsius (or cen-
tigrade); a conversion chart from Celsius to Fahrenheit is given in table 4.1.
Art-pottery firing temperatures are usually achieved with reference to pyromet-
ric cones—-small pyramids compounded of materials similar to glazes, whose
precise composition varies so that the cones will melt and bend at specific
temperatures given a standard rate of temperature increase. Several kinds and
sizes of cones are used, all of which are numbered from 020 through 01 to 13
(table 4.2), measuring temperatures from roughly 635°C to 1430°C.

Typically, several cones will be selected to bracket the desired kiln tem-
perature: one that melts at a higher temperature, one at a lower temperature,
and one at the desired maturing point. The three cones are set upright in a pad
of clay and placed in the kiln so as to be visible to the potter. When the lowest
cone melts and bends into a semicircle, the proper temperature is approach-
ing and adjustments should be made to hold the temperature constant; when
the highest cone bends, it indicates overfiring (fig. 4.1).

Of greatest interest is how long the ceramic materials were subjected to
maximum temperature. The entire heating time must be considered, however,
and this can be broken down into three stages: the period when the tempera-
ture is raised; the period when the maximum temperature is sustained {the
soaking period); and the period when no fuel is added, temperatures decline,
and the vessels cool to ambient temperature. A

Because time and temperature are so closely refated, what is really of inter-
est is the “work heat” in the kiln, or the effect of a given amount of heat ina

-

Figure 4.1 Pyrometric cones used in gaug- ¢, Proper firing for cone §; d, overfiring for
ing a hypothetical firing: @, unfired cones; cone 8, but not quite proper firing for cone 9.
b, overfiring for cone 7, underfiring for cone 8;

7
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Tabte 4.1 Temperature Conversion Chart, Celsius (°C) and Fahrenheit °F)

°C * °F °C *

~178 32 399 750
—15.0° 41.0 404 760
—122 50.0 416 T 780
-0.4 59.0 427 800
—6.7 68.0 438 820
-39 77.0 449 240
-1} $6.0 454 350
' 95.0 460 860
104.0 471 880
113.0 482 900
122.0 493 920
140.0 504 940
15%.0 510 950
176.0 516 960
194.0 527 930
212.0 538 1000
248 549 1020
284 560 1040
320 566 1050
356 571 1060 °
392 582 1080
413 593 1100
428 604 1120
464 616 1140
482 621 1150
500 627 1160
536 638 1180
572 649 1200
608 660 1220
644 671 1240
662 677 1250
680 682 1260
716 693 1280
752 704 1300
788 116 1320
824 727 1340
842 732 1350
860 738 1360
296 749 1380
9372 760 1400
968 771 1420
1004 782 1440
1022 788 1450
1040 793 1460
1076 804 1480
1112 816 1500
1148 827 1520
1184 838 1540
1202 843 1550
1220 849 1560
1256 860 1580
. 1292 871 1600
firing for i 1328 882 1620
t cone 9. 1364 893 1640
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Table4.1 (cont.)

°C * °F °C *

1650 3002 1282 2340
904 1660 3020 1288 2350

1680 3056 1293 2360
927 1700 3092 1304 2380

1720 3128 1316 2400

1740 3164 1327 2420

1750 3182 1338 2440
960 1760 3200 1343 2450

1780 3236 1349 2460
982 1800 3272 1360 2480
993 1820 3308 1371 2500 4532
1004 1840 3344 1382 2520 4568
1010 1850 3362 1393 2540 4604
1016 1860 3380 1399 2550 4622
1027 1880 3416 1404 2560 4640
1038 1900 3452 1416 2580 4676
1049 1920 3488 1427 2600 4712
1060 1940 3524 1438 2620 4748
1066 1950 3542 1449 2640 4784
1071 1960 3560 1454 2650 4802
1082 1980 3596 1460 2660 4820
1093 2000 1632 1471 2680 4356
1104 2020 3668 1482 2700 4892
1116 2040 3704 1493 2720 4928
12 2050 3722 1504 2740 - 4964
1127 2060 37140 1510 2750 "4982
1138 2080 1776 1516 2760 5000
1149 2100 3812 1527 2780 5036
1160 2120 3848 1538 2800 5072
1171 2140 3884 1549 2820 5108
1177 2150 3902 1560 2840 5144
1182 2160 3920 1566 2850 5162
1193 2180 3956 1571 2860 5180
1204 2200 3992 1582 2880 5216
1216 2220 4028 1593 2900 5252
1227 2240 4064 1604 2920 5288
1232 2250 4082 1616 2940 5324
1238 2260 4100 1621 2950 5342
1249 2280 4136 1627 2960 5360
1260 2300 4172 1638 2980 p 539
1271 2320 4208 1649 3000 5432

Source: After Lawrence and West 1982, app. A-9.

Note: This chart can be used in two ways: (1) Any Celsius temperature in the left column can be
converted into Fahrenheit by reading across on the same line to its equivalent in the center col-
wmn. Similarly, any Fahrenheit temperature in the right column can be expressed in Celsius by
reading across on the same line to its equivalent in the center column. {2) The temperature of
interest can be found in the center column, and its Fahrenheit equivalent may be found to the
right, or its Celsius equivalent to the left.

Temperature cOnversion formulas: °F = (°C X %) + 32, °C=(CF = 3} X .

given amount of time. The “work-heat ratio” is registered by pyrometric
cones, but not by measurement of temperature alone.
As mentioned above, the changes that occur as a ceramic is heated usually
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able 4.2 Pyrometric Cone Equivalent (PCE) Temperatures, Orton and Seger Cones (°C)

Orton Cones '
“‘Cone Number Large Cones® Small Cones® Seger Cones

020 635 666 670
019 683 723 690
018 717 752 710
017 747 784 730
016 792 825 750
015 804 843 790
014 338 815
013 852 835
012 884 855
011 894 880
010 894 900
09 923 920
08 955 940
o7 984 960
06 999 980
1046 1060
1660 1020
1101 1040
1120 H60
1137 1080
1154-1160 1100
1162-1163 i120
1168-1170 1140
11861190 1160
1196-1205 1180
1222-1230 12060
1240-1250 1230
1263-1260 1250
12801285 1280
1305 1300
1315-1325 1320
13261337 1350
1346-1349 1330
13661398 1410

1431-1430 14301435
1491 1460
1512 . 1480
1522 1500
1541 1520
1564 1530

ource: After Nelson 1984, 325; Grimshaw 1971, tables Xlia,b. -
Note: Orton cones are used in America, Seger cones are used in Europe,
*Bending temperatures for large Orton cones are based on a heating rate of 150°C (temperature
ise per hour). Nelson and Grimshaw give different temperatures for the cones; where two tem-
peratures are given, the first temperature is from Nelson, the second from Grimshaw.
*Bending temperatures for small Qrton cones are based on a heating rate of 300°C (temperature
per hour).

e place within a range of temperatures, and whether they are completed
ay depend on how long a given temperature is held. Nonkiln bonfire firings
-are generaily short, a matter of minutes (Shepard 1976, 87, 89; see also sec.




THE Raw MATERIALS OF POTTERY MAKING

5.4.1.1); the rate of heating is usually uncontroiled but very fast, and the
highest temperature is held only briefly before cooling begins. Kiln firings are
considerably longer, and higher temperatures are achieved more gradually.
Cardew (1969, 176) suggests that for a terra-cotta firing with wood as the
fuel, a safe rate of temperature rise is twelve hours to 900° C. This slow rate
of heating to high temperatures is in part a response to the temperature differ-
ential, or thermal gradient, between the surfaces and interior of the walls of a
ceramic piece; different physical and chemical changes are taking place at dif-
ferent times within the body of the clay, which can set up damaging stresses
(see sec. 4.2).

The changes that occur in a fired ceramic have been studied under the con-
trolled conditions of scientific laboratories with clays of known chemical,
mineral, and particle-size composition. Yet it is dangerous to apply such con-
clusions too stringently to the materials and products of nonindustrial potters
in interpreting their choices and procedures. Neither clay composition nor fir-
ing conditions in the past were subject to modern industrial quality control
and testing. For example, the clays used in much ancient pottery were prob-
ably not pure kaolins or smectites; nor was the firing process identical to heat-
ing experiments lasting one-hundred hours or more in the lab, which allow the
clay body ingredients to change completely and reach equilibrium. Further-
more, it is certain that in the rapid bonfire firings common in many parts of .
the world, the clay body does not even approach maturity—the maximum
hardness and minimum porosity of a particular composition or ware. There
are many exceptions to these generalizations, the most outstanding being the
production of Chingse porcelains, in which the quality control from clay prepa-
ration to firing seems to have been extraordinary, to judge from eighteenth-
century accounts (e.g., Staehelin 1965; Burton 1906, 84—122).

Engineering tests do, however, provide a framework for understanding the
development of the distinctive characteristics that for millennia have made ce-
ramic materials so useful as utensils. If due caution is employed in their inter-
pretation, these investigations let us appreciate the sophistication of ancient
potters in successtully manipulating raw materials—clay and heat—to achieve
their desired ends.

4.2 Physical and Chemical Changes in Firing

The changes that begin at the lowest temperatures and last longest are con-
tinuations of the drying process: the movement of water and other m%teri—
als, chiefly organics, from the interior to the exterior of the piece. These then
volatilize and escape into the atmosphere as gases, causing weight loss and
shrinkage in the piece (though there may be some initial expansion of the clay
mineral itself). The changes are most pronounced at the relatively low tem-
peratures used for terra-cotta (up to 800—900°C), the range at which much of
the unglazed, non-kiln-fired pottery of prehistory was fired. The loss of water
in the clay mineral structure brings about changes in the clay mineral itself,
which lead to the formation of new minerals characteristic of high-temperature
firings. At high temperatures—above 900—1000°C or so—additional changes
in the form of sintering and vitrification, augmented by the action of im-
purities and inclusions in the clay mix, produce a glassy, nonporous ceramic
body. The following sections describe each of these processes in turn.
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2.1, Loss of Volatiles

ost of the weight loss and shrinkage in a clay body result from loss of water,
wciuding the remainder of the mechanically combined or pore water left in
he clay after drying at ambient temperatures. This water is held on the sur-
ices of clay particles, but ions on the surfaces may also be hydrated with
several water molecules. This surface-adsorbed water turns to vapor and is
largely driven off by 200-300°C. If there is too much water (owing to incom-
‘plete drying) or if it is removed too fast {e.g., in very fine clays), hairline
racks may occur in firing or the piece may explode in the kiln.
+As the temperature rises, the chemically combined water—the hydroxyis
ithin the chemical composition of the clay, existing as interlayer or lattice
ater—begins to be lost. The temperature at which the hydroxyls are lost var-
es with rate of heating and type of clay mineral (fig. 4.2). Kaolinites, for
xample, lose most of their water rather abruptly between 400 and 525°C.
- Smectites, on the other hand, because of their small particle size and abil-
ty to hold water and ions between their unit layers, have a good deal more
urface-adsorbed water to lose initially. On beating, they give up a great deal
f water at very low temperatures between 100 and 200°C, much of it being
the interlayer water held between the silicate sheets. The water loss between
00 and 200°C, if graphed by weight loss of the clay, often shows a double
peak. This may be attributable to the loss of two types of water: water of
ydration of adsorbed ions on the surface of the particles, and water adsorbed
nto the surface of the clay particles themselves (Grim 1968, 314).
::Cracking and explosion from too rapid heating and removal of water in
these fine, highly hydrated smectite clays are particular hazards. At higher
temperatures most of the water lost is lattice water, the dehydroxylation oc-
urring over a relatively broad range of roughly 300-800°C. The ions on the
urface of smectite particles apparently are influential in dehydroxylation,
with large numbers of polyvalent ions lowering the temperature of hydration.
mectites require less heat to achieve dehydration than do kaolinites. Illite
lays lose much of their water between about 300 and 600°C, and they also
xperience considerable loss below 100°C.
Because much of the clay used for nonindustrial pottery is not in pure de-
_posits but consists of several clay minerals mixed together, it is of some inter-

re 4.2 Weight loss of four clays with heating. The
pid increase in weight loss at about 400°C corresponds
‘dehydroxylation. After Norton 1970, fig. 15.4. Halloysite

Weignt loss (in percent)

400

Temperature (in

°C.

1
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est to look at the dehydration behavior of the mixture. In general, it appears
that mixing lowers the temperature at which the hydroxyl water is lost and
also makes the loss more gradual, thus smoothing out the dehydration curve
(Grim 1968, 349).

Besides water, a second component of the clay material volatilizes and con-
tributes significantly to weight loss and shrinkage in firing. This is the organic
material present in varying amounts in virtually all clays. The oxidation of
carbon begins at 200°C or shortly above this temperature, when any carbon in
the clay begins to burn out or oxidize as CO and CO,. Clay briquettes fired to
temperatures between 400 and 500°C are frequently blackened as the carbon
particles move to the surfaces from the interior. The carbon usually is not
effectively eliminated until temperatures above 600°C-—usually about 750°C
‘or more—are reached, and the atmosphere must contain free oxygen.

How long it takes to burn out the carbon depends on many factors: time and
temperature of firing, the degree to which the atmosphere is oxidizing, the
amount of carbon originally in the clay material; the fineness of the clay
(hence the number and size of capillaries allowing carbon to move from the
interior to the surfaces), and the specific clay mineral involved {e.g., smec-
tites strongly retain organic material in their structure, and carbon is not read-
ily given up in firing). Large amounts of carbon in a clay will cause greater
shrinkage during firing as the organics are oxidized and burned out of the bulk
volume. The incomplete oxidation of carbon in firing leads to the dark core
often seen in the broken cross section of ceramics fired to relatively low tem-
peratures for short periods or of very fine-textured pottery (fig.'4.3).

Besides water and organics, other impurities and inclusions may also vola-
tilize in the temperature range of 500—800°C. Among these are carbonates,
sulfates, and sulfides, occurring as calcite, dolomite, marcasite, pyrite or
gypsum. Salts such as NaCl, Na,CO,, or MgS0, (Epsom salts) usually mi-
grate to the surface of the clay piece during drying. On heating these decom-
pose, releasing CO, and SO,, further contributing to the weight loss. Chlo-
rides in particular react with any iron present to form FeCl,, which volatilizes
readily at about 800°C.

The net effect of the breakdown and loss of organic matter, mechanically
combined water, and carbonates and salts is continued weight loss and shrink-
age of the clay body beyond the effects of drying. Both kinds of changes are
negligible in a representative kaolin clay up to about 450—500¢C but are sig-
nificant at higher temperatures. Shrinkage occurs largely because the clay
particles continue to draw together as pore water and then interlayer and lat-
tice water are eliminated from the system. Shrinkage is accompanied by in-
creasing density and decreasing porosity or absorption of the clay body as
pores close (table 4.3). At higher temperatures, shrinkage increases as new
minerals form and the clay body melts into a glassy phase.

Like drying shrinkage, firing shrinkage occurs in linear and volume dimen- -
sions. Also as in drying, the shrinkage frequently is differential, following the
patterns caused by preferred orientation of the clay particles (see sec. 3.3.3);

this orientation will in turn be exaggerated in the additional shrinkage during
firing. The most pronounced particle orientation effects are seen in seams of
wares cast in molds. Preferred orientation shrinkage effects will be exag-




‘Figure 4.3 Laboratory firing of Florida clay
C-16 (see fig. 3.9), showing the relation of the
‘thickness of carbon coring to the relative par-
ticle size distribution of the clay. Briquettes on
the left are made of the natural clay; briquettes
oon the right are made of clay that has been
‘sieved, with sand-sized particles coarser than
"120 mesh removed, In the coarse clay, the car-
bon core is small, with diffuse edges, and has " 0 min.
‘burned out after twenty minutes, while in the

fine clay the core is large with relatively clear

edges, and is sizable even after twenty-five .
minutes of firing at 500°C. 5 min.

Unfired

Natural Clay

10 min.

15 min.

ble 4.3 Firing Shrinkage and Absorption of a Group of Pottery Clays

Fired to Cone 04 Fired to Cone 4 Fired to Cone 9
(1060°C) (1186°C) (1280°C)

_ % % % % % %
" Clay Type Shrinkage ~ Absorption  Shrinkage  Absorption  Shrinkage  Absorption

* Ohio red clay 115 3.9 12.5 0 Bloated
11.0 9.7 15.0 34 15.0
9.0 12.2 10.5 84 12.0
6.5 16.8 8.5 11.6 10.5
10.0 1.5 Bloated
10.0 9.5 13.0 16.0 16.0
14.0 16.0 18.0 15.0 18.0
8.0 1.7 10.0 89 11.0
12.5 25.2 16.5 12.7 18.5
8.0 29.6 8.0 26.9 12.0
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gerated by the thermal gradient, or differences in temperature within the wall
of a clay piece during firing. Dehydroxylation (loss of hydroxyls) is an endo-
thermic reaction in which heat is necessary and is absorbed. As a result, not
only is the interior of the clay cooler than the exterior surfaces, but dehydroxy-
lation is completed more rapidly and shrinkage begins on the exterior while
the interior is still expanding (fig. 4.4). If the preferred particle orientation
exists primarily on the surfaces (e.g., as from burnishing), the cracking from
shrinkage stresses could be especially severe.

Firing shrinkage and weight loss arc measured while heating the clay to
produce a constant rate of temperature increase. Linear thermal expansion
may be measured continuously during firing by a recording dilatometer.
Weight is measured by a thermogravimetric balance that monitors weight loss
on heating (fig. 4.5). Alternatively, the clay pieces may be removed, carefully
weighed and measured while still hot, then returned to the fire. In such a pro-
cedure the humidity of the weighing environment must be carefuily con-
trolled, because it can contribute to small weight changes in the fired piece. In
most instances, the weight loss and shrinkage are noted as a function of tem-
perature and graphed as such (see also sec. 13.2.3).

4.2.2 Changes in the Clay Minerals

At higher temperatures (above approximately 600°C), after the water of hydra-
tion is lost from the clay minerals, the clays undergo major alterations in their
chemical and mineral structures. Most of these changes occur primarily at
temperatures rarely, if ever, attained under the conditions associated with non-
glazed ware bonfire firing, but some do begin earlier in the firing sequence.

Most work on thermal changes has been done on kaolin clays (fig. 4.6).
When kaolinite is heated above approximately 500°C (Grim 1968, 304), the
removal of the OH'~ groups results in an altered mineral called metakaolin
(A1,0; - 28i0,). Metakaolin has a slightly disordered crystalline structure that
is difficult to study by X-ray diffraction, but with electron diffraction the par-
ticles show a structure very similar to that of the original kaolinite. That the
original structure may not be substantially lost is supported by the fact that
metakaolin can sometimes be rehydrated back to kaolin and the hexagonal
shape of the particles is preserved.

In smectite minerals, which have a three-layer structure, the fss of inter-
layer water may cause irreversible changes at lower temperatures than in kao-
linite, which has a two-layer structure. Major dehydroxylation occurs at about
600°C, as shown by weight-loss curves.

At still higher temperatures, 900°C and above, the clay minerals lose all
water and their lattice structure collapses irreversibly. If the firing is long
enough, the clay minerals break down and form new silicates called high-
temperature minerals because of their conditions of formation. In kaolins, at
about 950°C metakaolin breaks down into an alumina-rich alteration product,
spinel, plus free silica. This recrystallization is accompanied by a sharp in-
crease in shrinkage. Above this temperature—between 1050 and 1275°C—-
spinel forms mullite (3A 1,0, - 2810,), which exists in needles or rodlike crys-
tals. These mullite needles reinforce and strengthen the fired piece.
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‘4.4 Thermal expansion of a white-
heated in a periodic kiln at temperatures
cal for the formation of preheating cracks,
nparing expansion of the external surface
d line) with interior core (broken line).
the outside expands, cracks form under
stresses and progress inward; they re-

aln open as the interior continues to expand
stay open during the remainder of the fir-
g because there are no compressive stresses
e them. Lawrcn_ce and West 1982, 146,

8, fig. 9-9. 2 3 593 619
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e considerations refer to alterations in clay minerals alone rather than
anges in triaxial bodies over mixtures of clays and other ingredients. It
ould be noted, however, that clay bodies for ceramic products usually con-
ubstances (fluxes) to promote melting of the clay into a glass, which may

at temperatures between 900 and 1100°C. Thus additional changes oc-

in clay bodies at these temperatores, besides the mineral alterations,
‘accelerated shrinkage and decreased porosity as the material melts

id forms a glass. At still higher temperatures, beginning above 1275°C and
ing to 1460°C, there is another sharp increase in shrinkage as cristobal-
ilimanite, and kyanite are formed. These minerals occur in nature as in-
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clusions in metamorphic rocks, which have been subjected to intense heat and
alteration during their formation. Impurities in the clays, especially K,O and
Ca0, lower the temperatures at which these high-temperature changes occur
(Johnson, Pask, and Moya 1982). :

Smectites go through the same general transitions, but at different tempera-
tures and with some variations influenced by the ionic substitutions common
in these chemically variable clays (see Wahl 1965). The substitutions have the
overall effect of lowering the temperatures at which the high-temperature
minerals are formed as well as making smectites less refractory (less resistant
to melting) than kaolins. The lattice structure of montmorillonites (Grim and
Kulbicki 1961) is generally maintained until approximately 800-900°C.
Above these temperatures, there seem to be two kinds of reactions a montmoril-
lonite may undergo. In some clays, especially those with A1** jonic substitu-
tions in the tetrahedral layer, spinel begins to form; in other montmorillonites
{generally. those Yow in iron), quartz rather than spinel develops. The order
and temperature of appearance of high-temperature minerals such as mullite,
cristobalite, and cordierite also vary in these two categories of montmoril-
lonite. The presence of lithium, sodium, and potassium reduces the develop-
ment of high-temperature minerals and also lowers the maximum tempera-
tures to which they persist.

The structure of illite clays persists until 850°C or beyond, sometimes being
identified at temperatures as high as 1000°C. Spinel appears at about 900—
1000°C, and mullite, too, may occur at this low temperature.

High-temperature changes in clay minerals and clay bodies are studied by
two primary methods. One of these is differential thermal analysis, or DTA,
in which a sample of the clay is heated at a known rate together with samples
of a thermally inert or unreactive material like alumina, which assumes the
temperature of the furnace. The temperature differentials between the clay
and the alumina reftect reactions and change within the clay, such as the con-
version to metakaolin or mullite, as described above. Some of these reactions
are exothermic (heat is given off by the reaction), while others are endother-
mic (heat is necessary for the reaction to take place and is absorbed). In most
clays the loss of interlayer and lattice water is an endothermic reaction. For
example, in kaolinite the reaction that occurs at roughly 600°C, loss of hy-
droxyls and formation of metakaolin, is endothermic, while the formation of
spinel at 950°C is exothermic. The reactions are typically gl%phed from an
arbitrary baseline as a function of the increasing furnace or kiln temperature
(fig. 4.7; also fig. 4.5). Exothermic reactions are shown as upward curves and
endothermic reactions as downward curves from the baseline, the distance
from the base indicating the intensity of the reaction (see Johnson, Pask, and
Moya 1982; Grim and Rowland 1942). The area under the peak is propor-
fional to the latent heat of the reaction and can be used to evaluate it if the
instrument is calibrated. 7

In addition to thermal analysis, another important method for studying
clays at high temperatures is X-ray diffraction (see sec. 13.2.2}, which allows
investigation of the crystal structure, and changes in that structure, of the
clays and of minerals formed from the clays by analysis of their atomic ar-
rangements or lattices. Ideally, X-ray diffraction measurements are made
while the sample is at a high temperature, but since most of the reactions stud-
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Figure 4.7 Generalized differential thermal analysis
(DTA) curves for clay minerals: a, kaolinite; b, halloysite;
,” Na-montmorillonite; 4, Ca-montmorillonite; e, ver-

:miculite; J. sepiolite; g, palygorskite. Note low-tempera-
re (100-200°C) endotherms corresponding to dehy-
roxylation of clays with quantities of water in their

-chemical structures (montmorillonite, vermiculite, sepio-
- lite, and palygorskite. After Neumann 1977, fig. 20.
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are irreversible, a room-temperature experiment following heating to a

n temperature may be satisfactory. In situations where the particles are
0o small or too poorly crystalline for X-ray diffraction analysis, electron dif-
fraction may be used instead, for example, in the study of metakaolin.

.3 Changes in Inclusions and Impurities

clusions and impurities in any clay body play significant roles not only in
¢ drying phase, as discussed in chapter 3, but also in all phases of firing.
nclusions may be naturally present in a clay or may be added by the potter as
per (sec. 14.1); but whatever their origin, they are important during firing
odifying the expansion, shrinkage, and microstructure of a clay body (see
table 4.4).  This discussion focuses on three major kinds of inclusions—
uartz, feldspar, and lime—and their roles during moderate- and high-
temperature phases of firing, particularly in melting and fusion.
The melting and fusicn of a ceramic can be discussed in terms of sintering
d vitrification. In sintering the surfaces of particles begin to stick to or fuse
th other particle surfaces, and it may occur as a solid-state or liquid-phase
ction. In solid-state sintering, the surface diffusion of atoms between the
articles forms a join or “neck’ between them, and no melting or liquid phase
s involved. A variety of complex processes accounts for the transfer of mate-
al between adjacent grains (Kingery, Bowen, and Uhlmann 1976, 469-79;
imshaw 1971, 681—84; Anseau, Deletter, and Cambier 1981; Burke 1985),
ch usually results in shrinkage of the mass and in pores’ changing shape
oming more spherical) or being eliminated. The rate of sintering is more
or less inversely proportional to particle size. In liguid-phase sintering the
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Table 4.4 Percentage Changes in Volume of Tempered and Untempered Clays with Heating

Firing Temperature (°C)
Clay Type 200 400 600 800 1000 1200 1400
Plastic clay +0.1 +0.3 +0.3 0.0 —43 -16.2 —
Clay plus 30% sand +0.3 +0.5 +0.5 +0.8 -0.1 —4.3 —
Fireclay +0.1 +0.2 +0.3 +0.4 0.0 -9.2 -14.0
Clay plus 20% grog +0.1 +0.2 +0.4 +0.4 +0.1 —-6.3 =9.5
Clay plus 40% grog +0.2 +0.2 +0.5 +0.6 +0.4 -3.0 —6.2

Source: Grimshaw 1971, table XII-XII.
Note: Soaking time of two hours at each temperature.

fusion takes place when some constituents of the body (e.g., fluxes such as
feldspars) begin to melt, forming a liquid. As sintering proceeds more of the
solid melts, so that the particles draw closer together and the pores between
them get smaller, giving rise to shrinkage, loss of porosity, and densification
of the body. This shrinkage is enhanced by the surface tension forces of the
glassy melt between the particles.

In vitrification a glassy phase forms as a result of continued heating and
extension of liguid-phase sintering. In this process, defined as densification
with the aid of a viscous liquid phase (Kingery, Bowen, and Uhlmann 1976,
490), the particles melt and form a bond for the body, pores are eliminated,
the body becomes increasingly dense, and the mass shrinks considerably. If
vitrification proceeds to an extreme of meiting, the entire mass loses its form
and may warp or slump under its own weight.

Sintering and vitrification begin earlier in very fine-textured materials than
in coarse ones, even below the standard vitrification temperatures of the con-
stituent minerals. This is true of very fine particles whatever their nature, in-
cluding clays, feldspars, and quartz. It is an important point, not just in terms
of high-temperature bodies and glazes of commercial or studio ceramics, but
also for understanding the advantages of using very fine colloidal clays for
slips. Besides feldspars, many naturaily occurring materials or impurities in
clays can act as fluxes in the body or in slips if they have extremely small
particles. One of the most common of these is iron; very finely divided iron in
a reduced state (ferrous oxide, FeQ) may act as a flux at low temperatures
between 800 and 900°C (see Grimshaw 1971, 275-97). Similadaction may
be caused by mica (see Arayaphong, McLaren, and Phelps 1984), boron, or
lead minerals.

Inclusions are also important in developing use-related properties such as
strength, thermal shock resistance, and porosity as well as in determining the
color and hardness of the fired product. All of these functions are discussed
elsewhere (chaps. 7 and 12}, but the use-related mechanical properties will be
briefly surveyed below with specific reference to the role of inclusions.

4,2.3.1 Quartrz

The most common and abundant inclusion in most ceramic bodies—whether
they are natural clays or triaxial bodies created by formulas (fig. 3.9)—is
quartz, or free crystalline silica, $i0,. Silica in its many forms is the earth’s
most stable and abundant natural mineral. Structurally, quartz is composed of
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8i0, tetrahedrons, the same units that composed the silica layers of clays. In
" quartz, however, the tetrahedrons are arranged not in a sheetlike structure, but
-in spiral chains.
In the modern commercial or craft pottery business, silica may be referred
-to as potter’s flint or sand, and often it is found as ground glass. Flint is very
finely crystalline (micro- or cryptocrystalline) hydrated silica, containing 1%
water in molecular form; it is less dense than sand, having very fine pores as a
“¢consequence of its cryptocrystalline structure. Silica thus has macrocrystal-
line (quartz or quartz sand) and cryptocrystalline (flint; also chert, chalce-
*dony, agate, jasper) mineral forms that are important to potters; but a third
~class of silica—an amorphous form including organic, opaline, or biosilica—
is: occasionally found in pottery. Biosilica may occur in trees or grasses as
phytoliths and may be freed by burning the plant. Alternatively, silica may be
.-present in pottery as sponge spicules or diatoms (skeletons of siliceous orga-
nisms), both of which are often intermixed in fresh water or marine sedi-

Silica or quartz is an important component of triaxial bodies, and it is for
this use that its characteristics have been most thoroughly studied. It is impor-
tant in determining the structural properties (shrinkage, porosity, strength) of
clay bodies, but this function is influenced by particle size and crystallinity
(whether the silica occurs as sand or microcrystalline flint; see Johnson 1976).
It is also modified to some extent by the transformations quartz undergoes on
heating. Although quartz is a refractory mineral—that is, it resists melting
until 1710°C—during heating to high temperatures it undergoes three inver-
sions, or changes in atomic structure and bonding. These inversions which

cur at 573, 867-70, and 1250°C, have accompanying changes in related
properties such as density and specific gravity.

The first inversion occurs rather rapidly at 573 = 5°C and is a change from
alpha to beta quartz. This transformation is accompanied by a structural
change resulting in an expansion of the quartz grains, the expansion in volume
being 2%, and the linear expansion 1.03%. This expansion of the particles of
quartz in the clay body may not have any effect on the fired ware, however,
because it occurs simultaneously with the removal of large amounts of water
from the clay body (between 500 and 600°C) when the clay body is shrinking.

rstudies of thin sections of archaeological pottery from the New World,
Shepard (1976, 29) noted no shattering of quartz grains that could be at-
tributed to this inversion, perhaps in part because of the very rapid heating

hedule used by the potters.

The second and third quartz inversions, which begin at 867 and 1250°C,
lead to formation of tridymite from beta quartz and then to cristobalite from

idymite. These are very slow and sluggish reactions involving major re-

ngements of the strongly bonded silica-oxygen tetrahedrons. Because

ese transformations take place slowly, the degree to which they occur in a
clay body depends on how long the temperature is held at or above these criti-

i points. Cristobalite stabilizes at 1470°C, but at that temperature not all

:dymite or beta quartz will necessarily have turned to cristobalite unless the

mperature has been held long enough. In fact, much of the cristobalite in

red clay bodies probably comes not from the quartz changes but from free

0,, which is liberated when mullite forms from the clay at 1050—1100°C
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(fig. 4.6). Most nonkiln firings do not even remotely approach the tridymite
and cristobalite inversions and probably are too short for any significant for-
mation even of tridymite. The alpha-beta quartz inversion, however, is well
within the range of such firing technology.

At high temperatures these inversions are hastened by the presence of
fluxes. Fluxes also cause the quartz particles to dissolve to form a siliceous
glass, with a volume increase of 2.05%. The silica liquid undergoes very little
thermal expansion with increasing temperatures, but the incompletely dis-
solved crystals have a large thermal expansion coefficient. On cooling, differ-
ential shrinkage causes stresses that may result in the cracking of large crys-
tals (> 30 wm), creating microcracks in the clay body. Particles of 8 pm or
less melt easily to form a glass. As the body cools, beta-cristobalite reverts to
a lower temperature form, called alpha cristobalite, at a temperature between
200 and 270°C, accompanied by a volume contraction of approximately 2%.
There is no reversion back to alpha quartz.

The role of quartz in enhancing desirable properties of fired clay bodies or
eliminating undesirable ones has been the subject of numerous studies. Quartz
reduces firing shrinkage, but unless it is of very small particle size or is
present in very small amounts, it may aiso lessen fired strength, in part be-
cause of the expansion occurring with the alpha-beta inversion, but also be-
cause of the microcracking resulting from larger particles at high tempera-
tures. Much of the influence of quartz in a clay body is a function of particle
size; in potter’s flints, approximately 50% of the material is below 30 pom.

4.2.3.2 FELDSPAR :

A second important category of inclusions in ceramic bodies is feldspar. Feid-
spars, as discussed in section 2.2, are a large family of silicate rocks that con-
stitute the most abundant mineral category in the earth’s crust. These minerals
occur primarily in granites and pegmatites, often with associations of mica,
and they are in addition the primary parent materials of clay minerals. Feld-
spars are often present in small amounts in natural clays, especially primary
clays, as a result of incomplete weathering.

Consisting primarily of SiO, tetrahedrons, the feldspars have significant
substitutions of aluminum for the silicon atom in the center of the tetrahe-
drons, together with additional potassium, sodium, or calcium ions that main-
tain electrical neutrality. These latter substitutions give rise to the main cate-
gorics of feldspars, the potash, soda, and lime feldspars. The feldspar family,
in other words, consists of a contintum of aluminosilicate minerals, with
graded compositions based on the proportions of three key elements: po-
tassium (the resultant minerals being orthoclase and microcline), sodium {al-
bite), and calcium (anorthite). These last two, the soda and lime feldspars,
constitute a series called the plagioclases.

Rarely do other ions substitute for K'*, Na'*, or Ca** in the feldspars; iron,
a common substitution in the clay mineral structure, never is part of the feld-
spar composition. Because the number of silicon ions replaced by these ions
may vary to maintain balanced electrical charges, the proportion of silica
varies in the several kinds of feldspars, potash feldspars having an average of
64.7% silica while the lime feldspars average only 42.8% (Cardew 1969, 44).

.
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Table 4.5 Fluxing Action of Different Particle Sizes of Feldspar and Effects on Porosity of
a China Clay

Porosity

Feldspar Firing Temperature (°C}
Size  Amount
{mesh) (%) Unfired 1000 1100 1180 1280

40 40 31.0 34.5 30.95 23.65 10.95
20 36.6 40.0 37.15 300 18.45
100 40 32.85 36.5 30.8 17.1 6.6
20 37.0 41.0 384 . 27.5 14.4
200 490 351 38.6 22.65 14.3 6.0
20 38.05 41.55 336 23.7 10.5

Source: After Grimshaw 1971, table XII-XVI.

When subjected to the high temperatures of ceramic firing, feldspars do not
undergo inversions of their atomic structure. Instead they melt, and feldspars
are used in the ceramic industry as fluxes (see Schramm and Hall 1936).
When finely ground (to 40 wm, or 0.04 mm), feldspars promote melting or
sintering by virtue of three properties. First, most feldspars have a relatively
low melting point or high fusibility: potash feldspars begin to mekt at 1150°C,
and soda feldspars melt at 1118°C. (Lime feldspar, being high in alumina
[36.7%] and low in SiO,, melts at a much higher temperature, 1550°C, but
that temperature can be lowered if other feldspars are present or if limestone
and quartz are added.) Second, feldspars are highly viscous on meiting and
form a thick, rather than thin and runny, liquid. Third, their very fine particles
enhance their readiness to sinter and fuse. The net resuit is a dense body with
reduced porosity (table 4.5),

Feldspars may be deliberately added to ceramic bodies, particularly potash
or soda feldspars or nepheline syenite (a naturally occurring mineral with both
potassium and sodium in its composition}. Or crushed particles of feldspar-
containing rock such as granite or basalt may be added. Rarely are these fine
enough in particle size to have the fluxing action described above, how-
ever. Many primary clay deposits contain particles of unweathered or partly
weathered feldspars as residual minerals, together with quartz. These materi-
als combine in their natural state the three major components—clay, feldspar,
and quartz—that are mixed artificially in triaxial bodies of commercial
manufactures.

4.2.3.3 Caicium

A third important group of minerals in pottery is the calcium family (see

Grimshaw 1971, 279-80), which most commonly occurs in various forms of

calcium carbonate (CaCQ,), such as limestone, calcite, and shell, or as cal-

civm sulfate, such as gypsum (CaSO,). Lime or calcium may occur naturally

in clays, and then the clay is described as calcareous or marly. Calcium may -
sometimes be added to clays, for example, in the form of animal bone ash or

calcium triphosphate (Ca,;[PO,],). Bone ash may compose S0% of the body of

English bone china; the ash is made of finely ground, calcined ox bones and is

responsible for the translucency of the ware (sce Weyl 1941).
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Network formers create the largely unordered structure of the glass by com-
ining oxygen atoms with certain cations, and by the arrangement of the re-
ultant tetrahedrons. Although boron (B,0s) and phosphorus (P,0;) can meet

thése structural criteria, the most important of the network formers for glass
and glazes is silica, Si0, (fig. 2.4).

Network modifiers are oxides that enter holes in the network of silica tetra-
edrons. These oxides usually have larger ionic radii than silica and weaken
he bonds in the network; they also have the important role of lowering the

very high melting point of silica, which is normally 1710°C. Commonly act-
iig-as fluxes, these modifiers include Na,O, K,Q, PbQ, Ca0, and MgO.

Intermediates are oxides that replace part of the silica and usually serve one
i both of two functions. One function is to increase the viscosity (stiffness)
of the glaze, which was originally lowered by adding fluxes, A glaze is melted
in place on a body, so it must run, but it should not be too runny, and small
amounts of alumina {(often added as a ball clay) will give the requisite stiff-
niess. A second function of intermediates is to strengthen the glaze in firing,
for example, in reducing crazing. A1,0,, PbO, Zn0, ZrQ,, and CdO are com-
mon intermediates. Finally, a variety of metallic oxides, such as oxides of

m, copper, manganese, cobalt, and chromium, are added as colorants (see

11.2.4), and organic materials may be used as binders to increase the

ength of the raw glaze (Nelson 1984, 263).

Glazes may be applied to an unfired clay object and the piece finished in a

gle firing, but typically two firings are used. The first firing of the unglazed

dy is called the bisque or biscuit firing and is commonly done at tempera-
tures of 900—1000°C. The ware is then cooled and the glaze is applied and
red in the glost firing. The bisque firing makes the piece stronger for dip-
ping in the glaze and decorating, permits it to undergo most or all of its firing
kage, and leaves the body porous enough that the glaze adheres better.

The glost firing may be done at about the same temperature as the bisque fir-

,-or it may be higher or lower. Chinese glazed porcelains, for example,
often had low-fired lead glazes applied to the high-fired biscuit porcelain body
(Medley 1976, 14).

Glazes may be described and classified in many ways; for example, by their

faturing temperature, their composition {chiefly with reference to the prin-

al modifier), and the wares on which they may be used (see Hodges 1976,

1). They are frequently classified as high-temperature (or hard) and low-

nperature (or soft), depending on whether they are fired below 1150—

00°C or above 1200—1250°C. High-fire glazes typically contain feldspars

or alkaline earth minerals such as calcium carbonate (whiting), dolomite,
barium carbonate. Low-fire glazes (see Brody 1979, 75-89) either are al-
ine in composition {containing borax or soda ash, for example) or are lead
plazes, with lead as the principal flux; the soft, white tin glazes of majolicas
lead glazes with approximately 5% tin added as an opacifier. While low-
emperature glazes can be used on high-fired (bisque) bodies, it is difficult or
impossible to use a high-temperature glaze on a body with a low maturing
mperature (such as an earthenware) because of the danger of overfiring and
deformation. Bristol glazes, using zinc as a flux, were developed in England
iminate the toxicity of lead-fluxed glazes. Slip glazes are high in iron and
clay, which gives them their name; a material from prehistory that is often )
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called a slip glaze is the unusual slip of highland Maya Plumbate pottery,
which is partially vitrified (see Shepard 1948a).

Glazes may be compounded either from a variety of raw ingredients or from
frits (see below), then mixed as liquids and applied to vessels in a number of
ways, including dipping, pouring, splashing, painting, and spraying. Glazes
made of raw matertals are less expensive and are more resistant to chemical
and mechanical attack. Some glazes are simpler to produce than others, how-
ever. A high-fired ash glaze may be created by dusting the surface with wood
ash {or it may occur by the circulation of ash in the kiln atmosphere). Salt
glazes are a type of noncompounded, once-fired alkali glaze created by throw-
ing or shoveling salt (NaCl) into the kiln at temperatures of 1100—1250°C.
The salt decomposes, with sodium acting as a flux when the ions make contact
with the ingredients of the surfaces of the vessels, while the chiorine volatizes
and escapes as a gas (Starkey 1977, 2):

C2NaCl + 10 8 HHCIT + Nao;
Na,0 + AlLO; - 48i0, = Na,O - ALO, - 48i0,.
(soda) (pot surface) (salt glaze)

The result is a thin, mottled glaze with a pebbly texture often likened to
orange pecel.

Lead glazes may be applied by simply brushing the surface of a vessel with
powdered lead oxide (called litharge) or galena (lead suifide; PbS); they have
the additional advantages of being easy to fit to the clay and firing with few
flaws. It has been known since the nineteenth century, however, that they can
be toxic both in application and in use (see Rhodes 1973, 82). For this reason,
lead glazes are often compounded of frits (see Rhodes 1973, 196-200),
which are basically premelied glazes: raw materials such as silica and a flux
are meited together, cooled, and ground into a powder before being combined
into a glaze mixture. Fritted glazes can be fired at lower temperatures and
have fewer flaws than glazes compounded of raw materials, but they are more
costly. The toxicity of the raw lead glaze compound is reduced by using pur-
chased frits, but this does not significantly reduce the risk of lead poisoning if
acidic substances {orange juice, wine, etc.) are stored or served in low-fired
lead-glazed ceramics.

Besides being complex to compound, ceramic glazes can also beg danger-
ous, because many of the ingredients are toxic (Brody 1979, 84—85; Nelson
1984, 210-23). For example, ash glazes are caustic and should not be stirred
with the hands. The chlorine gas released in salt glazing is a threat not only to
those stoking the kiln (they should wear masks, and the area should be well
ventilated) but also to the environment, contributing to acid rain and de-
forestation in Westerwald, Germany, where famous salt-glazed stoneware is
produced {Lowenstein 1986, 394). Finally, lead for lead glazes is particularly
dangerous, both as a raw material in glaze preparation and as a possible poi-
son in fired serving vessels.

The muktitude of glaze recipes (table 4.6) found in the literature reflects the
tremendous complexity of glazes and demonstrates that creating glazes for art
and industrial ceramics requires a sophisticated understanding of chemistry.
Glazing ceramics is difficult, and defects such as pinholes, crawling, bub-




PROPERTIES OF CLAYS I{: FIRING BEHAVIOR

Table 4.6 Glaze Recipes

. Low-fire (cone 06) lead glaze,
resistant to food acids

36.78 white lead

18.95 soda feldspar
9.78 gerstley borate
4.90 boric acid
6.80 kaolin

21.70 silica
0.83 zirconium oxide

. Wood ash glaze, fired at cones 8§—10
39.0 wood ash {mixed)
29.5 kona ¥4 feldspar
10.0 whiting
19.5 kaolin
2.0 bentonite

. Mat glaze, fired at cones 10-12
40.0 potash feldspar
22.3 whiting
21.0 kaolin
16.7 silica
4.4 titanium oxide

. Celadon glaze, fired at cones 8- 10
79.5 potash feldspar
6.2 whiting
14.3 fint
2.0 red iron oxide

" Source: Nelson 1984, 330.
Note: Amounts given by weight {percentage).

‘bling, crazing, and improper color development can arise from improper com-
‘pounding, application, and firing (for general discussions of glaze flaws see
-Marguis 1952; Rhodes 1973; 241-49; Nelson 1984, 201-3; Hamer 1975,
77-85; Lawrence and West 1982; 189-91).

The variations in the glaze recipes also show how the sensitivity of glaze
ingredients to changes in firing temperature and atmosphere can be used to
~create different textures and colors. The maturing temperature of a glaze is

enerally a function of the amount of silica relative to the amount of fluxes
- (Rhodes 1973, 164). In general, glazes have a firing temperature tolerance of
bout 30°C (Rhodes 1973, 124). A variety of low-, medium-, and high-
mperature glazes have been developed, but firing at the wrong tempera-
ure—too high, for example—may cause the giaze to volatilize or run off the
pot. Glazes fired too rapidly may develop bubbles; underfired glazes are gen-
erally rough to the touch and dull in appearance.
+One of the principal concerns in firing glazes is fit—the dimensional ad-
ustment of a glaze to a clay body—and this is particularly related to thermal
expansion and shrinkage rates of the two materials (fig. 4.8). Unequal con-
raction rates in cooling can cause a varicty of defects; crazing occurs when
he glaze contracts more than the body and develops a network of surface
cracks (fig. 4.9), and shivering occurs when the glaze contracts less, or more
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Glaze strength (Kg./mm?)

TENSION

COMPRESSION

Figure 4.8  Stresses induced in glazes during
cooling: a, the body has a significantly greater
coefficient of expansion than the glaze, putting
the glaze in high compression, which may

- - B SR
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cause it to peel; b, the body has a slightly
higher coefficient of expansion than the glaze,
reducing the stresses but leaving it in slight
compression; ¢, the body and glaze are of
comparable expansion, placing the glaze under
tensile stress in cooling, which may lead to

~
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>

r : T crazing. After Grimshaw 1971, fig. X11.6.
500 300
Temperature (in ®C.)

]

Figure 4.9  Crazing of a glaze under tensile stress: a, low stress; b, high stress. After Lawrence
and West 1982, fig. 11-4.

slowly, and separates from the body. In general, if a glaze contracts very
slightly more than the body after cooling, it compresses the body and so
strengthens it.

4.3 Summary

4.3.1 The Thermai Reaction Sequence

Each clay mineral behaves in a unique way during firing, and the many Rinds
of clay bodies also behave distinctively, especially at high temperatures, de-
pending upon their particular constituents. This variability is in part a conse-
quence of the chemical composition of the clay materials and inclusions and
also depends on the conditions of time, temperature, and atmosphere during
firing. Nonetheless, despite these differences, it is possible to outline in a very
general way the sequence of reactions and changes that takes place, with vary-
ing degrees of completion, in a clay body during heating (table 4.7).

Room temperature to 200°C. During this phase of heating, the last of the
mechanically combined water (pore water, or water adsorbed onto the sur-
faces of the clay particles) is lost from the clay, disappearing as water vapor.
In three-layer clays, such as smectites, a considerable degree of interlayer
water may be lost as well. There is little to no shrinkage in this phase.
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Table 4.7 Changes in Clays with Firing and Cooling Temperatures’

Temperature (°C)  Change in Clay or Kiln

100-200 Clay begins to lose adsorbed water (*“water-smoking period™)

200-225 Alpha-beta conversion of cristobalite (on cooling after firing)

470 Lowest temperature at which a red glow can be seen in the dark

450-550 Kaclinite loses hydroxyls; metakaolin forms

500 Organic matter oxidized

550625 Dull red glow, visible in daylight

550-650 Montmorillonite loses hydroxyls

513 Alpha-beta inversion of quartz

600—800 Micas [ose hydroxyls

800 FeCl; volatilizes

870 CaCQ, dissociates to CaQ plus H,O at or by this temperature; tri-
dymite forms from beta quartz

950 Spinel forms; CaO reacts with clay forming calcium silicates
(wollastonite)

960 Recrystallization of metakaolin begins (on cooling)

1000 Formation of calcivm ferrosilicates; calcareous clays turn pale yellow
or olive

1050 Light-yellow heat in kilo

1100 Mullite forms

“1100-1200 Vitrification range of ball clays

1150 White heat in kiln

1160 K-feldspar begins to melt

1170 Na-feldspar (albite) begins to melt

1200 Gypsum dissociates

1250--90 Biscuit firing range for bone china; cristobalite forms from tridymite

1320-1450 Maturing range for hard porcelains

1470 Cristobalite stabilizes

1712 §i0; melts

2050 Al Oy melis

Source: After Cardew 1969, app. 14.

200-400°C. At these low temperatures, organic matter present in the clay
begins to oxidize. As oxidation proceeds, the organics migrate from the inte-
rior to the exterior of the clay, blackening the surfaces, before being driven off
as CO,.

-450-600°C, Dehydroxylation or loss of chemically combined lattice water
occurs in all clays. The loss takes place rather abruptly in kaolin and is fol-
lowed by a structural transformation to the mineral metakaolin, with minor
shrinkage and considerable increase in porosity. In illites and smectites, the
water loss and shrinkage are more gradual.

373 = 5°C. This is the temperature of the quartz inversion from the alpha,
ot low-temperature form, to the beta, or high-temperature form. The inver-
sion occurs with a slight volume expansion of the mineral.

. 730-850°C. By the time this temperature range has been attained, most
organic material present has been successfully burned out of the clay. With the
removal of most lattice water from the clay minerals, kaolins and smectites
begin to lose their characteristic crystalline structure. Calcium carbonate dis-
sociates, changing to CaQO and giving off CO, gas.

867-70°C. Beta quartz, alters to tridymite.

950°C. The structure of most kaolins and smectites is irreversibly lost at

.
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this temperature, although that of illites may persist. With the loss of structure
comes the formation of high-temperature alteration products of the clay min-
erals and pronounced shrinkage. Spinel is a product of the breakdown of
metakaolin, accompanied by the release of Si0,. -

1050—-1200°C. In this temperature range, spinel changes to needlelike
crystals of mullite. Feldspars begin to melt, dissolving both the silica formed
at the same time as the spinel and the quartz already present in the body. This
initiates the glassy phase of the ceramic; pores begin to close, and porosity
rapidly diminishes.

Above 1200°C. Porosity may increase as gases form in the melting body,
and if there is no way for them to escape these gases can cause bloating. Tri-
dymite changes to cristobalite, which stabilizes at 1470°C. Sillimanite, ky-
anite, and cordierite form as high-temperature mineral phases of the clay
minerals.

4.3.2 The Fired Product: Stresses and Defects

The major concern in producing a fired ceramic is to achieve a product suit-
able for its intended use, and success always depends on both the materials
used and the quality of the workmanship. “Suitability” may be judged by
many criteria, artistic and functional. Because the concern here is with ar-
chaeological pottery, primarily utensils and containers that have a utilitarian
purpose, for the present artistic and technical standards associated with firing
to maturity will be ignored and the focus will be on functional attributes.
Chief among the functional properties of interest here are strength, resistance
to thermatl stress, porosity, and freedom from defects (see chap. 7 for discus-
sion of these properties and chap. 12 for details of their measurement).

Strength (see sec. 12.3.2) is perhaps the most complex of the use-related
properties and in some ways may be considered a composite of them all. It
refers to the integrity or durability of a ceramic—its resistance to breakage
and its ability to perform whatever service is demanded of it without cracking,
crumbling, warping, shattering, slumping, or otherwise failing. A strong ves-
sel should be able to survive contact with hot fires or cold liquids, accidental
blows, and other conditions of wear and tear.

Aside from the firing itself, the most important determinants of fired strength
are textural and microstructaral atiributes (see sec. 12.2), including gorosity.
A strong ceramic is one with inclusions in a range of sizes and angular shapes.
Although no specific quantity of inclusions can be specified for maximum
strength, since this varies with individual bodies, it has been found that
the optimum amount of quartz that may be added to strengthen a clay is 25%
by weight (Robinson 1968a; Kennard and Williamson 1971). Very fine par-
ticles in the body enhance strength in relatively high-fired ware because they
sinter and fuse more readily than do coarse ones, thus beginning vitrification
and formation of a homogencous glassy phase at lower temperatures. '

The strength of a fired ware may be decreased by conditions contrary to
those described above. Any inhomogeneities in the body—resulting from un-
even drying, particle-orientation effects, thickness, shape, density—can
cause stresses that may weaken the ceramic and increase the risk of cracking
or failure in firing or use. Similarly, firing a body containing calcium carbon-
ate to temperatures between 750 and 1000°C may weaken it because of the
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rehydration and expansion of CaO, unless the particles are extremely fine.

Thermal stress (see sec. 12.4) refers to the tensions that occur in a clay
body, fired or unfired, when it is subjected to temperature changes (see King-
ery 1955; Davidge and Tappin 1967; Hasselmann 1969; Crandall and Ging
1955; Chandler 1981). Thermal stresses of unfired clay materials were ad-
dressed in section 3.3.2; for example, exposure to cooling air currents, which
may evaporate water from the surface too fast, can crack and warp the body.
Thermal stress or shock may occur in firing a vessel in several circumstances:
if it is subjected to firing without being preheated, if the temperature is raised
too rapidly, or if cold air currents come into contact with the hot ware during
firing or cooling. :

Thermal stresses are of two kinds. One resuits from normal temperature
changes, which cause minerals to expand on heating and contract on cooling.
The other results from sudden or dramatic raising or lowering of the tempera-
ture and is known as thermal shock. When the ambient temperature is sud-
denly raised, for example, the clay body expands rapidly as water and other
- gases immediately volatilize and the clay constituents expand microscopically
with heat. This expansion causes rapid compressive and tensile stresses that
- the body may not be able to accommodate instantly, and cracking or shattering

result.

Clay bedies with high thermal shock resistance—good ability to withstand

sudden temperature changes—are those whose components have very low
rates of expansion or thermal expansion coefficients. In contemporary com-
mercial ceramics, the wares with low thermal expansion include what are
called ovenwares and flamewares (such as Corningware), which can be placed
on a range or moved from a freezer to a hot oven without shattering from the
abrupt temperature change. These wares are manufactured according to spe-
“cial formulas, usually including only small amounts of clay and quartz.

The reason for reducing these materials is that discontinuities in the expan-
-sion behavior of S$i0,—especially quartz and cristobalite—lead to stresses that
~can cause thermal shock breakage. The discontinuities of quartz (the alpha-
“beta transition) are above normal oven cooking temperatures, so the major
- problem in ovenware cracking is cristobalite, which undergoes a transition at
-200-270°C. Thus materials that introduce quartz or induce formation of
cristobalite in the body should be avoided if a ware is to resist thermal shock.
The chemical formulas for such wares usually contain large amounts of cor-
dierite (a magnesium aluminosilicate) or lithium minerals (e. g., spodumene),
- because these minerals have extremely low coefficients of thermal expansion

table 4.8; also Lawrence and West 1982, chap. 15). Another mineral com-

able 4.8  Coefficients of Thermal Expansion of Some Ceramic Materials

Material Coefficient of Expansion x 1077

Alumina 81
Mullite 45
Silicon carbide 47
Electrical porcelain 60
Cordierite bodies 30
Steatite bodies ¢!
Dolomite bricks 110

otirce: After Grimshaw 1971, table XII-X.
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monly added to some ceramic manufactures to reduce eXpansion is steatite or
talc (a hydrated magnesium silicate).

Although past and present nonindustrial village pottery may not be able to
withstand such dramatic temperature transitions as modern wares—moving
from freezer to hot oven—one of the fundamental uses of these vessels has
always been cooking. Such usage often entaiis placing vessels directly on or in
a fire with some confidence that they will not break. These traditional terra-
cotta and earthenware pots typically are able to withstand this thermal shock-
ing not because of their specially engineered chemical compositions, but
because they are low-fired, porous, and coarse in texture (cf. Coble 1958).
Because they are low-fired, they do not attain a rigid, glassy structure and can
expand and contract as necessary. Also, their loose, open texture allows what-
ever expansion does occur to be accommodated by the pore spaces (see sec.
12.4.2.3). Furthermore, the pores permit any cracking that may take place
from extending too far. Finally, people who are accustomed to eating beans
cooked in earthenware pots claim they prefer the taste, and a porous jar ailows
stored water to cool by evaporation. Thus not being high-fired to a glassy, ho-
mogeneous phase increases the overall serviceability of these low-fired, po-
rous wares,

By contrast, the object of commercial ceramic manufacture is to fire a clay
to a temperature high enough to mature body and glazes and decrease poros-
ity. Porosity is often reduced to 2%—3% or less in the bisque stage, and for
some bodies it is desirable to have it less than 1% (table 4.9). Simultaneously,
reducing the time and temperature of firing to a minimum saves fuel costs.
Thus porosity is an important variable in determining the optimum firing
range of a commercial clay body—that temperature interval in which both the
curve of decreasing porosity and increasing firing shrinkage can be seen to
level off {see Norton 1970, figs. 16.5, 16.6).

Aside from these and related considerations of the merits of porosity, what
is considered a defect in a fired vessel is relatively constant regardless of firing
technology or use (see McNabb and Duncan 1967). While most of the bonfire-
fired terra-cottas or earthenwares common in prehistory would be considered
underfired by the standards of the contemporary ceramics industry, owing to
their inhomogeneous composition and porosity, they are suitable for their in-
tended uses. One defect that occurred relatively infrequently is overfiring,
Overfiring (to too high a temperature or for too long) can lead to excess'bve

Table 4.9 Porosity of Some Fired Ceramic Products

Product Porosity (by volume %)

Stoneware 0.5-2.0
Hard porcelain bisque 3-9
Semiporcelain bisque 13-23
Chinaware bisque 2-11
Earthenware bodies 20-25
Tiles 3-18
Buiilding bricks 10-35
Porous fireclay bricks up to 60
Saggars 10-40

Source: After Grimshaw 1971, tabie XII-XVIIL.
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melting, deformation, bloating, and a particular type of black coring, not the
same as the carbon cores common in low-fired wares (see fig. 4.3 and sec,
11.2.1). Rather, in highly carbonaceous clays, some carbon may remain in the
body even at extreme temperatures; when the glassy melt closes the exterior
pores, any gases produced by this carbon, such as CO,, are prevented from
escaping. They then cause bloating and darken the body.

Cracking, the initial stage of failure or strain in a body, may originate from
stresses during forming and drying, including preferred orientation, exces-
sively rapid drying, differential shrinkage, and warping (see sec. 3.3). The
cracks and strains may be invisible until the vessel is fired, then they may
expand as the body shrinks farther or new cracks may begin to form (see fig.
3.6), causing breakage or final failure of the clay body. Dunting is a particular
defect that results when too rapid cooling creates stresses as the constituents
of the body contract at different rates.

4.3.3 Some Considerations of Firing Technology

A major objective in studying ancient pottery from a technological viewpoint
is to understand firing technology. Many times these studies take the perspec-
tive of modern commercial ceramic standards and conditions as a'basis for
comprehending and evaluating the variables involved. Yet the conditions of
much prehistoric, non-kiln-fired pottery manufacture are not directly parallel
to those of modern industry.

In some senses it may be fair to say that a clay is a clay; that is, the behavior
of a kaolinite clay mineral is the same whether the context is a village in Iraq
irt 6000 B.C. or a scientific laboratory in the twentieth century. The conditions
for observing its behavior are very different, however. This point may be illus-
irated by considering, for example, the validity of comparative tests between
a vessel of a “natural” clay containing a kaolinite component, formed by hand
into a jar and fired in an open bonfire, and a test bar of a standard kaolinite
_-clay mineral mixed with a measured amount of quartz of known purity and par-
ticle size and fired under regulated rates of heating in a controiled atmosphere.

The literature on clay mineralogy and ceramic engineering can provide a
good deal of general theoretical and background information about the behav-
ior of specific clay minerals under controlled conditions and can give an idea
of the range of reactions that may be taking place in different situations. It
- cannot, however, always tell specifically what occurred in prehistoric firings,
~ ‘because for much of prehistory the parameters of resource selection, forming,.

firing, and distribution are largely unknown and may be approached only
-through cautious inference. Thus, while it is undeniably useful to understand
‘the behavior of clays under regutated laboratory conditions of time, tempera-
“ture, and atmosphere, these conditions rarely simulate the variable character-
istics of nonindustrial pottery manufacture. For hand-built non-kiln-fired vil-
lage pottery the conditions of production and the objectives of the entire
operation may be very different from those of contemporary manufactures.
This caveat has several important ramifications. One is that the thermal and
thermochemical behavior of clays or clay mixtures in a testing laboratory is
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described with respect to equilibrium conditions. That is, the slow rate of .
heating and the extended period of holding the materials at a specified tempera-
ture—sometimes for one hundred or even two hundred hours—usually allows
completion of all mineral and chemical alterations or reactions occurring
within the constituents of that system at that temperature. No further changes
occur with time unless the conditions are changed—for example, if the ter-
perature is raised. One important consequence of this equilibrium is that the
thermal gradient within the material is eliminated during firing, as are the dif-
ferences in degree of change between inner and outer portions of the final
product. What is more important is that many of the quartz inversions (except
the alpha-beta inversion), and other changes are very sluggish reactions that
require long periods of sustained heat to occur to any significant degree.

In the time variable of firing and in the degree to which thermal changes
will take place, most prehistoric pottery is therefore distinctly not comparabie
with testing conditions or even with commercial or art ceramics (see Chu
1968, 830). Studio or art pottery may be heated at a rate of 200°C per hour
and held for twelve hours at the soaking temperature, but a real issue in the
relationship of time and temperature is in the cost of fuel. It has been found
commercially (Norton and Hodgdon 1931, cited in Norton 1970, 269-70)
that increasing the firing time by a factor of ten permits a reduction of tem-
perature to achieve maturity by 23°C. In fact, a fast rate of heating of 180°C/
hr-' and a holding time of one hour (maximum temperature not specified)
permits development of satisfactory mechanical properties (Norton 1970,
270). Throughout much of prehistory and even in modern times, potters firing
their wares in bonfires have heated them only a fraction as long as in commer-
cial firings. Thus, it is debatable whether many of the changes, both desirable
and undesirable, known to occur in laboratory ceramic bodies at equilibrium
also take place in bonfire-fired terra-cottas.

Some of the changes in clay minerals—particularly those occurring at
middle temperature ranges, such as structural changes resulting from loss of
lattice water—have been found to be revessible or incomplete (Grim and
Bradiey 1948). This reversibility may exist if, after initial firing and cooling, .
the ceramic is held in a furnace at 200°C for fifty hours, for example. These
are not the conditions under which the clays of ancient potsherds would be
expected 1o regain their lattice structure and plasticity, however. Nonetheless,
because much ancient pottery was not kiln fired for many hours (and thus'did
not undergo complete structural alteration through equilibrium) and because
in most cases it was buried where there was some water percolation, the struc-
tural changes of firing may be reversible. This is important because it means
the sherds can be tested by certain kinds of analysis, such as X-ray diffraction,
that will identify the original clay mineral or minerals (Kingery 1974},

Some discrepancy in the relations of time and temperature thus can be seen
to exist between the conditions of Jaboratory experimentation and commercial
or craft pottery firing. This gap is still wider when it comes to comparing
either of these firing conditions with those of nonkiln or bonfire firings. Al-
though kilns evolved in the Old World, perhaps as early as the seventh millen-
nium B.C., they were not widely used until much later; and in many areas of
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-the Old World, in virtually ail areas of the New World throughout prehistory,
and in many areas of the world today, pottery has been successfully fired with-
out kilns (see sec. 5.4).

Kilns allow control of the firing temperature, the rate of heating, and the
tmosphere of firing, and they protect the vessels from contact with fuel,
wind, and moisture. Pottery fired in the open or even in some simple kilns is
frequently unevenly fired, showing fireciouds or other blemishes as evidence
of contact with fuel, overfiring (warping, vitrified spots, color changes) be-
-cause gusts of wind fanned the fire, or underfiring because of uneven distri-
‘bution of fuel. Firings without kilns typically have a rapid and usually poorly
controfled heating rate to a point determined by such necessarily imprecise
cues as the color of the flame, the glow of the pots, the amount or color of the
smoke, or even the amount of fuel available. Once the maximum temperature
-isreached, it is rarely held very long, if at all; more comsnonly no more fuel is

dded and the temperature begins to drop rapidly.
- Not only are the time and temperature of bonfire firings poorly controlled,

ut 50 is the atmosphere. Instead of achieving fully oxidizing or reducing con-
“ditions, the atmosphere is more likely to fluctuate during firing. Thus varia-
tions may be expected as fresh fuel is added and consumed, as smoke is
produced, as gases are released from the fuel and the pottery itself, and as

ind gusts touch the fire, resulting in incomplete oxidation or reduction. At
the end of the firing there may be intentional oxidation, caused, for example,
:by lifting ash or fuel residue to allow air to reach the pots, or intentional re-
“duction, as from smothering the fire with dung or sawdust to blacken or
‘smudge the surface.

In sum, whereas industrial or commercial firings or tests involve controlled
-parameters of temperature and atmosphere and long periods of soaking to ap-
-proach equilibrium between components of the ceramic body, bonfire firings
fall far short of such conditions. A temperature gradient exists in the clay
“between the surfaces and the core and, not inconceivably, from one side of the

essel to another. This should be borne in mind in interpreting observations
.on color, hardness, and other physical and mechanical properties of archaeo-
Jlogical pottery collections (see chap. 12). The standards and values of the
‘Contemporary ceramic industry, while useful, should not be uncritically re-
‘garded as absolutes by anthropologists and archacologists. The ethnographic
record is full of incidents or anecdotes of people in nonindustrialized or non-
‘urban areas who prefer water or stews from low-fired porous vessels; cooks
‘who move pots from cool, damp earthen floors to the center of hot fires; pot-
ters who uncover their open-air-fired pottery to brisk breezes only minutes
after the flames die down. These prefetences and practices are unfamiliar to
modern ceramists, but they do not imply that such makers or users are igno-
rant or incompetent. Rather, they represent a specific adaptive logic in which
particular resources must meet particular nceds. Scientists studying these pots

nd potters cannot overlook this logic, for it constitutes the entire context and

tionale for investigating the relation between pottery and society.




THE RAwW MATERIALS OF POTTERY MAKING

4.4 References

Anseau, Deletter, and Cambier 1981 Kingery 1955, 1974

Arayaphong, McLaren, and Phelps Kingery, Bowen, and Uhlmann 1976
1984 Klemptner and Johnson 1986

Borremans and Shaak 1986 Laird and Worcester 1956

Brody 1979 Lawrence and West 1982

Burke 1985 Lowenstein 1986

Burton 1906 McNabb and Duncan 1967

Butterworth 1956 Maniatis et al. 1983

Cardew 1969 Marquis 1952

Chandler 1981 ‘Medley 1976

Chu 968 Nelson 1984

Coble 1958 Neumann 1977

Crandall and Giag 1955 Norton 1952, .1970

Davidge and Tappin 1967 Norton and Hodgdon 1931

Grim 1962, 1968 Rhodes 1973

Grim and Bradley 1948 Robinson 1968a

Grim and Kulbicki 1961 Rye 1976

Grim and Rowland 1942 Schramm and Hall 1936

Grimshaw 1971 Shepard 1948a, 1976

Hamer 1975 Staehelin 1965

Hasselman 1969 Starkey 1977

Hodges 1976 Tite and Maniatis 1975b

Johnson 1976 Wahl 1965

Johnson, Pask, and Moya 1982 Weyl 1941

Kennard and Wiliiamson 1971




Pottery Manufacture and Use

A pot in order to be good should be a genuine expression of life. It implies
sincerity on the part of the potter and truth in the conception and execution of
the work.

B. Leach, A Poiter's Book




Pottery Manufacturing Technology:
An Ethnographic Overview

Pottery can be studied from a variety of viewpoints, anthropological and ar-
chaeological, technological and behavioral. Regardless of the questions asked
or the analytical approaches employed, however, one should remember that
pottery serves as both a utilitarian good and an economic livelihood and must
be understood within its social and economic context, whether past or present.

: This chapter surveys the techniques and tools of traditional pottery manufac-
ture as known through the ethnographic record.

5.1 Ethnographic Pottery Studies

" Ceramic objects have served as utensils and containers in day-to-day activities
for millennia, and in many parts of the world pottery water jars and cooking
pots continue to be made and used in traditional ways. The number of com-
munities in which pottery manufacture continues to flourish within the tech-
nological system is dwindling, however, as a consequence of the availability of
durable metal and plastic containers. The popularity of these goods has re-
duced the demand for traditional pottery and the children of potters see little
future in pottery making, so the craft is rapidly disappearing in many areas.
As potters in Chalkis, Greece, reportedly commented, “The Nylon is eating
us” (Matson 1973, 119).

It is fortunate that hundreds of accounts of pottery making document the
manufacture and use of ceramic materials around the world. Although some
are little more than commentaries on an jntriguing bit of artisanship or nota-
tions on household goods, many are significant studies of the relation between
technology and craft production as part of the broader social fabric.

Many ceramic studies owe their existence to the extensive ethnographic re-
scarch carried out by cultural anthropologists in the twenticth century. A large
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number of detailed observations, however, come from accounts by explorers,
military and religious personnel, colonial administrators, or even potters
themselves who worked in non-Western societies, dating back to the mid-
nineteenth century and in some cases considerably earlier. These studies and
accounts {(e.g., Picolpasso 1934; Brongniart 1844; Stachelin 1965; Bushell
1910) establish the corpus of data on pottery making in the period referred to
as the “ethnographic present,” and “modern potters” as used below refers to
this broadly defined period.

The ethnographic present serves as a baseline against which information on
pottery making in prehistoric times is customarily interpreted, a procedure
anthropologists and archaeologists call ethnographic analogy. A major prem-
ise of archaeological research is that what is known about the past, in terms of
both human behavior and the operations of culwural systems, is achieved by
analogy with behaviors and systems in the present (see Gould and Watson
1982). While this is not the only avenue to interpreting archaeological re-
mains, and though there are probably behaviors in the past and present that
have no direct analogue, nonetheless ethnographic analogy is a fundamental
part of interpretation and reasoning in all aspects of archacology, including
pottery studies.

Inextricably linked to analogical arguments in archaeology are the objec-
tives and techniques of two related research endeavors: experimental archaeol-
ogy and ethnoarchacology. While it is not necessary to elaborate to any degree
on either of these (see Donnan and Clewlow 1974; Gould 1978; Kramer
1979), it is important to note that both experimental archaeology and ethnoar-
chaeology are particularly important in ceramic studies; indeed, what may be
the first ethnoarchacological monograph was based on pottery (Thompson
1958). Experimental archaeology, as the Mgs, involves the experi-
mental manipulation of raw materials and tools of a particular archaeological
context to try to replicate the conditions of their use or production or both.
The procedures of ceramic ecology, with the collection and experimental test-
ing of clays (sec. 10.2.3), can be included within this category. Ethnoarchae-
ology is the more encompassing term for the body of method, theory, and data
underlying such analogical and experimental comparisons as archaeologists
study the material culture of living peoples. Particularly interesting is the rela-
tion of manufacture and use of pots to the formation of archaeological sites
(sec. 9.3; see also Nicholson and Patterson 1985a,b) and socioeconon;ic ar-
rangements for producing and distributing pottery (chap. 6).

Because so many of the reconstructions of prehistory—especially chrono-
logical and intersite relationships—-are based on ceramic data, this wide range
of ethnoarchaeological concerns allows archacologists to confront two major
methodological issues that are essential to these interpretations but have not
been adequately addressed. One is the way pottery moves from the context
of use (Schiffer’s [1976] “gystemic context”) to the archaeological record;
the other concerns the nature and explanation of variability in prehistoric
ceramics.

A summary of the full range of practices involved in all steps of pottery
manufacture known in the ethnographic record is not possible here. Nonethe-
less, sampling the variety in these procedures will help establish a context for
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envisioning similar behavior in antiquity. This broad subject can be broken
down into three areas: obtaining and preparing resources; forming, finishing,
-and decorating pottery vessels; and drying and firing.

5.2 Obtaining and Preparing Resources

5.2.1 Tools and Techniques

The most important resource in pottery manufacture is clay for the vessel
body. In many areas large deposits of suitable clay are a prime determinant of
where potters settle (see Nicklin 1979). Additional important resources are
raw materials for “temper” (see sec. 14.1) as well as clays, pigments, and
other substances used in slips, paints, or glazes. Finally, fuel for firing is criti-
cal to pottery manufacture (see secs. 5.4 and 6. 1.3).
These materials may be obtained in a number of ways. Clay sources are
" sometimes open to afl and widely shared, as among the Huichol (Weigand
1969, 35). In other areas individual potters, workshops, families, or commu-
nities may “own” the rights to mine or sell clay. At Bailén, Spain, for ex-
ample, potting factories own specific deposits, and these are inherited through
families along with the business (Curtis 1962, 491). EBisewhere potters may
exploit *“secret” locations that are not divulged to outsiders or competitors, as
* in Bangkok, Thailand (Graham 1922, 15) and in Izamal, Yucatin, Mexico
(Thompson 1958, 66, citing Gaumer). Potters may use clay from a single
- source or employ different sources inlggﬁa_rlhgmpjy (Fontana et al. 1962, 55;
~Weigand 1969, 35). The clay may be mined by the individual potter {(or a rela-
tive or co-worker) as needed for each hatch of pottery; several families may
- work cooperatively so it becomes a social occasion, as among the potters of
anta Clara Pueblo, New Mexico (LeFree 1975, 7—10); or mining may be
carried out by individuals with no family ties to the potters, as in Deir cl-
- Gharbi, Egypt (Nicholson and Patterson 1985b, 224—25).
 The act of obtaining clay, or getting special kinds of clay, is often the focus
f taboos or rituals. Among the Azera of Morobe Province, Papua New
Guinea, for example (May and Tuckson 1982, 136), only married women
who have not yet had children can gather clay, and then only at certain times.
They must wear traditional dress while gathering clay, and they cannot smoke,
hew betel, or speak pidgin; in addition, outsiders are forbidden to witness the
ctivity. Among the Kwoma, in the Sepik River area of New Guinea, “A cer-
ain connection seems to exist between good biood, good health, good potter’s
lay (as long as it is wet), the human ability for procreation, the successful
rowing of yam tubers, and the religious meaning of sago starch on the one
and, and bad blood, sickness, common ground unsuitable for pottery work,
tc. on the other hand” (May and Tuckson 1982, 221, citing Kaufman).
- In general, large reserves of clay are not kept on hand except in large pot-
ing-industries (see also Balfet 1965, 164): it is often difficult to store clay in
Jantity and protect it from rain or contamination. In hot, dry areas of Pakistan,
potters may store prepared clay-temper mixtures for short periods in cool un-
erground pits, which are advantageous under variable weather conditions or
"u:‘ring especially hot times of the year (Rye and Evans 1976, 40, 45).
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How far potters will travel to obtain their resources is highly variable. At-
nold (1980, 149, 1985, 39—49) surveyed the ethnographic literature to quan-
tify the areas within which potters acquire their clays, lGmPpers, slips, and pig-
ments and found interesting differences in distances traveled. In the 110 cases
for which he found data on clay gathering, the distance from potting location
to clay source varied from less than 1 km to 50 km. Of 31 cases detailing
temper procurement, the range was from less than 1 km to 24 km; for slips
and paints the distance ranged up to 800 km. He found that slips and paints
were often acquired by trade rather than mined by the potters; since these ma-
terials are used in significantly smaller quantities than are clays and tempers,
least-cost principles are less likely to be determinative. The general emphasis

15 On obfaining primary resources close to the working area, however, and the

distance most frequently traveled for both clays and tempers is less than 1 km
from the settlement (table 5.1). Arnold (1980, 149) 1abeled this the «preferred
territory of exploitation.” Because approximately 85% of the tabulated re-
sources are obtained within 7 km of the potters’ living or working areas, Ar-
nold suggests this range as the resource area or catchment area for procuring
their primary resources.

Tt is difficult to interpret these distance data, however, because no cleat
causal relationship can be @{ql_yjnferred between resource location and pot-
ting location (see Nicklin 1979, 442--43). Do potters establish themselves
within 2 5—7 km radius of resources? Or conversely, does a given settlement
of potters choose to exploit only clays within a 5—7 km radius 10 achieve least
cost? Can the location of suitable clays be used to (p'_egigt the location of pot-
ters, or is the existence of potters a reliable predictor of the presence of suit-
able potting clays? Clearly, for prediction these relationships are oversimpli-
fied, and many other factors ar¢ involved: scale of production (see van der
Leeuw 1977, 70-71), buik and value of the goods produced, location of the
market for the products (see sec. 6.3), and the presence of suitable fuel.

The Jocations of resources and of workshops may be most directly related at

k]

Table 5.1 Distances between Potters and Their Clay, Temper, and Slip and Paint Resources

Slip and
Clay Source’ Temper Source” Paint Sources’

Distance (km)
14

<1 25

1- 35 —A
2- 12 4
3- 11

5-10 15
1015 3
15-25 7
25-50 2
=>50 —_

Totals 110 31 36

“From Arnold 1985, table 3 1. Some rounding of qumbers and grouping error has resulted in
minor distortions of his raw -data.

bFrom Arnold 1983, table 2.2.

From Atnold 1985, table 2.3.

“Three cases are given as distances ranging up (o 2.5 km.
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Figure 5.1 A brickyard in highland Guate-  which can be seen drying under cover in the
mala. The plastic clay soils of the valley are  foreground and to the right. In the background
excavated and mixed with water, then shaped  are the kiln and adjacent storage area.

in rectangular wooden molds to form bricks,

the extremes of manufacturing scale or intensity (see sec. 6.2.2.1) and vari-
able at intermediate levels. Potters in a large-scale industry may act on least-
cost principles and establish manufacturing centers close to their resources so
as to save time and labor in procurement and processing as well as to ensure a
large supply of clays of known quality and performance. Clay may literally be

obtained from the potter’s own backyard: this is true of the utility pottery in-
dustry of Bailén, Spain (Curtis 1962, 491) and is especially common in the
manufacture of heavy clay products such as bricks and roof tiles (fig. 5.1).
Similarly, the vendemaroi, itinerant jar makers of Thrapsano, Crete, locate
their workshops in fields where the three essential materials for pottery mak-
ing—clay, fuel, and water—can be easily acquired (Voyatzoglou 1974, 18).

At the opposite end of the production scale, where pottery making is spo-
radic, pursued reluctantly when an accident necessitates replacing a water jar
or cooking pot, potters may also be inclined to use whatever clay is handy
rather than making a considerable effort to secure clays from a greater dis-
tance. For example, Fulani potters in B, North Cameroon, obtain clay from a
_pit only fifteen minutes’ walk from the village (David and Hennig 1972, 5).

At intermediate scales of production the distance potters travel o obtain
clays varies considerably. The Diola of southern Senegal, West Africa, manu-
facture pottery during the two or three months following their harvest season
‘and obtain clay slightly more than 1.5 km from their compounds (Linares de
Sapir 1969, 3). Potters travel as much as 10 or 15 miles for clay in parts of
:Nigeria {Nicklin 1979, 441, 445). At Santa Clara Pueblo, New Mexico, pot-
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sponge spicules (in Amazonian South America; Linné 1957, 156); animat
blood (in arctic North America; Stimmell and Stromberg 1986, 248); and a
variety of plant materials including fibers, silica, ash, cattail fuzz (Matson
1974b, 346), chaff from cultivated grains such as rice or wheat, and Spanish
moss (Tillandsia usneoides) in some carly southeastern United States pottery
(Simpkins and Allard 1986). Clay itself may be a temper, since it is common
for potters to mix clays of different colors and properties; this is known, for
example, among the Shipibo-Conibo of Peru (DeBoer and Lathrap 1979),
potters of old Cairo, Egypt (Matson 1975a, 133), Thrapsano, Crete (Voy-
atzoglou 1974), and widely throughout central Mexico, for example in Tzin-
tzuntzan (Foster 1948a, 79— 101; 1967, 41), Acatlan (Lackey 1981, 50), and
Tonald (Dfaz 1966, 142).

Another substance used to modify clays’ properties is salt {(NaCl). Salt or
salt water is often added to calcareous clays or clays tempered with calcareous
materials (calcite or shell) in Pakistan (Rye and Evans 1976, 49, 91), Mela-
nesia (Rye 1976), and the Near East (Matson 1971, 66—67). Salt appears
to counteract. the tendency of calcite to spall the surfaces of low-fired pot-
tery (see sec. 4.2.3.3; Klemptner and Johnson 1986). It also changes the sur-
face color to what may be a more desirable light or white color (Brooks et al.
1974, 52).

- After the clay or clay-temper body has been made plastic by adding water, it
is usually systematically manipulated, either by v’ngmg, kneading with the
hands, or foot treading (fig. 5.2). This arduous activity serves several pur-
poses. It eliminates air pockets from the clay; it assures a uniform, homo-
geneous distribution of moisture and inclusions by locating and eliminating
lumps (of clay or foreign matter) and by mixing wetter and drier portions of
the mass; and it increases workability by ensuring that all clay particles are
wet. Wedging is done by repeatedly slicing through the clay mass with a fine
wire and recombining the segments or by slamming the clay onto a smooth,
_ hard surface. Kneading involves movements similar to those used with bread
dough: alternately pushing the mass with the heel of the hand and turning or
~ folding it to present a new section. Foot trampling or treading is usually used

to prepare extremely large batches of clay/In this process the clay is spread on
aclean floor or in a_pit and systematically trod, often by a young apprentice in
the workshop. In modern factory operations, a pug_mill or deairing pug mill
(operating with the clay in a vacuum) accomplishes these tasks.

Although today’s craft and industrial potters know that agmg or souring a
wet clay mass for a month or more improves its workability, there is little men-
tion of systematic aging in the ethnographic literature except for overnight
storage. Papago potters of Arizona, however, sometimes store their clay over
the winter (Fontana et al. 1962, 57), and potters in Chamula, Mexico, may
age clay as long as a year; pots of unaged clay are said to be inferior (Howry

1976, 79). Aging enhances workability by allowing the water to permeate the
mass fully and wet the surfaces of each clay particle, thereby increasing plas-
. ticity. This process may be augmented by bacterial action or by adding small
amounts of acidic substances.
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Figure 5.2 Foot trampling clay in Nabuel, Prudence M. Rice (Monograph 24, Institute of
Tunisia. Photographed by Robert H. Johnston,  Archaeology, University of California, Los
reprinted from Pots and Potters: Current Ap-  Angeles, 1985).

proaches in Ceramic Archaeology, edited by

5.2.2 Ethnographic Examples

The procurement and preparation activities of potters vary irregularly along a
continuum from very simple to highly complex, according to the time and
effort devoted to cleaning the clay and modifying its properties. A number of
points along this contintum can be illustrated.

The Kalinga potters of northern Luzon in the Philippines, for instance, ex-
pend little effort in obtaining and modifying clay before making their water
jars and pots for cooking rice or meat (Longacre 1981, 54):

All potters exploit the same clay source located just below the school.
The clay contains an abundance of sand as a natural inclusion and
no additional temper is added. . . . The clay requires no sifting or
cleaning. 3

The clay (soka) is carried in a basket to the vicinity of the potter's
house. There the clay is pounded with a pestle (salsal) on a flat rock
(salsalian). Small amounts of water are added during this process
untii the desired consistency is obtained (tipfyon). The potter then
shapes a lump of the plastic clay into a truncated cone-shaped slab
{pokol).

At this point the potter is ready to begin forming a pot.

Only slightly more attention is given to clay preparation by the potters of
San Luis Jilotepeque, in the eastern highlands of Guatemala (Reina and Hill
1978, 165):

Clays and pigment for painting are all found on a nearby cattle ranch.
Although the clay for the vessels is free, the pigment . . . and the slip
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~clay . . . must be purchased. . . . After the pottér gathers the clay,
- she carries it in net bags back to her home, where it is ground on a
. special deep metate [grinding stone] into a fine powder. This powder
is placed in a pot with water and left to sit for five or six hours. The
clay is then ready to be wedged on a workboard. No tempering mate-
rial is added.

The wedged clay is then ready for making jars, basins, and pitchers.
Among the Ibibio of southeastern Nigeria, potters do little to clean or refine
the clay, but they do add temper (Nicklin 1981b, 173):

Clay, aduang, is dug from pits and carried back by headload to the
potter’s home, which is usually within easy walking distance. . . .
Clay from wet pits is allowed to drain and dry in a heap by the pit
before being conveyed home. In the Eastern Nsit area of Etinan
L.G.A. not all pottery-making extended families own clay pits, and
those that are in this situation have to pay rent to the owners. In other
° places the potters have to buy their raw material from those who own
- the pits and dig it for sale.

Back at home the clay is mixed with substances calied nsiong
which improve the working qualities of the clay body, and reduce the
incidence of firing breakage. Commonly a pounded potsherd grog is
used, or a sandy filler obtained from decayed housewalls, or a com-
bination of these. After sieving the additives with the aid of a conical
basket, nkitan, they are thoroughly mixed with the clay, using a
wooden pestle of the type used for pounding boiled yam, and also by
trampling underfoot. This process is called udige aduang, and is
maintained until the correct consistency, aduang ndibiot, of the clay
body is achieved.

* The Shipibo-Conibo of eastern Peru similarly expend comparatively little

effort in cleaning their clays, but they manufacture jars and bowls from a com-

plex series of “recipes™ prescribing specific mixtures of three clays (black,

red, and white) and three tempers (caraipé or plant silica, ground sherds, and
. Sometimes wood ash) (DeBoer and Lathrap 1979, 110-11, 116—17):

. The alluvial clays utilized in ceramic manufacture are usually ob-
tained locally—within a few kilometers of the potter’s village. At the
clay bed, the clay is hand cleaned of large-sized vegetal and stone
inclusions and is packed into Joaves the size of volleyballs. The clay
is transported back to the village and stored in this form.

The ratio of clay to temper volume ranges consistently between 2
and 3; however, the ways in which different clays and tempers are
mixed depends on the kind of vessel to be made. Non-cooking
ware—including jars, beer mugs, food bowls, and shrania—is ide-
ally made from a mixture of equal parts of white and red clay tem-
pered with two parts crushed sherd to one part caraipé. Cooking
ware follows a more complicated recipe. In olfas, black clay tem-
pered with two parts caraipé to one part crushed sherd is ideally used
for the base and body of the vessel, while the neck is made from red
clay tempered with reversed proportions of caraipé and sherd. These
ideal rules or recipes for combining clays and tempers, however, are
not always actualized.
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POTTERY MANUFACTURING TECHNOLOGY

tinajera [a very large storage jar] and covered with water. By sunrise
the next day, it has become a heavy workable mass.

Every potter wedges her own clay. This is a sirenuous task. . . .
The potter begins by taking several handfuls of the wet, sticky clay
from the tinajera; she then places the clay on a broad, heavy, smooth
board . . . well coated with an extremely fine pumice . . .; this pre-
vents the wet clay from sticking to the board. If the clay is still too
wet to work, dry powdered clay is added to hasten drying without
sacrificing the clay’s plasticity. Pumice . . . is used as temper. . . .

In general . . . eight to twelve pounds [of clay] are wedged at a
time. The amount of pumice temper worked into the clay seldom ex-
ceeds 10 percent of the clay’s weight. During the wedging, foreign
matter—such as bits of wood, rootlets, pebbles, or vegetable mate-
rial—is carefully searched out and removed. As successive amounts
of clay are prepared, each is set out of the drying rays of the sun and
covered with banana leaves, until a supply of wedged clay sufficient
for the day’s work has been accumulated.

In Pakistan, a variety of combinations of clay-preparation techniques and
foot treading are employed. In Kharmathu (Rye and Evans 1976, 39—40), ap-
proximately 300 kg of clay is dug every three to four days by the potters at a
deposit 5 km from the workshop and brought back by donkey. The clay is
spread out in the courtyard to dry, large lumps are crushed with a shovel, and
then the material is passed through a sheet-metal sieve with apertures about
I em in diameter. The clay body is prepared in a trough 15 cm deep, 1.7 m
long, and | m wide. The trough is filled with dried clay, then enough water is
added to make the clay plastic. After about fifteen minutes, salt is sprinkled
over the clay and allowed to becomne moist, but it is not fully dissolved. Fol-
lowing this, a thick layer of sieved sand is spread over the clay and the potter
treads the mixture, adding more sand as needed. After a short while, lumps of
7-8-kg of clay are removed and hand kneaded with more sand. The clay is

then ready for use; portions that are not immediately worked on the wheels are

stored in underground pits.
At Multan, Pakistan (Rye and Evans 1976, 90—91), a slightly different pro-

- cedure is followed. Dried and crushed clay is weighed, then a specific quan-

tity is spread on the ground in “a flat hollow conical pile,” with water added to
the central depression. The clay is left to absorb the water, and portions from
the edges are moved to the center to be moistened. After a day, a weighed
amount (usvally 20% by weight) of sand is added to the wet clay and mixed by
treading. The clay mass is kneaded and turned three times, each time for one
and a half hours, then stored under wet sacking in & shady area of the work-
shop. For certain kinds of vessels, 2% to 1% of salt is added to the water
mixed with the clay before the addition of sand.

One of the most elaborate systems of preparing clays is used in the manu-

- facture of Chinese porcelains. According to an eighteenth-century description

written by a master potter (Stachelin 1965, 22—26), the kaolin clay of Qimen,

sixty miles northeast of the workshops of Jingdezhen in Jiangxi Province, was
washed, crushed, and then rewashed several times. After cleaning it was
strained through a sieve constructed of horsehair, then through a bag made of
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two thicknesses of silk. This purified clay was then formed into slabs that
were air-dried before shipment and storage. It was apparently common for the
clay workers in Qimen to adulterate the kaolin, however, so it was further
washed and purified once it reached Jingdezhen.

5.3 Forming, Finishing, and Decorating

5.3.1 Forming: Tools and Techniques

The selection of resources and their combination into a workable mass is dic-
tated in part by the shape or size of vessel intended and the method of forming
it. Because many things can go wrong as a pot is being shaped, dried, and
fired, a complex of beliefs, taboos, and rituals may w potters and pot-
ting, especially where pottery is still used for cuit objects or is important in
ritual, Among the Huichol, for example, the water mixed with clay used to
make a double-mouthed ceremonial vessel should come from the sacred caves
where these vessels are frequently placed (Weigand 1969, 14). Huichol moth-
ers also sometimes smear blood from the heart of a huromingbird on aﬁﬁg_g
girl’s wrist to enhance her skill at pottery making or at crafts in general
{(Weigand 1969, 31).

Among the Sepik River Kwoma in Papua New Guinea (May and Tuckson
1982, 218--20), where pottery cult objects are still used, clay is gathered only
by fully initiated men and their wives; pots may be made only by married
women who have borne two or three children or by men who have reached the
third stage of initiation., Washing, loud conversation, wood chopping, sago
cutting, and digging yams and taro are all forbidden during Kwoma pottery
making; menstruating and pregnant women may not go near the clay, and nei-
ther sex may engage in intercourse. Among potters in the Chorotegan area of
Costa Rica, women do not make pots during menstruation or for three months
after giving birth (Stone 1950, 272). Pamunkey potters in Virginia do not like
to have the process observed because they believe that if someone looks too
hard at a pot in the making it wili break (Stern 1951, 19).

Many techniques of constructing pots are known. These have been classi-
fied according to whether they are based on a single lump of clay or on suc-
cessive additions, whether they are entirely manual or if tools are employed
(Fewkes 1940, 1941), whether they are “primary” or “secondary” (Rye 1981},
and whether or not rotational (centrifugal) force is employed in forming.

Six procedures, for the most part basic in vessel construction, are com-
monly identified: pinching and/or drawing, slab modeling, molding, casting,
coiling, and throwing. A distinction is sometimes made between vessels that
are “‘built” by hand (i.e., using pinching, drawing, modeling, or coiling) ver-
sus those that are thrown on a wheel, but for convenience all these techniques
are grouped here as methods of constructing pottery. Frequently, several tech-
nigues are used in making a single vessel—what might be termed compound
or composite forming methods. Compound manufacturing techniques are
widespread, which makes it difficult to maintain a clear distinction between
so-called primary and secondary procedures (Rye 1981, 62). In addition, in
manufacturing a pot successive steps tend to obliterate evidence of earlier

¢
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- treatments. Thus, unless one-has observed the actual forming, it can be a
©problem to specify the construction procedures, even from whole vessels. Rye
- (1981, 59-81; see also Balfet, Fauvet-Berthelot, and Monzon 1983, 57--67)
:-notes the criteria by which most of the techniques discussed below can be
“identified on archaeological potsherds.

#5.3.1.1 HaND BUILDING AND MOLDING

Rinching and drawing techniques are similar in that they manipulate a lump of
clay into a vessel shape without adding more clay. Pinching consists of “open-
ing” the lump of clay by inserting the thumb or fingers or both, then squeezing
“the clay between the thumb and fingers or between the fingers of both hands.
Repeating this action around and over the entire lump thins and shapes it into
the desired form. Pinching is often used for smail, simple vessels that can be
held in the hand or to form the bases of larger vessels that are built up by other

methods.
Drawing is similar to pinching but is typically used on larger vessels and
emphasizes vertical movement. A large lump of clay is placed on a support
- and opened by thrusting the thumbs, ﬁngers or fist into the center. The potter

ing movement to raise and thin the walls of the emergmg vessel a tool may be
-used to scrape the clay upward. Both pinching and drawing may be incorpo-
rated in an essentially equivalent technique sometimes called lump modeling.

In slab building (also called segmental modeling), a vessel is constructed
from one or more slabs of clay that are rolied or patted flat and then joined
into the desired shape. In modern craft pottery this technique is mainly used
to create rectangular shapes, but 1t may also be used for cylinders or for build-
ing extremely large vessels. Morsel building (Fewkes 1940, 172; Stern 1951,
12-13), in which small lumps of clay are flattened and shaped then suc-
cessively joined to build the vessel walls upward and around, is a variant of
this method.

In molding or pressing, a section of clay, often preformed by patting or roll-
ing into a “pancake,” is pressed firmly into or over a prepared mold. Molds
may be convex, with the clay applied on the exterior, or concave, with the clay
fitted to the interior (fig. 5.3); they may form all (full molds) or part of the
vessel body (most typically the base; see Reina and Hill 1978, 22); and they
may be single units or made in two pieces (see Foster 1948b). Two-piece
molds, in turn, may be used to form either the upper and lower halves of the
vessel (as in Musazi, Pakistan; Rye and Evans 1976, 3233, pls. 21-22), or
10 form two sides of a vessel, joined vertically, as in Los Pueblos, Mexico
{Papousek 1981). Molds may be formed of plaster or fired clay; “ad hoc
molds,” however, are often created from large broken vessel fragments (as in
fig. 5.3), baskets, or depressions in the ground.

To help the newly formed vessel separate from the mold, parting agents—
'powdered clay, ash, manure, pumice, or fine sand—are used to prevent stick-
ing. It is somewhat easier to use concave molds, for during drying the clay
will shrink away from the mold. With convex molds the potter must be careful
to remove the mold before the formed clay shrinks too much (which will
cause the piece to crack) but after the clay is firm enough not to slump of its
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TR o _4'/
Figure 5.3 A woman belonging to a potter  firing or broken after primary use. Women in
caste in Udaipur, Rajasthan, India, making India do not use the wheel, and these griddles
griddles by paddling clay over the base of a  are virtually the only forms they make. Photo-
water storage jar. The griddles are then dried  graph by Carol Kramer.
in the top parts of jars that were damaged in

own weight. The use of molds in vessel building is most clearly evidenced by
the marks of seams at the juncture or edges of the mold. The technique may
also be distinguished by a thin surface layer of parting agent or a gontrast in
textures between very smooth (mold side) and rough (scraped or beaten side)
surfaces of the vessel.

Molds, especially concave molds, may be incised or carved with some sort
of decoration, so that when the clay is firmly pressed into them the molded
surface acquires the decoration in relief. This technique was used for much
Samian ware (fig. 1.7, see Johns 1977a) and is typically associated with rapid
manufacture of many highly standardized vessels (see Peacock 1982, 121, cit-
ing Goudineau).

A variant of molding is casting (or slip casting), but it is not known to what
extent this technique might have been used, if at ali, in antiquity. In slip cast-
ing a thin suspension of fine clay in water is carefully poured into molds (usu-
ally formed of plaster); it is allowed to stand for a short time while some of the
water is absorbed into the pilaster, then the excess slip is poured off and the
piece dries in the mold. The potential for defects in cast ware is high, and
many factors must be tightly controlled, especially the viscosity of the. slip
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_Figure 5.4  Potter in Margaurites, Crete, adding a large
coil segment at the top of a fowerpot. The join of the coil
segments is just visible to the potter’s left. The pot is
formed on a pivoted turntable, turned by an assistant,

'Photograph by Lynnette Hesser, .

and the rate of filling the molds (see Norton 1970, 101--29; Brody 1979,
27-39).

Coiling is a very common manufacturing technique whereby coils-—ropes,
rolls, or fillets of clay-—are built up to establish the vessel circumference and
- gradually increase the height (Blandino 1984). The term coiling may refer to
any of three variants: ring building, segmental coiling, or spiral coiling. In
ring building individual rings of clay are laid in separate courses atop one an-
other. Segmental or composite coiling is a variant of ring building in which
each annular course is composed of several segments rather than a single rope
. of clay that measures the entire circumference of the pot (fig. 5.4). Spirat coil-
ing refers to building a vessel from a spiraling rope of clay. Although the ves-
sel is not usually formed of one enormously long continuous spiral, the coil is
 effectively continuous: a new rope of clay is spliced to the previous one and
coiled around and upward in place of using a series of independent rings. Spi-
ral coiling is usually used for the entire vessel; ring building and segmental
coiling may be used either to form a whole pot or to build parts of vessels that
are completed by other techniques such as pinching, modeling, molding, or
_ throwing.

The coils are formed initially by squeezing or rolling the clay into long
ropes or fiflets whose diameter is usually two to three times the intended thick-
ness of the vessel. Successive coils are applied to the exposed edge of the
vessel wall, often overlapping slightly on the intetior or exterior, and pinched,
to make a firm join. The oblique juncture formed by an overlap allows a
stronger bond between the coils because the area for bonding is greater and
more direct pressure can be applied than with a vertically placed coil. Con-
tinued squeezing, pinching, and drawing of each coil extends the wall beyond
the original height (or diameter} of the coil itself (fig. 5.5). The junctions of
the coils are usually obliterated by later finishing treatments, although on
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Figure 5.5 (left) Potter in Chinautla, Guatemala, draw-
ing up and smoothing a neck coil on a tirgja, or water jar.
The body was partially dried before the neck was added.
The vessel is formed on a board that permits turning the
piece during manufacture.

Figure 5.6 (below) Coil fracture on a sherd of a vessel
built by spiral coiling. Note the smooth edges where it
was imperfectly bonded with another coil. Maximum ex-
terior diameter, 13.2 cm.

some prehistoric pottery of the American Southwest the narrow coiled fillets
were left as originaily applied and pinched, forming the distinctive ““corru-
gated” pottery ware (Gifford and Smith 1978).

Coiling can be easily identified as the technigue used when the coils were

poorly bonded. If, for example, the clay dried excessively before the next coil
was applied, the join will not be strong, and the stresses of drying, firing, and
use may further weaken these bonds. Hairline cracks and distinctive patterns
of breakage may be evident along parallel planes, either horizontal or gently
spiraling. The fractures themselves are usually refatively smooth and rounded
(fig. 5.6), marking the upper edge of a coil that had another applied aboye it.
Coiling is particularly well suited to building extremely large vessels, such as
storage jars.

5.3.1.2 THROWING

Throwing is done on a potter’s wheel (see sec. 5.3.1.3); because the wheel
was never used in the pre-Columbian Western Hemisphere, this technique is
confined to pottery of the Old World. The clay body prepared for throwing is
generally softer and wetter than that used for hand building, partly because
the lifting or drawing action used to raise the walls will not allow for a stiff,
dry clay, but also because the air circulation during rotation leads to more
rapid evaporation of the water and drying of the body. The clay is often some-
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what finer textured as well, to avoid excessive abrasion of the potter’s hands.

In throwing, a lump of clay is piaced on the wheel with its mass carefully

centered (fig. 5.7a); otherwise the pot will be asymmetrical and uneven
“in thickness. The clay is opened (fig. 5.7b) by inserting the thumbs or a fist
- into the center of the mass as it rotates. The vessel is shaped by lifting the clay
{fig. 5.7¢), aided by centrifugal force, with one hand inside and the other out-
side to draw the walls upward and outward, thinning them at the same time.
The base may be trimmed with a tool (fig. 5.7d). A variant technique is
throwing “*from the bump,” in which a very large lump of clay is centered on
the wheel head and several vessels are thrown in succession from the clay at
the top of the lump. Finished vessels are usually cut from the wheel with a
. wire or thread while the wheel is rotating or stationary (for an unusual variant
of completing wheel-thrown bases, see Dumont 1952 and below).

Wheel-made pottery can usually be unambiguously detected because sherds
exhibit “rilling” —rhythmic ridges and grooves that spiral around the vessel
walls (fig. 5.8)—although these may be obliterated by careful smoothing of
one or both surfaces. The undersides of the bases of wheel-thrown pots may
also bear characteristic concentric striations (fig. 3.6) caused by removing the
vessel while the wheel is still turning.

In jiggering (see Norton 1970, 143—44; Brody 1979, 57-59), a technique
based on the wheel, clay is placed in or over a revolving mold, which shapes
one surface, and a template is held against the clay (on either the interior or
the exterior) to shape the other surface as the clay rotates. This is sometimes
called jollying when the clay is placed inside a mold (Rhodes 1973, 307). Re-
gardless of the specific terms, jiggering requires absolute centering of the
mold and careful drying, especially if the clay is placed over the mold. The
procedure is usually performed by hand, but in industry it is increasingly
mechanized.
~ Vessels are frequently manufactured in separate stages by some combina-
tion of these constructional techniques. For example, vessels may be formed
by molding the lower half and then coiling the upper portion; by throwing
the body and adding a coil for the neck or rim; or by molding the base and

- throwing the body from coils, sometimes combined with beating, as in Mu-
sazi, Pakistan (Rye and Evans 1976, 32—34, pls. 18-26). There jars may be
“formed in two-part molds, the clay being pressed into the molds while rotating
- on a wheel; after a short drying period a coil of clay is applied to the opening
the top mold, and then this is thrown on the wheel to form the neck (Rye
and Evans 1976, 33, pl. 22). Modeling or molding is frequently used to shape
ecorative or functional appendages such as handles, spouts, or supports for
iessels formed by any of the other methods. Partially completed vessels or
reforms may be set aside to dry briefly (as in fig. 5.3) while additional pots
are begun, then the potter returns to the first pots and continues building by a
different technique. In this procedure the potter must be careful that the edges
of the preform do not dry excessively, and so the edges or the whole piece

y be protected with cloth or leaves.
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Figure 5.8 “Rilling,” the characteristic un-  the interior or exterior {or bolh?of a wheel-
dulating ridges and striations running around  thrown vessel.

5.3.1.3 SupporTS AND ROTATIONAL DEVICES

During all these operations, the soft, wet, plastic clay of the growing vessel
must be supported in some way, or it will slump. Small objects formed by
pinching can be held in the hand, but larger vessels are usually placed on some
surface that will accommodate their weight, shape, and the particular require-
ments of the forming technique. These supporting devices may be called pot
rests or bats {or batts), but a variety of particular forms have their own names
(see below). Vessels that will ultimately have flat bases may be formed on a
mat, a board (e.g., fig. 5.5), a clay disk, or the floor. Vessels with round or
pointed bases must be formed on supports or on pot rests that either shape the
base—such as a mold of some sort—or cradle a previously formed base, for
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C

Figure 5.9 Various potter’s turning devices and wheels: a, tournette or hand wheel,

high mounted; b, tournette or hand wheel, low mounted; ¢, stick (rod, or simple)
wheel, turned by propelling a stick inserted in the holes on the outer wheel; d, kick
wheel (potter’s seat is to the right). Heavy stipple indicates whee! head: light stipple
indicates flywheel; black lozenge indicates bearing or pivot. After Lobert 1984, fig. 1.

cxample, large potsherds, baskets, bags, or rings of cloth, grasses, straw,
twigs, or bark. Sometimes rings of bark, twigs, rope, or other firm materials
are placed around the exterior of a finished pot during drying so it will not
warp (see Matson 1974, 346).

Besides the building technique and the support given the vessel, one must
consider how ali sides of the vessel are given the potter's direct attention. The
- potter may either walk around the pot or, far more commonly, kneel or sit
immobile and turn the pot during the work. Although it seems inefficient to
keep the vessel fixed and have the potter walk around it, this procedure, called
the orbiting technique (Reina and Hill 1978, 23; also Lothrop 1927) is not
unknown. The clay is placed on the ground or on some other surface and is
usually shaped by drawing, although coiling is also used. The potter, doubled
over, moves slowly backward or sideways around the vessel as he or she works.

Itis far more typical, however, to turn the clay during the process while the
potter remains stationary, sitting, kneeling, or squatting. A variety of devices
- ¢an be used to help move the vessel, and these also contribute to construction
through the turning action. Three principles are involved: rotary motion,
pivoting, and centrifugal force.

The simplest of these mobile devices are the great variety of pot supporis or
- turntables that permit rotary motion but are not pivoted and do not supply

centrifugal force. The large sherds used as concave molds, for example, will
- turn easily because of their curvature, and sometimes pottery saucers are
‘used, as among the Aymara in Peru (Tschopik 1950) or the Pueblo Indians
(the puki; Guthe 1925, 27-51). Several more specialized devices providing
intermittent rotation—often at very high speeds—are found in the New
World, including the molde of Coyotepec (Foster 1959), the pivoted convex
basal mold of San Cristobal Totonicapén (Reina and Hill 1978, 79— 80), the
paradar of Acatlin (Lackey 1981, 65), and the kabal of Yucatan (Thompson
1958, 76-81, 140 41; Brainerd 1958; Mercer 1897), which has been mis-
takenly termed a “primitive” potter’s wheel. While most of the devices are
turned with one hand, the kabal—a small disk or cylinder of wood—is usu-
ally turned by the potter’s feet thus leaving both hands free for forming and
shaping. In Nigeria an unpivoted turntable, adiok, used by the Ibibio, is
turned with the hands rather than the feet (Nicklin 1981b).
- Rotation, plus the advantage of a pivot to center the revolutions, is provided
by a variety of turntable devices usually referred to as tournettes (fig. 5.94,b).
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The tournette typically consists of two stones with a pivot and socket (perhaps
lubricated with oil) or a wooden board turning on a stick or pin that acts as a
pivot. It is generally small and may be turned with the hands or with the feet
(as in Kornos, Cyprus [Matson 1974, 345), or as with the ladum used by the
Ogoni in Nigeria [Nicklin 1981b, 184]).

Although in form and in some aspects of use the tournette mimics the true
potter’s wheel, its small size and weight and its lack of a flywheel mean that it
does not rotate with the sustained momentum and centrifugal force of the true
wheel, and thus pottery is not thrown on it. It is often mislabeled a “slow
wheel,” but this term obscures the very real differences in operating prin-
ciples between the two. Tournettes can, however, be rapidly rotated for short
periods and may produce the same rilling seen on wheel-thrown pottery. This
is also true of the kabal, which has been classed as a type of tournette, and the
molde; as Foster (1959, 59) notes, the even, smooth spin of these devices can
be attained only with large, heavy vessels.

The true potter’s wheel developed in the Old World four to five millennia
ago. Its age and antecedents arc uncertain, although the evidence suggests it
was in common use by the Middie Bronze Age (after ca. 2250 B.C.}; it may
have been preceded by a tournettelike mechanism (Johnston 1977, 206; see
also Amiran and Shenhav 1984). In China it may have been in use during the
first millennium B.c. The potter’s wheel combines rotary motion and pivoting
with centrifugal force, producing more-or-less continuous high-speed rota-
tion. Critical factors in the use of the wheel for pottery building are the speed
of the wheel, its momentum, and its steadiness or fack of oscillation. Momen-
tum is important because the rotation is slowed by friction from the potter’s
hands on the clay. Two major types of potter’s wheel are known: the stick
wheel and the kick wheel (Lobert 1984),

The stick wheel (fig. 5.9¢) or simple wheel has a large head and a short
axle. There is no flywheel; the head itself has sufficient weight to maintain the
momentum. The stick wheel, which may be made of stone, clay, or concrete,
is rotated by inserting a stick into a hole in the top and turning it thirty or forty
revolutions. This is enough to cause the apparatus to spin on its own for as
much as five minutes without stopping. The stick-turning may be done by the
potter (fig. 5.10) or by an assistant while the potter sits at the wheel and
throws the pot from the centered lump of clay once the wheel is spinning. It is
difficult to maintain continuous rotation with the stick wheel because it is im-
possible to turn it with the stick while the potter is working (though the wheel
may also be hand turned). _

The stick wheel is commonly used in India, where potters (Kurnbhaars)
have a myth about its origin:

In ancient days the potters’ wheel used to turn by itself. It was given
by God. One day a man kicked it with his foot and it stopped turning.
The potters then went to Shankar Bhagvaan and told him what had
happened. He gave them a stick and said the wheel would have to be
turned by using the stick. He also took off the waist string from the
potters and said the pot would have to be cut from the wheel by that
string. (Lynch 1979, 6-7)
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Figure 5.10 A Muslim potter in fhanwar, Rajasthan, In-
dia, turning a traditional stick wheel, interrupting the
shaping of a large vessel used to make milk products such
as yogurt. The walls are thrown on the wheel, then the
base is paddled in from the bottom of the walls. Photo-
graph by Carol Kramer.

~ The kick wheel, compound wheel, or double wheel (fig. 5.9d) consists of a
wheel head and a fiywheel joined by a vertical axle and mounted with separate
bearings in such a way as to prevent oscillation. The apparatus may be raised
to the level of a workbench or sunk into a pit. Either way, the potter sits at the
level of the relatively small upper wheel, upon which he or she works the clay
while kicking the lower flywheel. This lower flywheel is large and sometimes
very heavy (as much as 150 pounds); the large size allows it to store energy
supplied by kicking, release it as rotational motion, and maintain the rota-
tional momentum without the upper wheel’s being slowed by friction. The
speed of rotation for shaping certain parts of the vessel (sec Rye 1981, 74) is
“controlled by the rate at which the potter kicks the wheel. The advantage of
‘the kick wheel is the constant rotation and the lack of interruption while an
“assistant (or the potter) sets the wheel revolving again. Because the kick wheel
'i§ a heavy and rather complex mechanism, unlike the portable stick wheel, it
s usually permanent equipment and is typically associated with large-scale
‘workshop production. In many instances, however, its speed and momentum
“are not fuily utilized, the wheel being used more as a turntable (see Nicklin
1971, 36), as in the manufacture of moldmade jars in Musazi, Pakistan. Mod-
ern potter’s wheels typically are electrically powered rather than kicked, but
he principles are essentially the same.
“All the devices used to rotate vessels—the pot rests, kabal, tournette, and
wheel—may be employed throughout the process of manufacture, from con-
truction, through finishing, to decoration.
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Figure 5.12 The interior of a sherd showing the stria-
tions left by scraping with an uneven or serrated tool such
as a shell.

Beating or paddling—repeatedly striking the clay with or without opposing

pressure—is rarely a primary constructional process (cf. Solheim 1954,
305-7). Rather, the technique is employed on 2 roughly preformed vessel in
the wet or nearly leather-hard stage to modify its shape, size, and surface
characteristics and compact the paste. The most common kind of beating is
- the paddle and anvil technique (Fewkes 1941), in which a flat or concave stick
or beater is used on one surface and a convex stone or clay anvil is opposed on
the other surface (usually the interior), leaving a series of rounded impres-
sions in the clay (fig. 5.11). Paddling or beating the surface has many signifi-
cant effects on the final character of the vessel: it may improve the bonding of
segments, obliterate coil marks or irregularities, thin the walls, compact the
paste, smooth (or roughen; sec. 5.3.4.1) the surface, and alter or enlarge the
:contours of the vessel. Potters often employ several sizes, weights, or shapes
‘of paddles in finishing a single vessel to vary the pressure or conform to its
‘curvature (Scheans 1977, 13, 50; Ogan 1970, §7; Fontana et al. 1962, 65).
" Paddling is perhaps most commonly associated with finishing coil-built
vessels, but this is by no means exclusive. In parts of Pakistan and India,
:paddling is used on wheel-thrown jars to enlarge the vessel body (Rye and
Evans 1976, pl. 26; see also Dumont 1952).

‘Scraping is often described as the most time-consuming step in pottery

anufacture; it may be carried out several times to thin the walls and remove

urface imperfections. Scraping is commonly used in finishing vessels shaped

y coiling, molding, or pinching and is usually carried out before the vessel

as completely dried, usually while the clay is still wet or at a soft leather-

ard stage. Clay pastes having large inclusions usually exhibit linear scars or
idges where particles were dragged along the surface in scraping, showing
he direction of movement of the scraping tool. If the tool is held perpen-
icular to the vessel surface and moved rapidly, the edge may leave a series of
ligned shallow fractures and ridges in the clay perpendicular to its direction

f movement. Scraping may be done with smooth-edged tools, such as pieces

f cane, bamboo, gourd, bone, metal, or hard plastic similar to modern pot-

’s 1ibs, or with a toothed or serrated device such as a shell or flaked stone

] or a sherd (fig. 5.12).

Trimming or fettling, usually associated with wheel-thrown or moldmade

ttery, refers to cutting away excess clay and imperfections from the vessel
when it is leather-hard. For example, the ridge where two halves of a mold

ned may be trimmed away with a knife or other sharp tool.
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Once the pottery vessel has attained its final shape and any irregularities
have been eliminated, its surfaces are finished. This surface treatment may be -
cursory, or it may be time-consuming and precise; finishing may be the final
treatment given the vessel before firing, or it may be a prelude to additional
decoration. The major surface-finishing techniques are variants of either
smoothing or texturing.

The vessel is smoothed to create a finer and more regular surface than re-
sults from forming. Smoothing is usnally done with a soft, yielding tool such
as cloth, leather, a bunch of grass, or the potter’s hand. Alternatively, a hard
tool may be rolled over the vessel to eliminate imperfections and even out the
surface; in highland Guatemala, for example, corncobs, sticks, and wooden
spools are used on the pot’s surfaces (Reina and Hill 1978, 135, 165). Vessels
are usually smoothed before they are completely dry, or they may be rewet
before smoothing. Where the hand or fingers were used in smoothing still-
plastic clay, the vessel usually has a distinctive appearance—extremely fine,
shallow parallel striations with rounded edges. The final surface has a matte

rather than a lustrous finish because the particles are not aligned or com-
pacted; any luster is that natural to the clay.

In burnishing a surface is finished by rubbing back and forth with a smooth,
hard object such as a pebble, bone, horn, or seeds. Compaction and reorienta-
tion of the fine clay particles (through plastic flow) give a surface luster. This
compaction with each stroke of the burnishing tool creates the narrow paralle
linear facets that are the telitale mark of the technique (fig. 5.13a); careles:
burnishing produces an irregular, streaky luster (fig. 5.13b) and incomplet:
coverage. Burnishing may be done on leather-hard or dry clay, but luster cat
be destroyed if the clay shrinks further. Except for clays with unusually lov
shrinkage or a high natural luster, the sheen will be retained only if the clay i
burnished while dry.

Pattern burnishing creates a design by juxtaposing burnished (Justrous) an
unburnished (matte) areas. A polished surface differs from a smoothed or bur
nished one primarily in care of execution: polishing is done on a dry surfac
and gives a uniform luster without the pronounced parallel facets produced b
burnishing leather-hard clay.

Sometimes a formed vessel may be roughened, textured, or patterned,
common method of finishing vessels with utilitarian roles in cooking an
transport (see sec. 7.3.5), in which case the surface treatmept may be as muc
functional as decorative. Rough surfaces provide a better grip, for example
for carrying a heavy, wet vessel and may also improve heat transfer in cool
ing. Among the many techniques of surface patterning are brushing, striating
combing, stamping, impressing, and rouletting. Textured surfaces may als
result more directly from the construction technique, as in the prehistor
coiled “corrugated” vessels of the American Southwest (McGregor 194
253-54; Gifford and Smith 1978), or from forming in a carved or otherwi:

patterned mold, or from beating with a patterned paddie. These roughenir
or texturing treatments may be applied to the entire surface of a vessel
to only a portion of the area, in which case they seem to be more decorati
in nature. '



“Figure 5.13  Burnished surfaces: a, the parallel facets on
the surface of a burnished vessel marking the strokes of
a hard tool, which compacts the paste; b, the uneven,
streaky luster on a carelessly burnished and heavily fire-
“clouded vessel with appliquéd decoration.
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Figure 5.14 The overall surface texturing resulting from
beating the surface of a vessel with a carved paddle while
still wet.

In brushing, striating, and combing an irregular, toothed; or serrated tool is
drawn over the surface, creating a series of shallow paraliel marks. These
treatments are often found on only part of the vessel—for example, the body
of a jar, with the neck left smooth.

Brushing may be a type of smoothing; a handful of grass, straw, or other
textured but pliant material is wiped over the surface. To affect the final ap-
pearance of the vessel and to leave visible traces, this must be done while the
clay is still wet and plastic.

Striation means drawing a toothed or serrated hard-edged tool, such as a
shell or chipped stone, across the surface of soft or leather-hard clay to create
an overall effect of paraliel scoring. The strokes are usually done in the same
{or nearly the same) direction, creating a regular finish; sometimes the direc-
tion may be varied to create a herringbone pattern. Striating a vcssel may also
serve to scrape, thin, and even out the surface.

Combing is a more elaborate version of striating; the serrated tool may be
applied only to particular areas of a vesscl, or it may be manipulated to create
patterns such as undulations, bands, or checkerboards.

Stamping, rouletting, and impressing are not always mutually distinguish-
able, and the terms may be at least partially interchangeable. Although these
treatments may be used to decorate limited areas of a vessel, they may also be
applied to the entire surface. Overall surface impressing or stamping may be
done with corncobs, nets, the edges of shells, textiles, baskets or mats, and
sticks or paddles that may be grooved, carved, or wrapped with cord. Thus the
paddle-and-anvil technique of surface finishing may, if executed with a carved
or wrapped paddle, also produce surface texturing (fig. 5.14).
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Stamped and impressed surfaces were especially common in the east and
southeast regions of the present United States during prehistoric periods (see,
e.g., Broyles 1968), as well as in the present. In addition to the items men-
tioned above, Pamunkey potters of northeastern Virginia also used “thimbles,
railroad seals, watch chains, buttons, the denticulated edge of fossil sharks’
teeth, the fluted surface of a muskrat’s tooth, the end of a key, a string of beads
. . . [and] glass pieces with flower designs cut on them” (Stern 1951, 21).

5.3.3 Forming and Finishing: Ethnographic Examples

The ethnographic literature on pottery making provides abundant examples of
the diverse procedures for constructing cooking pots and storage jars. Among
the Papago of southern Arizona, for example, where pottery making is pri-
marily a part-time occupation of middle-aged women, most vessels (except
ashtrays, toys, etc.) are formed by a combination of convex molding, paddle
and anvil, and coiling (Fontana et al. 1962, 58—79):

[The potter] removes a fistful of wet clay from its container. This she
puts on the cloth in front of her and begins to pat it into a bun. As
soon as the ball of clay is round and flat, she adds ashes or dirt to the
stone anvil with which she pats the bun, or to the mold, to prevent
the clay from sticking to her hands. . . .

The potter then places the bun over the base of the inverted pot
that is being used as a mold. She may first put ashes on the base of
the mold to prevent the bun from sticking to it, or she may use dirt,
water, or, as one potter told us, nothing. . . .

With the bun over the mold, the potter proceeds by using the stone
anvil to pat the ciay thin. She turns the mold in front of her from time
to time. When the bun has been pressed over the base of the mold for
a short distance by the use of the anvil, the potter then uses a wooden
paddle (generally carved from mesquite or fashioned from 2 barrel
stave) to spread it farther. . . .

Then the potter wets her hands . . . and smooths the molded clay
with her wet hands until the surface is quite shiny. She then lifts the
clay from the mold and sets the new base upside down on a cloth
on the ground, wiapping a second cloth around the rim as she
does s0. . . .

After the base of the pot has dried to a leatherlike texture, the pot-
ter turns the base upright, setting it down in the center of a rag ring
under a cloth. . . . [She wets her hand, smooths the base, and] then
dips a curved wooden paddle into a pan of water, wets a stone anvil
with it . . . and strikes against the rim of the base opposite the anvil
with the paddle . . . to thin the wall of the base of the pot and in-
crease its height.

The potter then smooths off the rim with a moistened right hand
and tears off a small handful of wet clay to make the first clay
coil. . . . The length of clay rope is stuck to the rim of the base by
placing four fingers behind it on the interior of the pot and pinch-
ing in and down against the coil in front of the fingers with the
thumb. . . .

When the coils for the body have been added they are made to
blend into the base of the pot first by sealing the seam by hand where
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the coils join the rim, and then by pounding smooth with the paddle-
and-anvil technique. . . .

When the pot has been brought to its desired form, it is allowed to
dry in the sun for a few minutes. Then the potter rubs over the entire
surface with a waterworn pebble or other smooth object.

In Guinhilaran, in the southern Philippines, both men and women make
pottery, but each sex makes different vessels and uses different techniques.
Men, for example, use a slabbing technique to make flowerpots (maseteras)
and large jars, both of which begin with a roughly cylindrical preform called a
mustra (Scheans 1977, 16—-19):

The basal pad, buli, is made by patting out a lump of clay on a
square of newspaper placed on the potter’s bench. The finished pad
with its paper is then set on a square, footed wooden palette . . .
[which is placed on a raised support. The potter forms a coil of clay
and places it on a bench that is] sprinkled with fine wood ash, abo,
so that when the coil is flattened it will not stick. . . . the coil 1
punched down with the ball of the palm, then spread across the board
with the side of the hand. It is then patted flat and scraped, nakaros,
" with the fingers to even it and to find any unwanted inclusions. The
slab, tapi-tapillawas, is next picked up and taken to the support
where it is fitted around the edge of the buli by being bent intc a tube
on its narrow dimension. The long edges of the tube when they meet
are overlapped and joined by finger smoothing. Next the base joint is
scraped with the fingers as the potters walk around the support. . . .
After the joints are finished, the potter hand paddles his. piece in
order to slightly flare out its upper portion. It is then finger scraped,
hand paddled some more, and the joints reworked. . . . A final touch
done by most potters is a smoothing of the lip witha wetted hand. . . .

After a short drying period a bench coil is placed on top of the
mustra lip. It is pinched and scraped into place, thickening the rim
area. . . . When dry enough . . . paddling now is done with the
wooden paddle and stone anvil and its purpose is to form and finish
the completely buiit vessel. . . .

After paddling, the lip is evened up and levelled by trimming . . .
then smoothed down with the fingers and a wet cloth. . . . If the pot
has the ordinary thickened belt rim, this will be finished either with a
tool or by hand. The tool, kias, is a combination gauge and scraper.
Its upper end rests on the lip and its lower end with its metal base

marks the bottom of the rim. . . . The pot is then completéd by pok-
ing a hole into the wall near the base with the finger to serve as a
drainage hole.

In Santa Apolonia, in the central highlands of Guatemala, ollas and jars are
made by the laborious “drawing” and “orbiting” processes (Reina and Hill :
1978, 56—63; see also Arrott 1953): |

Forming a rounded clay column six to eight inches high by ten inches
in diameter, the potter plunges her left hand into its center and, get-
ting to her feet, models the clay into a cumbersome ring. Moving this
ring to another . . . spot {sprinkled with dry clay], she straightens
the walls and adjusts the ring to a uniform diameter by rotary pres-
sure from within. Now, still upon her feet and stooping over, she
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begins to move slowly backward in a clockwise motion, orbiting
around the clay ring. . . . Herright-hand fingers now proceed gently,
but with great firmness and speed, to drag the soft clay of the interior
upward to form a steadily rising wall. . . . After circling backward
two or three times around the work, the potter begins to shape and
refine the walls. . . .

Work on the surface of the top half of the vessel now proceeds with
the aid of a corncob. While continuing to move backward, the potter
rolls the cob with gentle diagonal pressure upward from the heel of
her right hand to her fingertips, leaving the imprint of its rough,
pockmarked texture upon the clay. . . . [Then] she rolls a smooth,
short, rounded stick about an inch and a quarter in diameter over the
surface. The pockmarks disappear and the surface becomes more
uniform. Finally the potter goes over the entire vessel with her wet
hands, then smooths it with a folded wet cloth. . . |

Holding the soft clay at the [mouth] opening within the fold of a
wet cloth or leaf held between thumb and forefinger of her right
hand, she moves around the vessel rapidly to form the upturned rim.

At this stage . . . the potter leaves the half-completed vessel to dry
in the sun for an hour or longer. . . . [Then] she will turn [it] over
. . . and place it carefully on its rim upon the ground. This manipu-
lation is difficult, for the vessel can still be easily distorted.

When she has inverted the vessel, the clay deliberately left within

- the ring when she began work . . . is still wet and pliable. Putting her
- left hand through the aperture to support the heavy clay from within,
the potter shapes the curving walls of the bottom toward the dimin-
ishing space around her supporting hand. To extract her hand and
complete the base, she uses a corncob to draw the clay toward the
_center, exerting pressure through the cob, slowly removing first her
whole hand, then her fingers. Rolling and pressing the clay toward
the center, the potter reduces the opening to a point where only one
fingertip remains within the vessel. She withdraws this finger, raising
a heavy flap of clay around the small opening that remains. This she
rolls flat, incorporating it with the rest of the bottom, and the base is
‘completed.

An unusual technique for making pottery is reported in Kokkulam, south-
i India. Potters combine throwing of the upper half of a vessel with two

ges of paddling, which closes the base, thins the walls, and significantly
increases the size of the lower half of the vessel (Dumont 1952, 81):

- Several handfuls of clay previously prepared are flung upon the flat
“central part of the wheel, to form a large mass out of which several
;pots will be turned. The wheel is spun by a stick (or with the hands).
~Then, with both hands acting powerfully, the potter draws the clay up
..into a thick cylinder at the top of which the pot will be shaped.
:-Hence, when the latter is removed, there is a large hole at the bot-
tom. ... . It will be the first function of the subsequent beating to
close that hole.
... . after a short while, when the pots have been allowed to dry in
he sun . . . the potter beats the pot between a round stone anvil,
held inside with the left hand . . . and a hard-wood mallet, shaped
ike a pyramid surmounted by a cylindrical handle. . . . The pot is
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held between the left thigh and the right foot, and slightly turned
from inside after each stroke with the mallet held in the right band.
Several phases should be distinguished in this process. . . . The pot-
ter himself . . . distinguishes two phases: first, closing the hole
(“rent’) at the bottom. . . . Then comes the polishing or “covering
level,” neravi pudeippadu, after watering the surface, with two
phases, the first with perpendicular percussion, the second with
oblique percussion to wipe out the traces of the first. . . . The latter
is repeated after the pot has dried overnight. The process is thought
to give more cohesion to the clay.

5.3.4 Surface Enhancement

Many decorative treatments can be applied to pottery. They may be differenti-
ated as treatments that cover the entire surface versus those covering only par-
ticular parts; those applied before firing versus those applied afterward; plastic
techniques versus applications of color; and additions to the surface as op-
posed to penetration of the surface.

For the present, decoration means embellishment of a vesse! beyond the
procedures used in forming the clay mass into the final vessel shape and
finishing its overall surface. Certain surface treatments are left in a somewhat
ambiguous status by this definition, however. For example, is an allover im-
pressed treatment part of finishing, or is it decoration? One could perhaps ar-
gue that this treatment is functional and thereby sidestep the question, but this
is not a satisfactory solution. Decoration may have a variety of functions,
both utilitarian and symbolic (sec. 8.3.3). Furthermore, certain kinds of deco-
ration may modify the shape rather than the surface of the vessel, and these
secondary form characteristics may also enhance the utility of the piece.

Two categories of decorative treatments are distinguished here: those that
displace or penetrate the surface, and those that involve additions to (or over)
the surface. As was true of construction techniques, these decorative catego-
ries are not mutually exclusive, and frequently several kinds of decoration are
superimposed or applied on different parts of the piece. Criteria for identify-
ing these techniques on potsherds are discussed by Rye (1981, 89--94) and by
Balfet, Fauvet-Bertbelot, and Monzon (1983, 19-125).

A

5.3.4.1 SURFACE PENETRATION OR DISPLACEMENT
In displacement and penetration techniques embellishments are cut from or
impressed into the surface. They may either remove or displace the clay, de-
pending on how dry it is. Impressing is usually performed on wet clay, but
cutting may be done on wet, leather-hard, or dry clay or even after firing.
Impressing and displacing techniques include simple impressing, stamping,
rouletting, rocker stamping, and punctation. Impressing and stamping are
similar to the techniques described above under finishing, but as decoration
they embellish only part of the vessel rather than the total surface—as, for
example, around the rim, neck, or shoulder or on an appliquéd fillet or flange.
The distinctions within this category depend on the object and method used
to make the decoration. In simple impressing the imprint of a tool on the




POTTERY MANUFACTURING TECHNOLOGY

Figure 5.15 Punctation: g, with a hollow made with a wedge-shaped tool.
fube, such as a reed; b, rows of punctations

clay surface creates a pattern; this may be a natural object such as shell, reeds,
corncobs, or animal teeth or bones, or it may be a manufactured item such as a

iece of mat, textile, or string. Impressing may also be done with a thumb,
finger, or fingernail.

In stamping a tool {any of those mentioned above or a specially formed
stémp) is used as a die to impress a repeated pattern of identical motifs.
Stamping differs from simple impressing in the unitary rather than continuous
character of the decoration.

“In rouletting a cylindrical tool is rolled over the surface, leaving a continu-
ous impressed design. Balfet, Fauvet-Berthelot, and Monzon {1983, 101) dis-
tinguish two variants of rouletting based on the size of the implement: molette
{or roulette; 4 cm or less) and rouleau (roller; greater than 4 cm).
“Rocker stamping is a combination of stamping and rouletting; a stamp (for
xample, a shell) is “walked”™ or moved over the surface by rocking from side
to side, producing a distinctive irregular zigzag decoration. Rocker stamping
15 usually done with a convex tool or with the edge of an implement.
:In punctation depressions are punched into wet clay, usually with a sharp or
pointed instrument (fig. 5.15a,b), such as a stick, a hollow reed, an awl, or a
nger or fingernail. This treatment is sometimes described as linear puncta-
on if the depressions form lines. Punctation often (but not always) involves
ine displacement of the clay.

Atis often difficult to determine the exact tool or pattern used in these deco-

tive treatments because of indistinct or overlapping impressions, the rough

Xture of the clay, or surface wear. The motifs can frequently be discerned

ore clearly by covering the area with Plasticine and studying the positive

lthough impressing and cutting techniques both displace, penetrate, or re-
ve material, in cutting operations the tool is drawn through the clay. The
lement is moved along the surface rather than pressed perpendicularly into
Cutting techniques fall into three major categories: incising, carving, and
erforating. Most may be executed when the clay is plastic or leather-hard;
ome may be done when the clay is dry, and some after firing.
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Incising—cutting lines into the surface of a vessel with a pointed imple-
ment—-is one of the most variable of the decorative techniques. The appear-
ance of incised decoration depends on the statc of the clay (wet, leather-hard,
dry, fired), the texture of the paste, the size and shape of the instrument, the
angle at which the instrument is held, the pressure used, and the direction the
too} is moved.

Based on these sources of variation, incised decoration may be further de-
scribed by several terms (see Shepard 1976, 195-203); for example, in terms
of the tool used to create the design. Fine incising is done with 2 sharp-pointed
instrument and creates lines that are narrow, generally deep, and have a V-
shaped cross section. Groove-incising may be done with an instrument that
has a broader round or pointed tip, and the lines are broad and shallow; some-
times it may be done by a gougelike tool, held either perpendicular to the
surface or at an angle.

Incised decoration may also be described in terms of when it is done, as
preslip, postslip, or postfire. Preslip and postslip incising can easily be distin-
guished by whether the lines penetrate the slip or are covered by it. Postfiring
incising may be difficult to discern from dry paste prefire incising (fig. 5.164),
because both cause fine chipping of the clay or slip at the margins of the lines,
creating a ragged appearance; incising wet or leather-hard paste leaves a clean
line, sometimes with a raised margin from displacement of the clay (fig.
5.16b). Balfet, Fauvei-Berthetot, and Monzon (1983, 91, 95) distinguish pre-
firing incising on wet clay (incision) from incising on dry or fired clay, which
they term engraving. )

Variations on the incising technique include gadrooning, combing, and
sgraffito. In gadrooning broad grooves are subsequently modified by modeling
or carving, forming segments that often give round vessels a squash- or
melonlike appearance. Combing is done with an implement that has multiple
points, creating groups of parallel striations. Sgraffito is a technique of incis-
ing through a slip, and the whole is then covered with a glaze and fired; the cut
lines contrast in color with the areas covered by both slip and glaze.

In carving a series of cuts remove clay from the vessel to create a design.
Different kinds of carving are distinguished by the amount of clay eliminated
and how it is removed. Simple carving is the cutting or gouging out areas of
clay, usually wet or leather-hard, to create a decorative pattern. Planorelief
carving, champlevé, and excising, on the other hand, refer to cutting but clay
as the background for a design, which then stands in low relief. The surface—-
often slipped—-is typically cut or scraped away when the clay is dry or even
after firing (fig. 5.16¢). Of the three, excision is sometimes distinguished as
involving only shallow scraping. Flat carving and modeled carving are usually
executed in a leather-hard state, with the clay being deeply cut away, and then
the design is further embellished by fine incising or modeling (or both) of the
raised portions. Much of the carved black-and-red pottery of the Pueblo In-
dians in the American Southwest is of this type (e.g., LeFree 1975, 52--56,
pls. 2--6). Chamfering is slicing away regular sections of the clay wall to
create vertical or horizontal planels, often stepped. Fluting creates one or
imore shallow, broad grooves or channels in the clay, running either around the
piece or vertically (usually as multiple contiguous fiutes). Like gadrooning,
vertical flutes often create melonlike forms (see LeFree 1975, pl. 13).
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Incising and excising: @, postslip  clay was still relatively wet; note the displace-
ne incising, done when the vessel was dry or  ment of the clay along some of the lines, espe-
early dry; note the fine chipping of the edges  cially in the upper left; ¢, postslip (and pos-
f the lines; b, fine incising done while the  sibly postfire} fine incising and excising.

 Perforating and piercing refer to cutting through the entire vessel wall and
emoving portions of the clay, creating a pattern by a series of holes. The clay
s:usvally plastic or leather-hard when this is done. Such containers may

smore decorative than functional, as in the lustrous blackware produced
n Coyotepec, Mexico, for use as dried flower containers and lampshades
Whitaker and Whitaker 1978, figs. 74 and 75).

4.2 ADDITIONS TO THE SURFACE
great variety of techniques may be employed to decorate a vessel by ad-
itions to or over the surface; they include joining formed clay elements to
he vessel and applying treatments that alter its color. Any of them may be
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combined with each other or with the impressing and cutting techniques dis-
cussed above.

5.3.4.2.1 Joins to the Surface. Decorative techniques based on joining in-
clude attaching small appliqués or modeled or molded elements and adding
decorative inlays. Appliqué refers to the application of small, shaped pieces
of clay to the surface of the vessel {e.g., fig. 5.13b), including fillets, pellets,
spikes, flanges, and other attachments. For best results the clay of vessel and
appliqué should be at roughly the same state of wetness, cither leather-hard or
plastic. The surface of the vessel where the appliqué is to rest may be rewet
and roughened, or the appliqué may be joined by luting, in which a smaii
amount of fluid clay slurry or slip is used to promote adhesion.

Instead of these small elements, the appliqués may be large and complex
modeled attachments that are not only ornamental but aiso functional. Vessel
supports (feet or bases) and handles may be elaborately shaped, often in natu-
ral or animal effigy forms, and attached to the vessel. These elements may be
shaped and modeled by hand or formed in molds.

Decotation may also be achieved by inlay, in which small fragments of
some nonceramic material, usually stone, are pressed into the clay to form a
decorative pattern. Some jars made in Portugal, Spain, and Tunisia have in-
lays of small feldspathic rock fragments (see, e.g., Balfet, Fauvet-Berthelot,
and Monzon 1983, 124-25).
5.3.4.2.2 Color Additions: Painting. In a second major category of addi-
tions to a pottery vessel, color is the essential ingredient. There are two major
types of surface coloration: those applied to only a portion of the total area,
and those that coat the entire surface. A third way to alter vessel color is in
firing, and firing variations can be elaborations on the other techniques.

The most common method of coloring the surface is to paint with a colorant
or pigment. Pigment is the inclusive term for the coloring material, while
paint refers to the action of applying a pigment rather than to a specific kind of
material. Pigments may be organic or inorganic and may be applied either
before or after firing the vessel, although organic pigments frequently oxidize
and disappear in firing. The substance generally adheres better if the surface is
dry when it is applied. Decoration painted in two colors is sometimes described
as bichrome; painting with three or more colors is polychrome decoration.

Most pigments used on pottery are mixtures of colorants, fine clay, water,
and a binder. Clays slow the settling of the particles in the mixture and en-
hance the flow and adhesion of the pigment. Painting may be dohe with a
brush made of animal hair or fur, vegetable fibers, or feathers.

Colorants (see sec. 11.1) are chemical elements that contribute color to a
mixture; for unglazed, low-fired pottery, only three colorants that are natu-
rally found in abundance {in oxide form) can survive the temperatures of fir-
ing: iron, manganese, and carbon. A much wider range of metallic elements,
usually commercially manufactured preparations, is used in compounding
glazes to give a broader range of colors.

Organic carbon, occurring in a variety of forms from powdered charcoal to
plant extracts, can produce only a black or gray color and is typically applied
after firing. Nicobar potters, for example, apply strips of unripe coconut
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husks to the sides and rim of fired pots while they are still hot to create black
stripes; the husks are then wiped over the entire interior and exterior surfaces,
imparting a light copper color (Man 1894, 25). A similar technique is re-
ported for the Ibibio of Nigeria (Nicklin 1981b, 177). Organic material may
be used before firing, either as pigment or as a binder mixed with other mate-
rials. Potters in the Nicoya peninsula of Costa Rica add sour orange juice to
their pigment to increase its adhesion to the vessel surfaces (Stone 1950, 272).
To make black pigment, Papago potters in Arizona boil mesquite bark and add
mesquite resin to the solution; this is painted onto the pots after firing, and the
vessels are then reheated briefly (Fontana et al. 1962, 77-78).

An unusual and nontraditional pigment is employed by the Seri of north-
western Mexico, who paint their pottery either before or after firing with com-
mercial laundry bluing (Bowen and Moser 1968, 91).

Several unusual kinds of painted decoration are known. Slip trailing or bar-
botine is the application of a thick mixture of clay and water to the surface of a
vessel, often creating a raised design. Glaze painting, in which painted pig-
ments vitrify into a glass during firing, was known in antiquity in the South-
western United States (Shepard 1942a, 1965; DeAtley 1986) and in the an-
cient Near East (Steinberg and Kamilli 1984).

Certain colorants may be applied to pottery after firing to highlight particu-
lar areas of a design. Among the Gisiga of Cameroons, kaolin is rubbed into
grooved decorations (David and Hennig 1972, 6). Graphite is used tradi-
tionally as a painted pigment by contemporary Phalaborwa potters in South
Africa (van der Merwe and Scully 1971, 194), and in prehistoric times it was
used as a painted pigment or slip in some areas of the New World; also, cin-
nabar (mercuric sulfide) was occasionally rubbed into incised lines, particu-
larly on black-slipped pottery. :

- In resist painting (Shepard 1976, 206—12) a temporary protective coat is
applied over portions of the vessel surface, color is applied to the remainder,
and the protective coating is removed (usually during firing). The background
color is typically black and is often achieved by postfire smudging of the ves-
sel; the protective coating is usually something organic—such as wax—that
will be removed by heat but not distort the underlying color. The decoration is
relatively simple—wavy lines, dots, or irregular blobs—and of a sort that is
easier to paint on {with the coating) than to paint around with a background
~-colorant (see Shepard 1976, fig. 17).
~5.3.4.2.3 Color Additions: Slips and Glazes. Color additions that coat the
-entire vessel surface are described as slips or as glazes, depending on their
- composition and the temperatures at which they fire to maturity.
A slip is a fluid suspension of clay (and/or other materials) in water that is
pplied before firing to form a thin coating. Slips may also be called engobes,
_3-5ut this term tends to be used primarily with reference to high-fired ceramics,
to designate a slip applied under a glaze. Engobes are intended to alter the
olor of the vessels and are usually white; their ingredients are selected to en-
ure low shrinkage and good fit with the vessel body (see Rhodes 1973,
250—54).
Slips are usually a different color than the body of a vessel, and if distinc-
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tively colored they may be applied for that reason alone. White or extremely
light-colored slips may, however, serve a function similar to the engobes of
glazed pottery in providing a smooth, clean surface for subsequent painted
decoration and translucent slipping, as in the case of Classic Maya poly-
chromes (see Rice 1985). If the clays are the same color as the paste, they may
be extremely difficult to distinguish from unslipped, smoothed surfaces with-
out a microscope or hand lens to reveal textural differences.

Slips exhibit considerable variation in color, quality, luster, and thickness,
depending on the type of clay mineral present, the particle-size range, the
kinds and amounts of adsorbed ions, and the degree of dispersion (floccula-
tion vs. deflocculation) of the particles in the suspension (see chap. 2). Of
these, perhaps the most important is the kind of clay mineral present, for all
the others are affected by this. Some of the most distinctive slips in antig-
uity—for example, the slips of Greek figured ware and Roman Samian ware—
have been composed of fine-textured illite clays (see sec. 2.3.4.1.3). There is,
however, no minimum percentage of clay content required to create a slip. In
Santa Apolonia, Guatemala, for instance, cooking pots are covered with a thin
sliplike paste of talc before slipping with a clay fluid (Reina and Hill 1978,
63); a similar sliplike coating of tez (a mixed talc and chlorite mineral) is used
on tortilla griddles in nearby Mixco (Arnold 1978, 341). In these coatings the
talc acts like Teflon to prevent substances from sticking to the surfaces.

Slips may be applied by any of three techniques. Dipping a vessel in the slip
gives uniform coverage, filling all holes, grooves, and irregularities in the sur-
face. The vessel should be slipped in this manner while there is still some
moisture in the body. Pouring is used for vessels too large to be dipped or for
vessels to be slipped only on the interior. Because of rapid absorption of the
moisture in the slip, the pot must be turned smoothly and rapidly during pour-
ing or the slip will be very uneven. Slips may also be wiped onto the surface of
a vessel with a cloth, a pad of grass or animal fur, or the potter’s hands. Wip-
ing frequently gives uneven coverage and may leave fine grooves in the direc-
tion the slip was wiped over the surface. '

Slips may be applied over previous decoration, such as incising, or various
kinds of decoration—painting or incising—may be executed over or through
the slipped surface (fig. 5.16a,c). Some slips have a high natural luster (a
function of the type of clay mineral used), but most are burnished or polished
with a stone to compact and orient the particles and impart a lugter.

In slipping pottery the greatest problems occur in drying anduéring: the slip
and clay body may shrink differentially, so that the slip adheres poorly. For
this reason, slips on low-fired pottery are usually applied to completely dried
wares, often immediately before firing, and carefully burnished for better ad-
hesion. If the slip and body have very different coefficients of expansion, the

slip may craze or flake during or after firing. Some slips may actually be
“tempered”’: whether this is to improve fit (as in some Maya slips; Shepard
1962, 253) or to enhance the cooling propertics of water jars, as suggested by
potters in northwestern Pakistan (Rye and Evans 1976, 53), is not always
clear. In addition, if the slip is fired to too high a temperature, firing shrinkage
may destroy its luster. The uneven compaction of the clay particles in careless
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burnishing occasionally results in slight color differences between burnished
and unburnished areas; this is especially true in areas of fireclouding,

Slips, especially thin slips, may be applied in several coats, as at Santa
Clara Pueblo, New Mexico (LeFree 1975, 40), for better coverage of the
body. Santa Clara potters enhance the bonding qualities of their stip by adding
an organic glue or adhesive: after burnishing the two coats of slip, they coat
the pottery with grease, allow it to penetrate, then polish the vessels with a
chamois cloth before firing (LeFree 1975, 40—44).

Three additional terms are fairly common in the literature to designate
coatings that are variants of slips. The terms self-slip and floated surface are
sometimes used for finely textured surfaces that appear to be slipped with the
same material that constitutes the clay body. The presence of a distinct slip is
difficult to determine, and in some cases this effect could result simply from
carefully wiping the surfaces with a wet hand, which brings the finest particles
of the paste to the surface and orients them. Finally, a wash usually refers to a
separate postfire coating of the surfaces; this may be a pigment or a lime-
based stucco and may subsequently be painted. The major distinction between
a wash and a slip is that a slip is applied before firing and a wash is applied
after firing.

A glaze is a coating of glass melted in place and thus fused with the surface
- of a vessel (see sec. 4.2.4). Glazes are applied for the same reasons as slips—
to add color or texture and to reduce permeability. They are, however, very
-different from slips because they are high fired and glassy, they make the sur-
face completely impermeable, and they are compositionally complex (see
Rhodes 1973; Lawrence and West 1982).

The primary constituent of glazes is silica; a variety of substances called
fluxes are added to lower the melting point, and metallic oxides are added as
~ colorants (see sec. 11.2.4). The flux may be added as ashes (forming an ash
- glaze, in which potassium and soda are principal fluxing agents), and the
- ashes of wood, grasses, leaves, or other vegetal material (see Leach 1976,
» 159-63) may be components of the glaze. An example is the khar, or sintered
. plant ash, manufactured by Pakistani potters as a glaze constituent (Rye and
- Evans 1976, 180—85). The earliest glazes manufactured in Egypt, China, and
~.the Near East were probably of this alkaline ash type (Rhodes 1973, 82—83).

The ingredients for the glazes used by traditional potters very often come
- from nontraditional sources. In Quetta, Pakistan, for example, the silica for
the glaze comes from glass cuilet, waste products of window-glass cutting or
broken bottles purchased from the bazaar; manganese comes from the crushed
cores of old dry-cell batteries also purchased there (these batteries also con-
tribute aluminum and zinc); and copper is obtained from copper scale, pro-
duced by heating sheet copper to red heat, quenching it in cold water, and then
scraping off the black fire scale (Rye and Evans 1976, 74),
+ Organic materials such as gums or sugars are sometimes added as binders
o toughen glazes for overpainting (as in majolicas) and to protect them against
accidental damage during drying, stacking in storage, or handling while set-
ing the kiln. For example, the manufacturers of Talavera-style pottery in
Puebla, Mexico, add honey to the glaze as a binder (Whitaker and Whitaker
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1978, pl. 3). In Quetta, Pakistan, flour and water are boiled for several hours,
making a thick binder solution to which the glaze ingredients are added (Rye
and Evans 1976, 74).

5.4 Drying and Firing

Drying a formed pottery vessel typically takes several days or even weeks. If a
piece is dried too rapidly or if drying is incomplete, flaws may develop (see
sec. 3.3.3) that can destroy the product, either during the drying itself or later
in firing. For this reason, drying of the vessels is usually carefully monitored.
Firing, too, has great potential for disaster, and potters select their firing times
and materials with care. In Chinautla, passersby.do not look at pottery during
its firing, because of the widespread belief that the “evil eye” will cause an
unsuccessful firing and make pottery turn black (Reina 1966, 272).

5.4.1 Tools and Techniques

Vessels manufactured of relatively coarse pastes can often be piaced in direct
sunlight, where they dry quickly without cracking. Sun-drying is especially
common for quick-drying the surfaces of vessels before burnishing or deco-
rating. For example, a Nasioi potter on the island of Bougainville dries her
pots in the sun for six hours before smoothing, and then for a week more be-

fore firing (Ogan 1970, 88). Some potters in the Philippines dry their vessels

in the sun for only one day after forming (Solheim 1952, 33). Vessels con-
structed of finer and denser pastes or with thicker walls usually must be dried
more carefully and slowly, and they may be placed in the shade for all or part
of the time. Pamunkey (Virginia) potters dry their pots indoors on benches or
shelves in their houses or in the smokehouse for not less than a week (Stern
1951, 26).

The time needed for drying is closely related to weather (sec Arnold 1985,
65—70): in cool or rainy climates or seasons vessels take longer to dry, and
potters in cold climates also risk having frost damage their wares. In such
areas pots may be dried indoors in the workshop, sometimes near the kilns to
benefit from their warmth. In addition to such. environmental ddterminants,
drying time may be highly variable (table 5.2) because of idiosyncratic or
situational factors. For example, vessels may be left to dry as long as neces-
sary for enough to accumulate for a firing.

Where pottery is fired without kilns, pots are often warmed slightly imme-
diately before firing. This both ensures that all moisture is out of the clay be-
fore firing and minimizes thermal stress when the pots are first placed on the
fire. Preheating is thus at least a partial equivalent of the early water-smoking
stage of dehydration in commercial ceramic firing (see chap. 4). It is most
common to find preheating arrangements in cool or damp climates or seasons,
when pottery is often dried indoors. In Chinautla, Guatemala, for example,
pottery to be fired in the late afternoon is brought outside early in the morning
to warm in the sunlight (Reina and Hill 1978, 39). Pamunkey (Virginia) pot-
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Table 5.2 Vessel Drying Customs in Sixty-one Ethrographic Situations

Drying Custom Number of Cases

Time
<1 day-2 days 13
2-5 days 17
Up to | week i4
1-2 weeks 9
2-4 weeks 6
1 month or more 2
Total 61
Location®
In sun 14
Outside (general) 3
Shade or partial shade 10
Inside 16
Total 43

Source: After Amold 1985, table 3.1. .
*Some societies noted two locations of drying, while for others no location was given.

ters start bonfires in their yards and place the pots to be fired near the blaze,
turning them and gradually moving them closer until they are too hot to
handle, when they are lified onto the fire (Stern 1951, 27). One of the most
elaborate warming procedures is used by potters in Santa Apolonia, Guate-
mala, who preheat the vessels in their houses for as much as twelve hours
before firing by placing the pots on a wooden rack suspended four to five feet
above a slow-burning fire (Reina and Hill 1978, 63).
Pottery is fired by two fundamental techniques: with and without a kiln.
Although kilns were widely used throughout the Old World in antiquity, in the
- New World they had a very restricted distribution, primarily in highland and
- Gulf coastal Mexico (Payne 1982; Santley 1982), until the arrival of Euro-

_peans and European technology in the early sixteenth century. Kilns probably
~‘were an carly response to three needs of potters: more control over products,
< higher firing temperatures, and more economical use of fuel.

4.1.1 NonkiLN FIRING
Firing without kilns is called the open firing, bonfire, or clamp method. Fir-
ngs done by this technique are always short and generally achieve relatively
ow temperatures. Although procedures for open firing of pottery vary, they
share certain general characteristics. A bed of fuel (often fairly slow burning)
s prepared on the ground, the pottery to be fired is placed over the fuel, and
more fuel (the same kind that constitutes the original bed or else a faster-
burning kind, such as grass, or a mixture) is placed around and on top of the
pottery. A single pot may be fired this way, or a large arrangement of several
undred carefully placed pots several feet high may constitute the firing (fig.
17). The fuel is ignited, usually begining with the lower layer (fig 5.184q),
additional fuel is added (fig. 5.185), and after a short while the fuel burns
elf out and the firing is over. Pots may be removed almost immediately or
allowed to cool before being taken from the ashes (fig. 5.18c¢).




PoTTERY MANUFACTURE AND Use

Figure 5.17 Potters in Gogunda, Rajasthan,
India, rushing to begin a firing of yarious Sizes
and shapes of cooking pots before the rains
start during the monsoon season. Many of
these firings involve 800 to 1,000 vessels at a
time. Note how fuel is inserted into the mouths

This basic procedure varies from place to place, depending on the nature of

of vessels encircling the base of the open set-
ting. Once the firing has commenced, sawdust
and a layer of ashy earth are placed over the
pots to create & smudged blackware. Pots are
removed from the pile the day after firing.
Photograph by Carol Kramer.

the potting craft and the local resources. In some areas large chunks of fuel,
sherds, metal, or other protective devices such as basins or grates may be ar-
ranged around the vessels to constitute a rudimentary “kiln” (e.g., the patiers
of Santa Clara; LeFree 1975, 58—60). Another kind of protective device—a
sort of cross between a kiln and a saggar—is the mapit éite, a bottomless ves-
sel used by Shipibo-Conibo potters to fire small vessels (DeBoer and Lathrap
1979, 120). The fuel used is highly variable, including wood, cattle or sheep
dung, batk, brush, branches {sometimes pruned from cultivated trees), char-
coal, coal, palm fronds, straw, bamboo, coconut husks, and agricultural by-
products (corncobs or cornstalks, sugarcane) are among the common materi-
als used to fire pots. The duration of firing is also highly variable. Although
clamp firings usually last only a few hours, they sometimes take up to eight
hours, as among the Pamunkey of Virginia (Stern 1951). On the other hand,
they may last only fifteen to twenty minutes, as in some parts of Nigeria

(Nicklin 1981a, 348) and Cameroons

(David and Hennig 1972, 6), the South-
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Figure 5.18 A bonfire firing of water jars in
" the courtyard of potters in Chinautla, Guate-
mala: a, Pots are placed over a layer of pine
- batk and dung, which has been ignited with a
- few coals. b, When the pots begin to turn
black, the pile is covered with straw, which
burns very rapidly (the firewood to the left is

for cooking, not for firing pottery). ¢, The
thick layer of ash after firing is gingerly poked
away soon after firing, and pots are exposed to
the air while still hot (at the time this photo-
graph was taken, there was still a dull red glow
o be seen in the center of the pile of pots
and ash).

western United States (Shepard 1976, table 3), and the Philippines (Scheans

1971, 45; Longacre 1981, 60).

~The disadvantages of this type of short, open firing are many. The major
one is that the pots are not completely protected either from contact with the
fuel or from drafts. For this reason, open firings are almost never used for
glazed ware (but cf. Reina and Hill 1978, 86, for an example from Guate-
mala). Not only are the fired pots usually marked by fireclouds, but the rapid
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temperature changes (as well as shifts in the position of*the fuel as it burns)
can easily crack, dent, or over- or underfire the vessels. In addition, although
the maximum firing temperatures are sometimes fairly high, soaking times
are nonexistent or extremely short, the heat is generally very uneven, and
much heat is lost to the atmosphere through radiation and convection.

Despite these difficulties, open firing is a satisfactory economic solution
for nonindustrial potters, and for millennia the technique has provided a
means of producing useful low-fired unglazed wares for cooking and storage.
The short firing is possible because the clays are often rather coarse textured
and thus less subject to thermal shock. In addition, preheating the pots de-
creases the risk of thermal shock from the characteristicaily rapid temperature
increase. If pots are not preheated before firing, the same effect may be cre-
ated by lighting the upper layer of fuel first; because most of the heat is dissi-
pated to the atmosphere, the heat that does reach the pots effectively preheats
them. Generally, the slow-burning fuel underneath the pottery provides most
of the heat for cooking the pots; the quicker-burning fuel around the sides and
top also fires them, and it creates a covering blanket of ash that holds in the
heat from below and protects the hot pots from the wind. The method is com-
paratively cheap and does not require the heavy capital investment needed to
construct and maintain a kiln.

Windy conditions are a serious problem in firing pottery by the bonfire
method, and potters may schedule their firings for times of the day when the
wind is calmest, such as in the early morning or late afternoon. A gust of
wind can cause the temperature to drop as much as 246°C (S00°F; Reina and
Hilt 1978, 24). Strong winds can also damage kiln firings, however; a typhoon
in Japan ruined several kiln loads there (Leach 1976, 195). Humidity and rain-
fall are also crucial factors, and many part-time potters practice their craft
only in the dry season to avoid the difficulties rain causes in drying and firing
their pots. A variety of signs may be used to predict rainfall or success in
firing during the rainy season. Potters in Chinautla look at the position of the
moon or the behavior of vultures: if voltures “make a blowing noise while
flying by, it is a sign that there will be rain, which prevents the firing of the
pottery: but if they whistle, the weather will be favorable for firing™ (Reina
1966, 92). Many potters recognize that firing losses (see sec. 6.1.3) in the
rainy season are generally much higher than in the dry season. Normai damp-
ness of the soil may be compensated for by preheating the firing area to d:;?it
or by placing a layer of sand over the ground before laying the bed of fuel.

The heavy smoke that results from firing pots, either in open fires or in
kilns, is frequently a problem (Lynch 1979, 5), and partly for this reason pot-
ters’ quarters, workshops, or firing areas may be on the outskirts of populated
areas or downwind according to the prevailing winds.

Temperatures attained by open firings generally range between 600 and
850°C, but there is considerable variation. Although Cardew (1969, 11) claims
that a minumum temperature of 550°C must be attained to make serviceable
pottery, because of the chemical and physical constraints of clay structures
(see chap. 4) it is doubtful that such an absclute minimum temperaiure can
reliably be specified. The most striking characteristic of open firings is the
extremely rapid rise in temperature. Temperatures of 900°C or higher are not
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Figure 5.19 The rapid schedules of three Pueblo firings
of smudged ware: a, b, adding dung and juniper chips; ¢,
smothering the fire with powdered manure; d, removing
protective sheets of tin; ¢, bonfire heap covered with ashes
for additional smudging. After Shepard 1976, fig. 6.
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uncommon and can be reached within twenty minutes in the American South-
west (fig. 5.19; Shepard 1976, fig. 5 and table 3; see also Colton 1951) and
Nigeria (Nicklin 1981a, 352, fig. 32:2). Maximum temperatures are usually
attained at or just after the fuel covering the pile of pots has been consumed,
following this the temperature declines, rapidly at first and then more slowly.
Measured temperatures of open firings may vary with the measurement tech-
niques used, and relatively few ethnographic pyrometric studies have been
done at ali. The measurements may be based on optical pyrometers, pyro-
metric congs, or thermoelectric pyrometers (thermocouples) (see Nicklin
1981a).
The maximum temperature attained, the time necessary to reach it, and the
duration of high-temperature burning are all functions of the kinds of fuel
used and its size, quantity, and position in the firing (see Shepard 1976,
77-91). Hardwoods burn hotter and longer than softwoods and generally with
the preferred cleaner flame, though the resins in pine can contribute to high
temperatures. Temperatures of 900°C or more have been attained in open fir-
ings with dung, coal, and juniper wood in the American Southwest (Shepard
1976, fig. 4) and with palm fronds in Nigeria (Nicklin 1981a, 352).
The rate of combustion is affected by the ratio of the surface area to the
weight of the fuel, because this determines the availability of oxygen. Slow
combustion occurs with large pieces of fuel, such as logs, while rapid com-
bustion occurs with finer matter such as wood chips, shavings, or grass. For
-this reason the slow-burning fuel is usually placed under the stack of vessels;
quick-burning fuel, such as grass, placed around the sides will fire rapidly
because of the abundant surface area available to oxygen, and it deposits an
insulating layer of ash over the vessels that helps retard convective heat loss,
‘Dung cakes placed on top of the pots will also enhance the heat-enclosing
kilnlike effect. There is some variability in the rate of burning of dung—
:-"_Shepard (1976, 77) considers it to be fast burning, while potters in Pakistan

tegard it as slow burning (Rye and Evans 1976, 165)—and this doubtless var-
'-_ies from species to species (see Winterhalder, Larsen, and Thomas 1974 for a
:discussion of dung as fuel for cooking fires).

Potters usually use color—either the color of the fired clay or the glow of
the hot pots (e.g., red heat is visible in daylight at 550—625°C)—to determine

T 1
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when the firing is complete, and they often allow the pots little time to cool
after maximum temperature has been attained. Indeed, pots are frequently un-
covered or removed from the hot coals at measured temperatures above 600°C
(Shepard 1976, 85; Nickiin 1981a, 356). This enhances color development
and may, if temperatures arc sufficiently high, help oxidize firecionds. An im-
portant point in pyrometric studies of bonfire firings is whether, given the ex-
tremely short firing times, the measured temperatures are actually attained by
the vessels themselves (which exhibit a thermal gradient within the walls) or
whether they are simply the temperatures within the bonfire surrounding the
pots {sec Nicklin 1981a).

An interesting variant of open firings is smudging, where the pottery is
blackened, usually at the completion of the firing, by covering the pile of pots
with fine material such as powdered manure or sawdust. This material closes
off the supply of oxygen to the ware so that carbon is deposited on the surfaces
and in the pores. In"Santa Clara, the famous polished blackwares are created
by adding manure when the fire has reached its maximum heat, after which
the temperature drops; the pots are left for thirty to ninety minutes before
being removed from the remains of the fire (LeFree 1975, 63-65).

5.4.1.2 KiLn FIRING

Higber firing temperatures and more complete heating of the pots are achieved
with kilns, enclosed chambers for containing and channeling combustion in
the firing of ceramic materials. Kilns are constructed of refractory material,
usually brick, which is able to withstand the stresses of continual expansion
and contraction in firing and cooling; kilns may sometimes be partly or en-
tirely of stone, however, as in Peru (fig. 5.20) and Pereuela, Spain (Peacock
1982, 21). Kilns developed fairly rapidly in the Near East, with a double-
chamber vertical downdraft kiln known from the late seventh millennium
(Majidzadeh 1975--77, 217). In China the oldest known kilns at Banpo may
be as early as the middle fifth millennium and are of both vertical and horizon-
tal types (fig. 1.5; Shangraw 1977, 388). Three basic types of kilns can be
identified: pit kilns, updraft kilns, and downdraft kilns (see Rhodes 1968;
Leach 1976, 178—97; Cardew 1969, 170—212; Nelson 1984, 21-24).

Pit kilns may be considered functionally intermediate between open firings
and updraft kilns in that they involve enclosures but the fuel is usually spread
around and between the pots rather than being concentrated in a separate area
(Rye and Evans [1976, 164-66] call this the “mixed firing” technique}. Pit
kilns (fig. 5.21) typically consist of an excavated arca of earth surrounded on
three or four sides by low walls of mud or mud brick (or the wail of the potter’s
house). Fuel is placed below and above the pots in the kiln, and then the as-
sembly is fired in much the same way as are open firings. Because the heat is
partially contained, however, pit kilns may achieve higher temperatures and
sustain them longer than do completely open bonfires (see, e.g., Shepard
1976, fig. 4). In addition, the kiln may be constructed on a slight slope for
better draft, as in bank kilns. Although temperatures may be within the range
required for successful firing of glazed wares, the pots are too close to the fuel
for this, and pit kilns are generally used for nonglazed firings. Most of the
advantages and disadvantages of open firings also hold true for pit kilns.




PoTTERY MANUFACTURING TECHNOLOGY

Figure 5.20 A large round updraft kiln at  three openings for introducing firewood into
* Yahuay, an abandoned winery in the Moquegua  the chamber are not visible in the photograph.
valley of Peru. The lower exterior portion is  Note buttresses left and left center and the
‘reinforced with rounded river stones, while the  cracks near the top of the structure,

‘major construction is of adobe brick. The

Figure 5.21  Open pit kiln (clamp) at Musazi,
Pakistan: a, cross section; b, plan—circle in-
dicates size of large water jar for comparison.
After Rye and Evans 1976, fig. 7.

‘Updraft kilns are simple enclosed firing chambers in which the heat moves
upward from underneath the pots and then is vented outward. These kilns are
uvsually cylindrical for pottery firings (fig. 5.20) but square or rectangular for
firing bricks. Fuel is fed through openings in the side of the kiin or through a
firecbox below and forward of the firing chamber (fig. 5.22). Early updraft
kilns were often bank kilns, dug into the side of a hill or embankment with the
firebox at the lower level, the firing chamber immediately adjacent, and a vent
or chimney leading up and outside. In freestanding updraft kilns a slotted plat-
form may act as the floor of the chamber to allow the flames to penetrate from
the firebox up to the pots. Heat and gases escape through the top of the kiln,
either by a chimney or through an open top with a temporary covering.
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Figure 5.22 A simple open-topped updraft kiln, with
sherds used as a temporary cover.

Figure 5.23 Two versions of saggars (or “setters”) from China. After Medley 1976, 109.

While many types of complex updraft kilns exist, simple ones used by tra-
ditional potters usually have open tops through which the kiln is loaded for
each firing, with the setter often standing on lower tiers of pots to position the
successive layers. The opening may be closed by placing a layer of large
sherds over the vessels to be fired, or a temporary domed roof may be created
by setting bricks in a series of courses angled inward until the top is almost
sealed. Pots are often placed inside protective containers called saggars or
seggars (fig. 5.23), and for glost firings the glazed wares may be carefully
separated by small tripods called stilts or props so that they do not touch each
other and mar the glaze. The maximum temperature these kilns attain is usu-
ally 900 to 1000°C.

Although updraft kilns have numerous advantages over open firings in
terms of containing and sustaining the heat, there are several disadvar};ages.
As in open firings or pit kilns, a considerable amount of heat escapes unused
through the top of the kiin. Also, hot spots or conduits of heat (“chimneys™)
are often created by the placement of vessels in the kiln, so that parts of the
load are overfired and other parts are underfired. In addition, there is danger of
thermal shock to vessels at the bottom of the kiln load, which receive the di-
rect heat of the fire.

Downdraft kilns differ from updraft kilns in the location of the vessels to be
fired relative to the movement of the flames and heat of combustion. Whereas
in updraft kilns the heat moves upward through the kiln load, in downdraft
kilns it is deflécted from direct contact with the pots by a bag-wall and forced
to travel upward in the kiln. It then passes down through the chamber holding
pots and is vented outward through an extertor chimney assembly, which also
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Figure 5.24 Kilns: a, b, large, single- Kkiln (after Medley 1976, 148, and Nelson
chamber climbing bank kiln similar fo those 1984, fig. 25); 4, plan of ruins of Old Karatsu
used at Jingdezhen (a, after Nelson 1984, fig.  multichamber climbing kiln, dating to the six-
2M; b, after Leach 1976, 183); ¢, Longguan  teenth to seventeenth century (after Mikami
(Lung-chu’an, China) multichamber climbing 1979, fig. 166). F indicates firebox.

provides most of the draft. The advantages of downdraft kilns are many. A
major feature is that more of the heat of combustion is used because the down-
ward draft through the kiln counters convective heat loss. Also, the downward
currents discourage *““‘chimneys” of intense heating within the kiln.

Tunnel, bank, or climbing kilns, which are used in many parts of the Far
East including Japan, Korea, and China, may operate on updraft or downdraft
principles. Climbing kilns consist of a long, tunnellike chamber or a series of
linked kiln chambers built on a slope; the gradient provides the draft for com-
~ bustion (fig. 5.24). Firing takes place at the bottom of the slope, with fuel
- supplemented at points along its extent. Exterior openings in the kilns permit

- setting pots, adding fuel and admitting air, and viewing the vessels as they
fire. In multichambered kilns, such as the semicontinuous downdraft kiln, the
heat and flames enter each chamber at its base, are deflected upward, then
circulate down through the pots, out at the rear base, and into the next cham-
ber (see Leach 1976, 186). Exiremely large kilns may have as many as twenty
chambers and take two weeks to fire (Leach 1976, 186).

Kilns represent a major advance toward ensuring success in firing pots, the
‘most dangerous final step of the potter’s enterprise. By protecting the vessels
from drafts and providing a boundary to enclose the heat, these structures per-
mit higher and better-controlled temperatures, control of atmosphere, and
‘more efficient use of fuel. But kilns do not completely remove the element of
“thance from a firing. As Leach (1976, 195-96) describes it,

~ The firing is the climax of the potter’s labour, and in a wood-fired kiln
of any size it is a long and exhausting process. Weeks and months of
work are at stake. Any one of a dozen things may go wrong. Wood
may be damp, flues may get choked, bungs of saggars fail, shelves
give way and alter the draughts, packing may have been too greedily
close, or for sheer exhaustion, one may have snatched an hour’s
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sleep, handing over control to someone else and thereby altering the
shythm of the stoking. At white heat things begin to move, to warp
and to bend, the roar of combustion takes on a deeper note—the
heavy domes crack and tongues of white flame dart out here and
there, the four-minute stokes fill the kiln shed with bursts. of dense
biack smoke and fire. . . . a big kiln firing has the aspect of a battle-
field where men test themselves to the utmost against odds.

Thus despite the security they provide, kilns are not without their problems.
They represent a substantial capital investment for potters, one that needs con-
stant maintenance and repair. Kilns and their components constantly expand
and shrink with firing and cooling, and under these stresses they may develop
cracks or flaws that can be lethal to a load of pottery. They must be very care-
fully designed to make maximum use of prevailing winds, available heat,
draft, and space for setting pots to ensure even heating. Even so, kilns experi-
ence pronounced thermial gradients from top to bottom and center to sides that
will affect the firing of the pots. The rhythm of stoking the kiln during firing
also changes the atmosphere, from oxidizing just before stoking to reducing
just after fuel is added (Rye and Evans 1976, 167). Experienced kiln setters
and stokers understand these variations and carefuily load the chamber keep-
ing them in mind. Indeed, at large pottery factories, such as in the Chinese
porcelain industry, setting and firing the kilns were carried out by specialists,
apart from the process of creating the vessels.

The use of fuel in kilns is not as efficient as might be expected. A large
proportion of the energy produced is used just to heat the kiln structure itself;
small kilns have a particularly unfavorable ratio of heat distribution with re-
spect to pots versus structure, but even in large kilns it has been estimated that
30% to 40% of the heat is lost {Cardew 1969, 182) through radiation, convec-
tion, and conduction. The situation is far more serious for open firings. It has
been estimated that in open cooking fires only 10% of the energy potential of
wood is actually used (National Academy of Sciences 1980, 28); doubtless a
comparable figure obtains for bonfire pottery firings, and this is improved
only slightly by the ash layer insulation.

These figures are of no little concern, because fuel is the most expensive of
potters’ raw materials (see sec. 6.1.3.2) and, next to labor, represents their
greatest expenditure. But firewood is becoming increasingly scarce, driving
up its price and forcing either a search for fuel alternatives, changed firing
strategies, relocation of manufacturing areas, or abandonment of potting as
an economic pursuit. The shortage of firewood in highland Mexico, for ex-
ample, has resulted in a variety of solutions: potters in Acatlin, Puebla, use
lower-quality fuel such as cactus and automobile tires to fire their wares
(Lackey 1981, 59--60); some potters in Chamula, Chiapas, buy tracts of
woodland for a réliable fuel supply or have abandoned their craft altogether
(Howry 1976); in Los Pueblos, Michoacén, potters fire with sawdust or tires
or drive as much as eighty kilometers to obtain wood (Papousek 1981, 8485,
114). Elsewhere the situation is much the same; in Bombay, for example, pot-
ters fire with lint from a cotton factory (Lynch 1979, 8). The firewood short-
age is not solely a modern problem, however. In the ancient Near East pofiti-
cal and social unrest may have contributed to a shortage of fuel early in the
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first millennium A.D., leading to reduced firing temperature of pottery at Se-
leucia (Matson 1971, 74). And in China the staggering rate of consumption
inevitably gave rise to a scarcity of firewood around Jingdezhen, forcing por-
celain manufacturers to go three-hundred miles for wood by the eighteenth
century (Stachelin 1965, 38).

5.4.1.3 POSTFIRING TREATMENTS

A variety of postfiring treatments are applied to pottery, either to improve ap-
pearance, scal surfaces to decrease permeability, or perhaps to increase
strength. In Papua New Guinea, for example, Azera pots may be treated by a
procedure similar to docking (although it is not clear if the paste contains cal-
cite): river water is poured into pots hot from the fire and stirred until it evapo-
rates (May and Tuckson 1982, 138).

Most commonly, these postfiring treatments involve applying a variety of
organic materials to the pot while it is still hot (table 5.3; Arnold 1985, 140).
In West Africa, potters boil the pods of the locust tree in water and then splash
this liquid on pots while they are still red hot from firing to coat the surface
and close the pores; coal tar is sometimes used for the same purpose (Cardew
1985, 37). Ibibio potters of Nigeria treat water pots with resin from the
avocado pear tree to give a ‘“superficially glaze-like appearance™ (Nicklin

“1981b, 177).

The use of tree resins is widespread. The Shipibo-Conibo of eastern Peru
apply two resins to their pottery, one for “lending a glaze-like slip to white-
slipped surfaces™ and the other to waterproof the interior of vessels that will
contain liquids (DeBoer and Lathrap 1979, 115). Resinous coatings are also
applied by potters in the Philippines (Foster 1956; Longacre 1981, 60) and
Ethiopia (Messing 1957).

Food substances are also commonly applied to pots after firing and before
use. In Ethiopia milk may be poured into new pots and swirled around until
they cool (Messing 1957); presumably the scalded milk seals the interior sur-

face. Potters of Santa Apolonia, Guatemala, coat their slipped pots after firing
with agua de masa, the liquid left after soaking corn in limewater to make

Table 5.3 Postfire Coatings and Treatments for Pottery

Substance

Location or Group

Milk

Coconut milk

Agua de masa {limewater)
Manioc juice

Pawpaws, yams, bananas, boiled
Sago flour and hot water
Banana or passien-vine leaves, rabbed on
Locust-tree beans, boiled
Beeswax

Mangrove bark, boiled

Resin, avocado pear tree

Resins, varions

Ethiopia

Philippines, Panaeati Island

Santa Apolonia, Guatemala

Caribs, Brazil

Papua New Guinea

Papua New Guinea

Papua New Guinea -

West Africa

Sarayacu Quichua, Ecuador

Papua New Guinea

Ibibio, Nigeria

Philippines, Ethiopia, Papua New
Guinea, Shipibo-Conibo {Peru),
Sarayacu Quichua (Ecuador)

Source: For references, see text and Arnold 1985, 140.
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tortillas; the residoe left on the pots is rubbed to a high polish (Reina and Hill
1978, 63). In Papua New Guinea a variety of things may be done to new pots
{May and Tuckson 1982, 49, 139, 174): they may be sealed by boiling paw-
paws, yams, or ripe cooking bananas in them, by splashing on a solution of
sago flour and hot water, by rubbing their surfaces with banana leaves or
passion-vine leaves, or by coating them with a milky tree resin also used to
caulk boats; traditionally a new cooking pot must be covered with the blood of
a pig before it can be used.

5.4.2 Ethnographic Examples

One of the simplest procedures of open or bonfire firing is practiced by the
Hopi Indians of Arizona (Colton 1951, 73--74):

To fire pottery the Hopi women . . . first build a fire of juniper chips
to dry out the ground. This is to be sure that moisture will not con-
dense on her pots to be absorbed by the clay and cause breakage.
Around this fire the potter will place her batch of pots which may
number from one to twenty-four, depending on their size. They are
warmed and the last trace of water removed from the clay. Later
when the fire has burned down, the potter will cover the ground with
blocks of sheep dung and these, in turn, covered by sandstone frag-
ments the size of a fist, thus building a platform. ,

On the platform the Hopi potter will build a mound of pots a foot
or more high and about a foot and a half in diameter. This mound she
covers with large sherds for protection from contact with the fuel.
Over the sherds she builds a kiln [sic] of dry sheep dung from some
corral—chunks about six inches across—with which she completely
covers the mound. Sometimes she sprinkles a little coal on the dung
to increase the temperature.

The dung covering the pottery catches fire from the remains of the
preliminary wood fire, smoking violently until the whole mass bursts
into flame. For about an hour it burns furiously, but dying down
gradually leaves a mass of tough gray ashes covering the pottery. A
Hopi potter does not remove her pots until four or more hours after
the fire starts. In fact she usually does not remove them from the kiln
until they are cool enough to handle easily.

In Guinhilaran, Philippines, firing is also by the open or bonfire method,
but many more pots may be fired at a time. In one firing that was described,
there were over three hundred pots in the pile (Scheans 1977, 19-20):

The firing piles themselves are composed of lines of supporting
rocks or broken flower pots averaging 1’ in height and almost any
combustible material that is, ideally, both cheap and available. The
largest set of support rocks that we measured covered an area of 3 by
8 meters. It had five rows of rocks across its narrow. dimension.
Wood is presently favored as the material to be laid across the sup-
ports to build the floor of the pile. . . . After the floor is built the
pottery is laid in on its side and the firing can begin,

[After placing the pots on the prepared floor] the pile was then lit
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by pushing burning sugar cane leaves and cogon [a type of grass]
between the supports at the upwind end. This was repeated the length
of the pile. Then cogon was heaped on the pile starting at the upwind
end. After this was completed, the two men doing the firing stood by
and tended the fire by adding more cogon and moving bunches of it
around to insure even heating. After fifty minutes, one fiower-pot
was pulled and judged to be completely fired. Shortly after, small
holes were poked into the bottom of the pile to increase its draft. By
this time the floor of the pile had burned through and the pile had
slumped. . . . After one and one-half hours the base of the pile was a
mass of brightly glowing embers but no attempt was made to take
pieces out. Guinhilaran potters prefer to leave the pile to cool over-
night and to remove their wares the next morning.

Potters in Kharmathu, Pakistan, fire with an elaboratély set pit kiln placed
on a slope at the far edge of their village. The slope gives the kiln a strong
updraft (Rye and Evans 1976, 41}):

The width of the pit across the hillside is 3.7 m and the length of the
pit from front to back up the hillside is 4.6 m. The perimeter of
the pit has been built up with earth to provide a low wall (banna).
The maximum depth of the pit from the level of the top of the walls
to the lowest floor level is approximately 1 m. . . . The narrow end
of the pit (durrd, “firemouth”) is filled with rounded pieces of rock
about 15 cm in diameter to provide a passage of air to the front of the
setting. . . .

After sweeping off the floor of the kiln, the next stage of setting is
to place a layer of straw (from the mustard seed plant . . .) on the
floor of the pit. Twigs from an unidentified scrub bush, which grows
wild around Kharmathu, are mixed with the straw. . . . This base
layer of twigs and straw is trampled down to a final thickness of
about 25 em. The next layer consists of mixed wood (lakri) scraps
... from 510 c¢m diameter and about 1 m long. . . . Dung cakes
(gohd) are packed between the rows of wood.

The vessels are then placed on top of these two base layers of fuel.
Larger pots are set at the bottom and smaller vessels between, or on
top of the larger, with all vessels set upside down. When all the ves-
sels are placed in position, a layer of what straw (ndr) about 15 cm
thick is spread over the pots. . . .

Broken pieces of dung (pah) are then used to form another layer
over the straw. The layer of dung pieces is only about 8 to 10 cm
thick. This completes the setting: the final setting is approximately
level with the top of the perimeter walls of the pit kiln.

The potters start the firing . . . by lighting a small fire of twigs at
“the front or firemouth end of the kiln. The fuel is consumed in 8—10
hours depending on climatic conditions and the fired vessels can be
removed every 24 hours after the firing commences.

© At Vounaria, Greece, potters use simple cylindrical updraft kilns with a
- conical vaulted roof and fire about once a week during their working season
¢ from April to October (Matson 1972, 218-20):

The potters are skilled in loading their Kilns so that they effectively
use the space, so that there is little damage from the simultaneous
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firing of unglazed and glazed ware, and so that the flames and hot
gases of combustion can flow freely around the kiln load in ways that
will result in quite a uniform heat distribution. . . . Water jars
(vikes) are first placed in the kiln to a depth of about 0.6 m. Above
them are stamnes [amphoralike jars] which, if this is their second fir-
ing, have glazed interiors and a glazed exterior shoulder and rim
zone. Vikes are again used to top the load. Thus the glazed ware is to
some degree protected from the direct impingement of the flames,
and may possibly be exposed to a slightly lower firing tempera-
ture. . . . The ware is usually stacked in the kiln upside down to pre-
vent ash accumuiation in the vessels and, for the glazed ware, to
maintain a thick glaze on and near the rim as well. Roof tiles are used
as dividers and supports in loading the kiln, as also are large sherds
from broken pieces. A kiln load of medium-sized and small vessels
consists of about 700 pieces. . . .

The firing begins very slowly, which is normal good ceramic prac-
tice. Throughout the 7— 10 hours of the operation, fuel is added con-
stantly in short pieces. . . . The fuel used at Vounaria varies according
to what is available and how much it costs. The generally preferred
fuel is verga, prunings from the vineyards, for the vine clippings
burn well and do not build up a bulky mass of glowing slow-burning
charcoal. . . .

The end of the firing is determined in Vounaria by the kiln color of
the pottery in the bisque firing, or by the quality of the glaze in the
glost firing. Often glazed and unglazed ware are fired together. When
the incandescent pottery looks “white” in the kiln, the proper tem-
perature has been reached and the firing is finished. Judging from
Jaboratory experiments, this will be at about 900° plus or minus
50°. . . . The kiln is then allowed to cool from two to four days,
depending upon its size, the exterior temperature, and the imme-
diate need for the fired ware to supply a trucker who has come to pur-
chase it.
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Pottery Economics: Perspectives
on Production and Distribution

Although ethnography provides abundant information on the wide range of
techniques used in pot manufacture, the same is not true of its organization.
Pottery production—the socioeconomic arrangements involved in practicing
the craft as opposed to the mechanics of building a pot—has not been com-
prehensively addressed. This is unfortunate, because without a broad set of
comparative data concerning how, where, or by whom pottery is produced,
distributed, and used, archaeological reconstructions of these patterns are on
shaky ground.

This chapter addresses the production and distribution of pottery from an
organizational and economic viewpoint; functional and stylistic perspectives
are taken up in succeeding chapters. The emphasis is on the range of produc-
tion and distribution arrangements, their interrelation, and the relevance of
these data for reconstructing such behavior in prehistory.

6.1 Anthropology and Commodity Production )

Questions about pottery production are at the forefront of much archaeologi-
cal research into ceramic materials, but unlike many other areas of pottery
studies, there is very little theoretical work on contemporary pottery produc-
tion that archaeologists can draw upon in interpreting their data, Ethnog-
raphers have devoted a great deal of attention to manufacture: the techniques
or procedures of making pottery, including collection of resources, the build-
ing, decorating, and firing of clay objects, and the associated tools (chap. 5).
But manufacture is only one aspect of the economics of pottery. As an eco-
nomic activity, pottery production is woven into the fabric of the broader so-
cial and political context within which manufacturing decisions are made and
is closely tied to patterns of distribution and consumption.
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POTTERY ECONOMICS

For much of prehistory and continuing to the present in many parts of the
world, the production of ceramic objects—traditional household utensils,
roof or floor tiles, bricks, flowerpots, tourist items—exemplified what is
calted cottage or domestic industry (Muller 1984) or simple commodity pro-
duction. Much of it takes place in urban areas (see, e.g., Lynch 1979), but a
greater proportion occurs in rural locations that are tied to larger urban or
regional political economies.

6.1.1 Economic Anthropological Literature

Little attention has been given to rural nonagricuitural commodity production
in the economic anthropology literature (cf. Cook 1984), and thus there is a
dearth of models for archaeologists trying to understand prehistoric pottery
production. Most of the formulations by which archaeologists have attempted
to characterize pottery (and other craft) production arrangements since Neo-
lithic times are legacies of European economic histories, which have had at
least three important consequences for economic archacological studies.

- One is that most quasi-evolutionary schemes in economic archacology
posit a direct progression from individual household production for “own
use” through workshops to factory organization, with special variants in par-
ticular situations, such as medieval guilds. These schemes were borrowed
from economists’ efforts to understand the transformations eccurring during
the Industrial Revolution in Europe and have been extended, often uncriti-
cally, outside their original space/time framework to include prehistoric
contexts.

A second legacy of European economic histories is a focus on the relation
between craft production and agriculture (see also Dow 1985). Most of the
prehistoric societies in which commodity production has received any atten-
tion at all were agrarian, and there has been an implicit and explicit tendency
to emphasize maximization/marginalist concerns in hypotheses about individ-
ual producers’ decision making. This reflects a vision of a relatively simple
inverse relation between agricultural holdings and income or craft output and

- income (Chayanov 1966, 40).

. Third, the literature on economic development, to which archaeologists

might turn for a broader temporal perspective on economics and economic

change, has emphasized agricultural rather than commedity production.

: Where traditional peasant industries have received attention, the emphasis is
-on modernizing them so they can be incorporated into the capitalist—and
- often tourist-oriented—economy (sec. 15.1). The consequence has been to
“Telegate

to an unimportant role the traditional and small-scale industries in
the process of development. Instead, manufacturing development is
essentially seen as a transformation process from traditional to mod-
ern, from rural to urban and from agrarian to industrial. . . . Small-
scale production has been taken to mean inefficient and backward;
large-scale production has become synonymous with the efficient
and modern. Moreover, the consumer is characterized as preferring
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standardized products, while traditional goods are believed to be
inferior and easily replaced by factory goods. (Ho and Huddle
1976, 232) .

These approaches shed little if any light on prehistoric commodity produc-
tion in general or pottery production in particular, and the negative ramifica-
tions are considerable. One problem is that models and concepts of modern
economics may be inappropriately extended to prehistoric situations. Ex-
amples include the perpetuation of a strict rural/urban dichotomy and the un-
critical application of central place theory. Significant questions can be raised
concerning the connection between production in the rural and urban sectors,
and about extending into prehistory today’s economic relationships, which are
predicated on world market systems, rapid communication and transporta-
tion, and tourism.

Another problem is that the development literature, with its emphasis on
modernization, obscures the value and role of traditional craft items and their
labor-intensive productive arrangements in the day-to-day livelihood and
broader ethos of many socicties. In the case of pottery, attempts to modernize
the rural industries have included efforts to make them less labor intensive and
more capital intensive by, for example, introducing the potter’s wheel and
kilns into communities where pottery is traditionally hand built and fired in
open fires (Foster 1962, 143--44). The potters’ refusal to adopt these modern
capital-intensive technologies has sometimes been interpreted as teflecting a
conservative basic personality structure or as backwardness (see sec. 15.2. 1).

6.1.2 Concepts in the Study of Production

The relation between archacological and ethnographic studies of the econom-
ics of pottery has been limited by the lack of common analytical units and
behavioral concepts that can be addressed by both disciplines. Many concepts
or units either are not shared in the analysis of pottery or are virtually un-
measurable archaeologically. These include the taxonomic units or types ar-
chaeologists work with (see sec. 9.1), the idea of craft specialization, and the
concepts of reciprocity, redistribution, and marketing, to name onby a few.

Archaeologists need ethnographic studies of pottery production to provide
a context for understanding the behavior and decisions involved in four as-
pects of the production process in antiquity: scale of production; mode of pro-
duction, variability in products, and, of course-—given the longitudinal per-
spective of archaeology—changes (both long and short term) in any of these.
The scale of production refers to how much pottery was produced and what
kind; production level or scale is obviously closely tied to manufacturing tech-
nology as well as to distribution and use—that is, to the “market” for the
pottery. The mode of production likewise addresses manufacturing technol-
ogy, but it is more specifically oriented toward labor and organizational ar-
rangements, including who is engaged in production (males, females, young,
old, families, clans) and where they work (¢.g., households, workshops); dis-
tributional questions have also been incorporated, for example, in recognition
of the role of middlemen traders or entrepreneurs.
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For archaeologists, perhaps the most important conjoining of mode and
scale of production is in the concept of specialization (sec. 6.2.3). In discuss-
ing pottery production, very often the question addressed is whether the ac-
tivity was an economic or craft specialization—that is, Was it restricted to a
few skilled producers? This issue secks to place pottery production within the
more general process of economic differentiation of complex societies, a pro-
cess that involves—among other things—commoditization, or the production
of goods for exchange and use by others (Hart 1982, 40—41). The existence
of craft specialists is difficult to determine archaeologically, however, and the
criteria by which ethnographers recognize economic specialists are not en-
tirely amenable to archaeological application.

To study pottery production in prehistory one needs to identify and guan-
tify its inputs (labor and resources) and its outputs (the pottery products).
These objectives have been pursued on several levels and by various ap-
proaches, the most common being to identify the techniques used in pottery
manufacture and where it was produced. Understanding the prehistoric socio-
economic organization of production also demands attention to both scale and
mode of production; archaeologists’ efforts have most frequently been di-
rected toward specialization or have at least assumed that specialization
existed. In general, however, the organization of production has not been
heavily investigated archaeologically.

In the absence of satisfactory concepts and “‘middle-range theory” span-
ning the gap between economic anthropology theory and the empirical reali-
ties of the archaeological data base, archaeologists have pursued production
arrangements indirectly. That is, they have not looked at the quantitative labor
and resource inputs but have instead examined the patterns of variability
within the output—the ceramic products themselves. For example, quan-
titative variation in a qualitative attribute, style, has provided the basis for
some interpretations of mode of production in prehistory (see chap. 8), while

amounts of pottery produced and its quantifiable attributes have been used to

infer both scale and mode.
These investigations of variability have been undertaken as a means of
understanding the scale and mode of production and thereby the existence of

economic specialization within a prehistoric society. I is unfortunate that eth-

noarchaeologists have obtained little or no comparable data on ceramic vari-

-ability, other than stylistic, against which archaeological observations could

be measured. Until such data are gathered, the finer points of full-time versus
part-time specialization and degree of centralized control of production are

‘likely to be unanswered, and the whole subject of scale and mode of pottery
:production will have to be treated in very general and simplistic terms. On the

other hand, it is difficult to evaluate whether the lack of attention to such
matters in the ethnographic literature reflects overall inattention to variables

of commodity production in general or indicates that these matters are ideal-
“ized constructs with little empirical reality.

The focus on output, that is, on the pottery products, is partly a conse-

-quence of the lack of middle-range theoretical constructs that would allow di-
“rect testing of economic theory. It also refiects the lack of abundant evidence

or clearly defined workshops and capital investment in manufacturing tech-

‘nology in many parts of the world throughout much of prehistory. Given these
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inadequacies, closer scrutiny of the ceramic products is a pragmatic—if
somewhat unsatisfactory—solution providing an alternative to a dubious de-
ductive strategy grounded in negative evidence. Attention to the pottery prod-
ucts encourages, in areas where these restrictions hold, using behavioral in-
formation encoded in the pottery to draw inferences about production. A
major difficuity with this approach is that equivalent attention to coded eco-
nomic (as opposed to stylistic, e.g.) behavior has not been evident in ethno-
graphic and ethnoarchaeological studies, thus precluding any insightful inter-
change of ideas and conclusions. ‘

6.1.3 Ethnographic Overview: A Focus on Firing

In any study of the economics of pottery making, the overwhelming conclu-
sion to be drawn is that traditional potters in all parts of the world are at or
near the bottom of the socioeconomic scale (see Foster 1965b; also Hodges
1974, 35; Nicholson and Patterson 1985a, 59). Only in a few areas are potters
and their work held in any appreciable local esteem, and that is usually where
skilled women potters contribute the major household income or earn signifi-
cantly extra (see Stone 1950, 278; Crossland and Posnansky 1978, 82; Reina
and Hill 1978, 21) or where individuals produce for a tourist market and are
considered artists (e.g., Lackey 1981, 38). Most traditional potters seem to
live in a precarious economic state, their expenditures equaling or exceeding
income, with limited opportunity to amass any extra income and improve
their life-style. This situation is made even more tenuous by the overall de-
clining market for traditional pottery (cf. Stone 1950, 278) as the utensils
produced by potters are rapidly being replaced by more durable metals and
plastics (see chap. 15). Where potters labor in workshops run by entrepre-
neurs, the economic situation is often worse: in the Liloan factories in the
Philippines, the drop in prices and the reduced market resulted in a dramatic
decline in the potters’ income, but that of the entrepreneur stayed essentially
the same (Scheans 1977, 65).

Seeing more promise of education and financial success in other activities,
especially in the cities, younger generations are not entering pottery making
(Lackey 1981, 126; Nicholson and Patterson 1985b, 236—37). Because chil-
dren often are an important source of labor as well as heirs to the family bugi-
ness, in many cases this means that the craft is gradually disappearing. When
potters themselves strive for some degree of upward mobility, this often
means becoming a dealer rather than a manufacturer of pottery (see Papousek
1981; Scheans 1977, 21-22). As David and Hennig (1972, 25) comment
about the Fulani, “the hallmark of a successful potter is to have stopped
potting.” .

Initially it might seem that pottery making has the potential for being, if not
lucrative, at least minimally secure. The raw materials for making pots are
often obtainable at no cost, and potters may make many of their own manu-
facturing tools, such as paddles, anvils, bricks for kilns, and so forth. Also, in
many traditional communities pottery objects are still household necessities.
But the utensils themselves are given low monetary (or exchange) value, and
the time that goes into their creation—apart from the cost of the raw materi-
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als—is not adequately compensated. Two additional factors are probably re-
sponsible for much of the low economic return: the high loss rate in firing and
the high cost of fuel.

6.1.3.1 FiRING LOSS RATES
Firing is the climactic step in pottery manufacture, and it is a crucial one,
because if it is not done properly, or if the wind and rain do not cooperate, the
vessels being fired may be lost (see sec. 5.4). The loss may be only one pot or
it may be several hundred, and it can represent the work of anywhere from
several days to several months, depending on the frequency and volume of
firing. A cross-cultural look at firing loss rates is instructive (table 6.1) and
suggests that high rates of loss are not atypical, regardiess of the firing tech-
nigue. Open or bonfire firings seem to be the most variable, with loss rates
ranging from zero to 100% among Hopi potters in the Southwestern United
States (Colton 1951, 75). The estimated loss in pit kilns averages between
25% and 50% in Pakistan (Rye and Evans 1976, 36, 41, 54, 62), and this rate
is commonly higher in the rainy season. -

It might be expected from these data that large piles of wasters would be
abundant at prehistoric sites, but this is not always the case, because potters

Table 6.1 Rates of Firing Loss with Different Kinds of Firings

Type of

Firing

Place

Firing Loss

Reference

Open
Open

Open
Open

Open
“Mixed”

Shallow pit

Shallow pit
Pit kiln
Pit kiln
Updraft
Updraft

Updraft

Slope

Huichol, Mexico

Hopi, Southwestern U.S.

Fulani, Africa
Mixco, Guatemala

Chinautla, Guatemala
Pakistan

Diola, Africa

Seri, Mexico
Pakistan

Pakistan

Ticul, Yucatin, Mexico
Tepakan, Campeche, Mexico

Coyotepec, Oaxaca, Mexico

Philippines

25%, 100%*°

0%-100% in firings
of 4-20 pots

13 of 16 pots cracked

10% of comales®

5%-10%
<2%"°

11 of 179 destroyed,
8 kept for dry
storage

10%®°

up to 50%

25% of 400; 50% not
uncommon®

12%

20%

20%

18 of 148 jars

Weigand 1969, 43
Colton 1951, 75

David and Hennig
1972, 24

Reina and Hill
1978, 44

Reina 1966, 55

Rye and Evans
1976, 60

Linares de Sapir
1969, 7

Bowen and Moser
1968, 115

Rye and Evans
1976, 62

Rye and Evans
1976, 41

Stark 1985, 174 (cit-
ing Hurd 1976)

Stark 1985, 174 (cit-
ing Hurd 1976)

Van de Velde and
Van de Velde
1939, 34

Scheans 1977, 64

Note: Rates are usually higher in the rainy scason.
*Firing loss occasionally viewed as witcheraft or punishment. Only two observations.
*Figute is an estimate.
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diligently repair or recycle their materials. Vessels that show only miror
cracking from firing will usually be repaired, often by covering over the crack
with clay or other pasty material to scal it. Among the Diola of Senegal,
cracked pots that cannot be used for holding liguids are kept for dry storage,
and those damaged beyond repair are crushed for sherd temper (Linares de
Sapir 1969, 7). In general, the adage “Use it up, wear it out, make it do, ordo
without” describes well how potters recycle their firing accidents, as detailed
in this vignette on Afghan potiers (Rye and Evans 1976, 122-23, translated
from Demont and Centlivres 1967, 57):

Pieces damaged during firing are sold “as is” if not too badly de-
formed, or repaired with a sort of cement. The potter himself uses
broken pieces to close the mouth of the kiln. In some cases he
crushes sherds to add to the clay as temper. In his workshop, dam-
aged pieces or the bottoms of jars serve as receptacles for slip and
other materials. Waste clay removed during vessel manufacture is put
in the bottom of a broken bowl or base of a jug, which then is nsed as
a mold. Other fragments are used as scrapers or polishers. In gen-
eral, all artisans have fragments of jars or jugs in their workshops for
storing the water they use in their work. . . . During the rainy sea-
son, the garden paths are covered with sherds reduced to the size of
gravel. Gardeners employ jars with broken necks as watering cans.
Fragments of pottery are even used for intimate purposes,

6.1.3.2 FueL Cosrs

Firing loss is all the more serious because fuel is usvally the highest—often
the only——expense incurred in pottery manufacture, and it is consumed in
enormous quantities. The porcelain kilns of Jingdezhen reportedly used 180
loads of firewood at 133 pounds each, and in earlier times 240 loads were
burned, with 20 more consumed in the rainy months (Stachelin 1965, 38),
Potters of the eighteenth- and nineteenth-century Staffordshire kilns used
three tons of coal per ton of clay, while an experimental Romano-British kiln
burned ten units of wood per unit of clay (Peacock 1982, 25). The ratios are
somewhat more favorable for firing in Pakistan, ranging between2:1 and 3:1,
and open pit kilns may actually be more efficient (in terms of fuel consump-
tion, insulation, and air supply) than enclosed kilns (Rye and Evans 1976,
165). Nonetheless, in view of the enormous quantities of fuel consumed in
firing pottery, it is doubtless significant that the earliest technological develop-
ments in pottery making in the Near East, China, and the New World were
kilns—structures designed to contain combustion and conserve heat.

Wood seems to be the preferred fuel for firing, both among modern studio
potters {(Cardew 1969, 171; Leach 1976, 179) and among traditional potters
past and present. Indeed, the well-known porcelain factory at Sévres, France,
still fires with wood (Leach 1976, 179). Wood, however, is an extremely
scarce resource worldwide, and this is especially a problem in underdeveloped
countries in the tropics. In most of these areas wood is still the primary fuel
for cooking and heating; it has been estimated that 1.5 billion people in devel-
oping countries obtain 90% or more of their energy requirements from wood
or wood products (National Academy of Sciences 1980, vii). Unfortunately,
these areas represent the last reserves of many of the world’s hardwood forests,
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but unchecked development and population growth are rapidly decimating
them through lumber exporting, ranching, and farming. In recognition of’
these pressures, there is an increasing need for reforestation with fast-growing
“firewood” crops (National Academy of Sciences 1980).

Fuel is scarce and expensive, and potters must balance these expenditures
against the tremendous but unavoidable risk of losing the vessels and the in-
come they represent in firing accidents. The costs (and losses) can be reduced
if the potter or an assistant collects the fuel rather than purchasing it; this,
however, may reduce production time and thus the potential profits. (The
same relationship of time/cost/profit holds for coliecting versus purchasing
clay; see also Beals 1975, appendixes 10, 11, and 14, for data on time, labor,
and cash alternatives in pottery production in Santa Maria Atzompa, Oaxaca,
Mexico,) Another twist on the fuel problem comes from Westerwald, Ger-
many, where the disappearance of forests plus the environmental damage
caused by the emission of HC1 from the salt-glazing furnaces have required
that potters fire with different fuels and retrofit their kilns with gas-scrubbing
systems. This expensive equipment has forced many potters out of the busi-
ness (Lowenstein 1986, 394).

While problems of increasing costs and decreasing fuel supplies are de-
scribed for many areas, the most detailed ethnographic study of the relation
between fuel costs and pottery production decisions deals with several com-
munities (“Los Pueblos™) in highland Mexico (Papousek 1981, 86-87,
114-15). For example, potters in Santiago can obtain wood for firing from
either of two sources, each with advantages and disadvantages that must be
weighed. Scrap wood from the sawmill at El Oro is closer (25 km away) and
cheaper, but since it is fresh wood it is of lower quality; a three-ton truckload
will supply only enough for 5.2 firings. Furthermore, it is often not available.
Fuel from Ciudad Hidaigo, on the other hand, is dry wood, so a similar quan-
tity (three-ton truckload) supplies enough for 7 firings, but Ciudad Hidalgo is
85 km from Santiago. Table 6.2 shows the detailed costs of various arrange-
ments of bringing firewood for the second (glaze or glost} firing of vessels in
Santiago in 1976. The cost of wood for this firing ranged between 67 and
129 pesos; these figures do not include the costs of the first firing or the glaze
materials themselves. Although the cost of the wood from Ciudad Hidalgo
was determined (by the ethnographer; potters reportedly do not make such
" calculations) to be 15 pesos more per kiln load, potters prefer it because it is
of better quality and there is greater assurance that it will be available.

Earlier, in 1967, comparable costs were 50 pesos for fuel and 5 pesos for
. glaze materials. With the sale of a kiln load of pots at 162.5 pesos, the net
profit per kiln load was 107.5 pesos, and net income was approximately
1012 pesos per week (Papousek 1981, 56—57). Equivalent income figures
for 1976 are not available; the net profit on a kiln load is estimated to be
700-1,200 pesos (Papousek 1981, 123}, but the weekly income of potters,
and a translation of this figure into the inflated pesos of 1976, is not given.

What is clear, however, is that fuel constitutes an increasingly burdensome
portion of the costs of producing pottery in Los Pueblos, resulting in an ever
narrower margin between profit and loss. Potters cope with this uncertainty by
selling pots that are only partially fired or even unfired, a situation that is
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Table 6.2 Comparison of Santiago Prices of Fresh Weod from El Oro with Prices of Dry Wood from Ciudad
Hidalgo, 1976 (in Pesos)

Price per Three-Ton Truckload Price per Kiln Load

In Santiago In Santiago

Origin of In Place Brought by Delivered by In Place Brought by Delivered by
the Wood of Origin Oneself* Others® of Origin Cneself Others®

El Oro
(fresh; enough for
5.2 firings)
Ciudad Hidalgo
(dry; enough for
7 firings) 450 575 900 64 82 129

Source: Papousek 1981, 86.

*Price includes three tons of wood, plus expenses for one helper and for gas (the latter two adding 50 pesos to the cost
of wood from El Oro and 125 pesos to the cost of wood from Ciudad Hidalgo).

*Price includes three tons of wood plus expenses for two helpers and transportation (the latter two adding 300 pesos to
the cost of wood from Ei Oro and 450 pesos to the cost of wood from Ciudad Hidalgo).

highly profitable to the middlemen traders in pottery. Pots that have been
given the first firing but are unglazed can be sold for 50% to 60% more than
unfired pots; those that have been glazed and given a second firing sell for
100% to 200% more than unfired pots (Papousek 1981, 114). Regardless of
the selling price, about one-third of the increases was already spent on fuel (as
well as glaze for the second firing).

Seen in a broader light, the potters’ decisions concerning fuel alternatwes
in Los Pueblos are commonplace: they reflect a need to balance cost, distance,
and quality. It is interesting that in many areas of the world, especially on the
fringes of large urban markets, potters have effected a symbiosis with other
industries, especially agriculture, in order to obtain nontraditional fuels. Thus
not only does agriculture often produce the primary contents of pottery ves-
sels, but its by-products are a major source of raw materials for manufacturing
them. Although dung is probably the agricultural by-product most widely used
for firing, other agricultural and industrial materials include cotton lint in
Bombay (Lynch 1979, 8), pruned olive branches in Spain (Curtis 1962, 496),
wood shavings and sawdust in Los Pueblos, Mexico (Papousek 1981), tires,
cornstalks, and sugarcane in Acatlan, Mexico (Lackey 1981, 59-60), and
vineyard cuttings and the sludge from pressing olives in Greece (Matson
1972, 219).

6.2 Issues in the Study of Pottery Production

Studying the economics of pottery—its production, distribution, and use—
requires attention to where the pottery was produced and how its production
was organized. In studies of ethnographic communities and for much of the
historical period, neither of these questions may pose much difficulty, since a
variety of records attest to the present or past location of pottery manufactur-
ing sites and in some cases to the organization of production as well. In pre-
historic times, however, these issues are not so straightforward: questions
concerning the location of manufacturing sites, the types of wares produced
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there, and the organization of production, while interrelated, pose their own
difficulties for analysis and interpretation. Until production locations are
known, studies of distribution cannot fruitfully proceed.

6.2.1 Location of Production

The location of pottery production has generally been investigated by two
very different approaches. One of these is to note the spatial distributions of
resources, ceramic styles, or artifacts related to ceramic production (table 6.3;
-see also Stark 1985). The second, far more technically sophisticated, is based
on the analytical methods of provenience studies (see chap. 13 and sec. 14.2).

One clue to the sites of prehistoric pottery manufacture is the location of
contemporary potting communities; the premise is that they tend to be rela-
tively near clay resources (see sec. 5.2). Another clue archaeologists use is the
spatial occurrence of ceramic styles. The “criterion of relative abundance”
suggests that the pottery was probably manufactured in the region where it is
most frequently found and was moved out from that location by trade. The
general assumption is that at most sites the bulk of the pottery used was made
locally. This approach, which harks back to early Americanist anthropological
concepts of “culture areas™ and “age-area hypotheses,” is not particularly il-
luminating. Nonetheless, is has formed the basis for many archaeological re-
constructions of economic relationships and chronologies, as well as other
processes such as conquest or the spread of religion that may be indicated by
the areal distribution of horizon styles of pottery and many other categories of
artifacts.

Ethnographic data reveal that the location of pottery-making communities
is governed by a number of factors (see Nicklin 1979, 449-51), of which
proximity to resources and proximity to markets (in the sense of consumers
rather than formal marketplaces) are perhaps the most important. Neither of
these can be given absolute primacy, however. In Pakistan there was no clear
evidence that workshops were established near clays of unusual quality; in
fact, Rye and Evans (1976, 127) concluded that the workshop location may be

Table 6.3 Data Useful for Inferring Locations (Communities, Sites, or Individual Workplaces)
of Ancient Pottery Production

Proximity to high-quality clay resources

Location near modern potting communities

Presence of kilns

Presence of burned soil areas—red soil, ash deposits, thermally altered rock
Presence of kiln farniture—stilts, props, saggars

Presence of firing wasters

Presence of pottery-making tools—wheels, molds, polishing stones, etc.
Stashes of raw materials—clay, temper, mixtures of clay and temper
Quantities of unfired vessels

Quantities of identical vessels (style, shape)

High frequency of locally made vessels

High frequency of different types of vessels

Note: No single one of these criteria is necessary or sufficient to prove production locations, nor
do any of them necessarily indicate anything about the organization of production.
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chosen first and that whatever clays are nearby may be used. Potters’ percep-
tions of the suitability of clays and their utilization in a viable craft may also
be governed more by sociopolitical considerations and trade alliances than by
the reality of the geophysical environment. A more complex and perplexing
situation obtains for the siting of the Roman Samian industries (Peacock
1982, 117-20). Arezzo, the most famous town producing this ware, is
250 km by mountain road from Rome, whereas other manufacturing areas
were closer and were served by coastal transport. Furthermore, the wide dis-
tribution of production sites throughout Gaul suggests that a specific clay was
not crucial to workshop location.

A confounding factor to be taken into account in areas of intensive manu-
facture of pottery over a long period is exhaustion of resources, especially
clays and fuels. Potters in Cologne in Roman times used clay from Frechen,
only 15 km away, but later the mines were exhausted, and now clay is obtained
from up to several hundred kilometers away (Hancock 1984, 210). The manu-
facture of Chinese porcelains is particularly telling (Stachelin 1965, 38): for
centuries porcelain was made from the famous white kaolin clays in Jiangxi
Province, but by the seventeenth century that clay source was exhausted and
potters had to import clay from 60 miles away. A similar situation existed with
fuels: after deforestation of the surrounding hillsides, wood for firing the kilns
had to be brought as much as 300 miles.

There is no simple formula to predict the presence or pinpoint the location
of potting communities merely by the occurrence of high-quality clays, prin-
ciples of least cost aside. Furthermore, identifying the geographical site of
production and locating the geological sources of the clays used in manufac-
ture are two distinct research objectives. Nonetheless, these considerations,
together with other environmental factors relating to craft and agricultural
production (see sec. 10.2.3; Arnold 1975a, 1985) can at the very least provide
a starting point for identifying likely areas for further investigation.

A more precise and useful effort to identify sites of prehistoric manufacture
involves noting the locations of tools and equipment used in making pottery
or concentrations of raw maierials and finished pottery products at a site
{e.g., Kardos et al. 1985). Such data are invaluable, for they provide informa-
tion not only on the locations of manufacture but on the actual techniques, and
they give clues to organization as well. For example, piles of raw clay, paints,
tempering materials, or mixed clay plus temper, the occurrence of turntables,
wheels, molds, burnishing and scraping tools, saggars or other kiln fl?rniture,
and the presence of kilns all are useful and largely unambiguous indications of
past pottery manufacture. The archaeological visibility of potting households
or workshops has been addressed in ethnoarchacological studies in Chiapas,
Mexico (Deal 1983, 97—111) and in Egypt {Nicholson and Patterson 1985a).
Table 6.4 compares how frequently several archaeological indicators of pot-
tery making occur in potting households versus nonpotting households in two
Chiapas communities.

Problems arise about the survival through time of some of these indica-
tors at a site, however. Unconsolidated clays and pigments may erode or be
dispersed during the hundreds or thousands of vears of postoccupational
weathering or reuse of a site. Many of the tools used in finishing pottery are
made of perishable materials (gourd rind, bamboo, cane, leaves) and there-
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Table 6.4 Comparison of Potting and Nonpotting Households in Aguacatenange and
Chanai, Mexico

' fure ) ' ’ Nonpotting
ctur Potting Households Houscholds
Htery :

¢ site : Number of households with stored clay 25 (78%) of 32 0
: Number of houscholds with stored temper 22 (69%) of 32 X®
nma- Number of households with smoothing stones 14 (42%) of 32 ]
i, and Average number of metates per houschold 2.1 (n =29 1.4 (n =22
aints, Average number of locai vessels per household 36.8 (n = 23) 26.2 (n = 24)
ibles, . Average number of types of pots per household 7.0 (n =25 5.2(n=124)

iture, Source: After Deal 1983, 97-111.

ms of ¢+ - 'Temper is occasionally present in Aguacatenango nonpotting households; people collected it
holds and exchanged it for pottery in nearby Amatenango {(Deal 1983, 110).

iapas,
185a).
f pot-
in two

“fore will survive only in exceptional circumstances. Over much of the world,
pottery manufacture was carried out without wheels or turntables, and even
where these were used they were often made of wood and were thus perish-
able; similarly, much pottery was fired without kilns. Piles of unfired vessels
may indicate manufacturing in a given area; they are fragile and unlikely to
have been moved far from their locus of fabrication, but on the other hand
itional | they can easily disintegrate in wet conditions.

iy are © Accumulations of wasters—misfired or overfired sherds and vessels (see
‘there- Johns 1977b)—may also be useful evidence (fig. 6.1), because firing, espe-
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cially bonfire firing, produces a relatively high percentage of damaged or un-
usable pieces. Wasters may be difficult to identify, however, since sherds or
broken vessels may be reused in open firing (see Stark 1985, 174—76).

By far the most complex and exciting methodological advances in locating
source areas of pottery production have come from provenience studies
(sec. 14.2). Provenience (or provenance) studies seek the origin (the geo-
graphical source or provenience) of particular artifacts, whether pottery or
stone or some other material. In these analyses the composition of a set of
artifacts is determined by sensitive mineralogical and chemical techniques
{chap. 13} to obtain a “fingerprint™ unique to that composition and hence to
the geological source. The same procedures are used to characterize resources
available in the geographical region of interest. Finally, the physicochemical
data on the artifacts and the resource samples are compared by complex
mathematical techniques to search for similarities and differences (see Bishop,
Rands, and Holley 1982).

While. provenience studies may be able to identify the kinds of clay used in
a particular kind of pottery, that is, the geological correlates of manufacture,
they do not provide information on the cultural or socioeconomic context,
such as the locations of workshops within a settlement system. This, of
course, is dependent on other kinds of data, such as those outlined above (de-
posits of raw materials at a site, kilns, wasters, etc.).

6.2.2 Organization of Production

The ideal situation in investigating structure of ancient pottery production is,
of course, to know the source of the clay used as well as the location (by work-
shop materials, wasters, and/or kilns) of the pottery making. In many cases,
however, some or all of this information is unavailable. In such situations,
within a certain range of behavioral variation, one can make some observa-
tions. The two variables most important in understanding the organization of
ceramic production are the scale and the mode of production.

6.2.2.1 SCALE OF PRODUCTION
Scale of production refers to levels of labor and resources used and quantity of
output. These matters can be approached initially and larggly intuitively in
terms of the general level of socictal complexity. At one extreme, large, com-
plex societies with high population densities are likely to have complex and
specialized arrangements for producing a variety of agricultural and non-
agricultural commodities as well as for distributing them. The size of the
population necessitates some relatively constant rate of providing goods to
serve continuously in a variety of utilitarian and specialized functions. At the
other extreme, in small villages that are not strongly integrated into broader
regional economies, craft production may be pursued primarily for “own use”
or for irregular household exchange and consumption: production may be
sporadic, on a seasonal or ad hoc replacement basis. The former increases the
likelihood of archaeologically visible indications of pottery production, con-
ducted by more-or-less full-time workers who have spatially segregated ac-
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tivity arcas and technological investments in their craft. Simple household
production, on the other hand, is likely to be archaeologically invisible or in~
capable of detailed quantitative investigation as a result of low output, infor-
mal organization, and lack of specialized tools and workspace.

These two examples are extremes, of course, and between them is a wide
range of production arrangements that have had little or no systematic analy-
sis in prehistoric contexts {cf. Peacock 1982). They do, however, call atten-
tion to another important aspect of scale of production—Ievel of demand.
Household production involves a close relation between consumer demand
and producer output; in some cases producer and consumer may be the same
individual. Demand is likely to be iow and intermittent, and production rates
may vary according to the financial circumstances of individual households.
Both, therefore, are stochastic and unpredictable, and neither input (labor, re-
sources) nor output is quantitatively large. In production for a large society,
however, there is relatively constant demand from a large and dense popula-
tion of consumers with varied needs. It is important to distinguish between
what might be termed general and specific demand, or between independent
and attached producers (Earle 1981, 230), since this can be expected to affect
the quantity and character of the output. A related consideration is the role of
pottery in communitywide ceremonies or fiestas, which is a major determi-
nant of the seasonal volume and rhythm of production in several areas (Reina
and Hill 1978, 249; Lynch 1979, 5-6; Howry 1976, 210).

The scale or ievel of commodity production is thus an important aspect of
production structure. It involves the demand for the product—the density and
complexity of social statuses, roles, and utilitarian needs within the popula-
tion of consumers that forms the market for the commodity. These factors,
while significant, can be approached archaeologically only by inference.
More empirical and quantitative observations can be applied to the scale of
production, but in many periods and places these data may not all be avail-
able. Critical questions concern the number of producing areas (e.g., work-
shops), their degree of nucleation, their size (spatial extent, the number of
workers they may have occupied, and rate of output), and the kind, amount,
and size of facilities at the working areas (kilns, drying space, etc.).

Also significant—-but requiring different kinds of supporting data—are the
variety of products turned out and the quantities of each type. While evidence
concerning the former might be gleaned from wasters, the latter will be diffi-
cult to ascertain except by estimating the volume of individual firing loads or
by extrapolating froin frequencies of wares of form categories recovered in
residential middens or other deposits. Questions about the rate of production
are not fikely to be answered by this iatter method, however, given the gener-
aily poor level of fine chronological control at archaeological sites. Similarly,
assessments of full-time versus part-time manufacture, or seasonal versus
year-round production, will very likely be beyond direct archaeological inves-
tigation. In general, the ethnographic literature indicates a high frequency of
part-time and seasonal production cycles among potters, even in areas with
many large, specialized workshops.
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6.2.2.2 MODE OF PRODUCTION

Study of the mode of pottery production is based on interrelated determina-
tions of how the pottery is made, who makes it, and for whom it is made.
Pertinent questions thus relate to manufacturing technology, the role and
status of producers, the integration between tasks, the organization of produc-
ing units and their relation to the overall economic organization, and the rela-
tion between producers and consuming groups.

How pottery is made is a question that largely concerns the kind and level
of manufacturing technology. With prehistoric pottery, one can search for
traces of procedures on the sherds or vessels (e.g., coil fractures, rilling,
etc.), or indications may be found “on the ground” —for example, ancient
tools or other equipment such as kilns, wheels, or molds.

The extent to which the manufacturing procedures discussed in chapter 5
can be identified on archacological pottery is variable (sce Rye 1977, 1981,
46-89). In general, a great deal can be reconstructed from whole vessels and
from sherds, in part because of the additive process of creating vessels out of
clay and in part because of the nature of clay itself. Much depends, however,
on the size of the sherds available and what parts of the vessels they represent.
A variety of physicochemical analytical procedures—many of them highly
complex—are discussed below in part 4,

Labor-intensive and capital-intensive modes of production can be differ-
entiated by the role items such as kilns and wheels play in manufacturing.
These devices permit rapid production of large quantities of virtually identical
products, that is, mass production, but they require substantial investments of
money and space-—usually permanent workshops—for efficient use (see be-
low). Distinctions between labor intensity and capital intensity may be evi-
denced by pottery-making tools at archaeological sites.

Other signs of how pottery making was organized are more ephemeral. For
example, the internal organization of production includes thé size, COMposi-
tion, and integration of the groups that execute particular tasks—such as ob-
taining and preparing resources, forming, finishing, decorating, firing, and
distributing. These issues, more commonly phrased in terms of horizontal,
vertical, or functionai divisions of labor—and indeed the question whether
such task differentiation existed as part of the productive process—may prove
impossible to investigate archaeologically in many situations (see Nicholson
and Patterson 1985a, b for an ethnoarchacological example). A

Determining who made prehistoric pottery largely depends on understand-
ing the demographic and socioeconomic position of potters in the society, in-
cluding whether pottery is made by virtually anyone or is effectively limited,
by any number of social sanctions, to small numbers of producers. Relevant
questions concern the age and sex (Barbour 1976) of potters and whether pot-
tery manufacture is practiced by particular families, clans, or castes. This
latter may be shown in some archaeological situations by architectural dif-
ferentiation, for example, if there is a wardlike or barriolike clustering of
residence-cum-production loci (Millon 1970), evidenced by any of the loca-
tional or abundance criteria noted above. The individual identities of manu-
facturers can sometimes be determined if they have signed their wares—
molds or final finished vessels—either by name or by workshop affiliation, as
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Figure 6.2  Potter’s marks and stamps {notto  2); d, Chinese porcelain marks (/eff, K ang-
scale): a, Arretine stamps (after Peacock  hsi, 1662-1722; right, Kuang-hsu, 1875-
1981, fig. 61); &, Yangshao pottery marks  1908; after Medley 1976); e, marks on Moche
from Banpo, China (after Cheung 1983, fig.  pots from Peru (after Donnan 1978, fig.
12.1); ¢, multisign “inscriptions™ on pottery  3i,i,n,q). ’

from Fepe Yahya, Iran (after Potts 1981, fig.

in examples of Greek (Beazley 1943; von Bothmer 1985) and Roman (Johns
1963; Hartiey 1966; Dickinson and Hartley 1971) pottery, or made distin-
guishing marks on it (fig. 6.2; Man 1894, 26; Donnan 1971; Arnold 1972;
Potts 1981; Gill 1981). Individual potters may also be identifiable by stylistic
attributes (Hill 1977; Hardin 1977). Indeed, decoration itself may serve as a
potter’s mark, as in the Philippines, where the number of painted bands identi-
fies a particular potter’s output in a communal kiln load (Scheans 1977, 65).

6.2.3 Models of Production and Specialization

Several models have been developed to describe the organization of pottery
production. These generally posit categories of increasing complexity based
on examples drawn from the ethnographic record (Balfet 1965, 162—63; van
der Leeuw 1977, 1984; Peacock 1981, 1982; Rice 1981; Redman and Myers
1981, 289-90), with the exclusion of itinerant potiers (see Asboe 1946;
Voyatzoglou 1974; Linné 1965, 21). The variables differentiating the catego-
ries include frequency and seasonality of production; number of workers; age,
sex, status, and relationships of the workers; degree of labor division; kind
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and extent of investment in special space or tools; variability in raw materials
and products; and size and proximity of consuming groups.

Two very similar schemes (van der Leeuw 1977, 1984; Peacock 1981,
1982, 8—10) suggest that the following four modes of production may be im-
portant in prehistoric contexts:

1. Household production. Also known as the domestic mode of production
{DMP), pottery manufacture is occasional and primarily for own use, typi-
cally in the hands of women, and characterized by simple technology (see
Balfet 1965, 162). It is often stressed that this type of extensive production
system is oriented toward self-sufficiency, with little opportunity for inten-
sification. The Kalinga of the Philippines are an example of a society in which
every household produces its own pottery (Longacre 1981, 1985).

2. Household industry. Production is somewhat more continuous, but it still
involves only a simple technology with little investment in capital equipment
and is likely to be in the hands of women. Described as “potting for profit”
(Peacock 1982, 8), the household industry can be seen to represent the begin-
nings of commoditization (Hart 1982): pottery not only has use value but ac-
quires exchange value as welk and is made for someone outside the immediate
environment. Pottery manufacture frequently is an important source of sup-
plemental household income for women (see Fontana et al. 1968, 24; David
and Hennig 1972; Stone 1950) and often is found in areas with relatively poor
agricultural potential. Much of today’s production that falls into the category
of household industry is oriented toward the tourist market (see sec. 15.1), as
in Chinautla, Guatermnala (Reina and Hill 1978, 253-72), Santa Clara, New
Mexico (LeFree 1975), and lowland Peru {Lathrap 1976). :

3. Individual workshop industry. Production is typically in the hands of
men, who have a significant capital investment (kilns, wheels) in the enter-
prise and derive their major livelihood from it. Workshops are usually iso-
lated, and distribution may be by rather “rudimentary” marketing systems
(Peacock 1982, 9, 31).

4. Nucleated workshops (see Peacock 1981, 190-91, 1982, 9. These rep-
resent a “clustered industrial complex™ in which pottery manufacture is a
major economic activity, practiced by males with extensive technological in-
vestment. Production may be seasonal, but because of competition it js usu-
ally year-round; products are fairly standardized and of high quality. Market-
ing is often a distinct economic specialization, typically integrated with urban
market economies, and often relies heavily on the activity of middlemen
traders (see Papousek 1981). Also referred to as “village industry,” “‘domestic
industry,” or “dispersed manufactory,” these units may be in urban areas
(Lynch 1979; Thompson 1984) but are especially notable as features of rural
regions, as at Dijerba, Tunisia (e.g., Johnston 1984) or Deir el-Gharbi, Egypt
(Nicholson and Patterson 1985b).

Workshops, whether individual or nucleated, often have explicit division of
Jabor: they include a thrower, several individuals who prepare the clay for
throwing or finish the vessels, and young assistants who tread the clay, turn the
wheel, and perform other tasks (e.g., see Scheans 1977, 59). In addition, the
workshop structure is typically divided into special activity areas (fig. 6.3) for
mixing clays, storing and drying clays and other supplies such as firewood
(fig. 6.4), forming and drying pots, and for kilns.
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Figure 6.3 Workshop plans: 4, Orei, Eu-  (after Nicholson and Patterson 1983a, 55); d,
boea, Greece (after Peacock 1982, fig. 11-1);  Sad Pedro do Corval, Portugal {after Peacock
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Figure 6.4 The interior courtyard of a pot-  dry in the sun in the background, and a sleep-
ter’s workshop in Antigua, Guatemala. Fire-  ing dog sprawls on the crushed clay spread on
‘wood is stacked to the left, freshly made pots  the floor of the patio.
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Several other categories of production organization may also be identified.
Large-scale industry or factory organization makes use of mechanically
powered technology and developed only during the Industrial Revolution. The
manufactory (Peacock 1981, 1982, 9-10; also Annis 1985, 243) is an ar-
rangement based essentially on the workshop, in. which a large number of
people work under the direction of a supervisor; production may involve an
“assembly line” of individually specialized tasks, or the same person may
execute all steps of the production sequence. The production of Arretine
Samian ware is given as an example of a manufactory (Peacock 1981, 122),
whereas Gaulish Samian ware was probably produced by a more dispersed
workshop arrangement (Peacock 1981, 192, 1982, 127). In addition, produc-
tion may be organized through estate and military systems, as it was in the
Roman economy (Peacock 1982, 10—11), which emphasized manufacture of
bricks and tiles rather than pottery and probably paralleled various types of
workshop organization.

Finally, Peacock (1982, 13} suggests that municipal or state authorities may
exercise some control over production. This situation, like that of estate and
‘military workshops, may be interpreted as involving what Earle (1981, 230)
called “attached” specialist producers. Attached specialists may be associated
with a particular interest group that can in some way manipulate production
and demand, for example, elite entrepreneurs or cther supervisory authorities
controlling the manufacture of ritually or functionally specialized products.
Independent specialists, on the other hand—those producing a range of prod-
ucts for general consumers—may operate largely without specific directives
or intervention other than local preferences and needs, although taxation or
tribute demands may be important to the scale of their production efforts.

For interpreting production in antiquity, these schemes raise several prob-
lems. One is that the descriptions of these production modes also incorporate
statements on the distribution of the product. For example, the household in-
dustry and workshop categories are described in terms of orientation toward a
market economy and profit motivation. Although these relationships are sig-
nificant in illuminating how the producing unit functions, they contribute to
confusion in explicitly defining production in a prehistoric context because
they overextend the definition. Is it necessary to 1dent1fy markets in order to
identify a workshop mode of production?

If production were treated alone, strictly independent of distributign, one
could see that, rather than a continuum of five or more categories, there are
basically two kinds of production arrangements, household and workshop,
differentiated by where the work takes place, the manufacturing technology
used, and factors of scale (personnel, production rate or intensity, and vol-
ume). The variations—which primarily exist in the workshop mode—are fur-
ther based on scale (size and intensity) as well as on degree of integration with
urban centers, presence of outside control, and role (if any} of entrepreneurs.

Of the major production categories (omitting factories as exclusively post-
Industrial Revolution), (1) and (2) and to some extent (3) are likely to leave
little trace archaeologically because of lack of material technological invest-
ment (see Deal 1983, 97—111), low intensity of activity, and isolated or dis-
persed geographical distribution. Their existence and location would have to
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Table 6.5 Characteristics of Pottery Making in Two Mexican Towns

Household Production Village Industry
{Chanal) {Amatenango)

Frequency QOccasional/part-time Part-/full-time
QOrganization Work separately - Assembly line within extended
family or guild
Market Home use; intracommunity Local or regional
Seasonality ~ Dry season Year-round
Division of labor None Considerable
Manufacturing tech- Hand, small tools Hand, smal! tools
nology
Firing technology Open fire Open fire
Time per vessel <20 minutes =30 minutes
Raw materials
Clay Black and red; local (<1 k) Black, white, yellow; local
(<1 km)
Temper Calcite; distant (2—8 km) Calcite; local three types of
sand; local
Fuel : Pine kindling, oak bark; local Pine kindling, oak bark, cypress;
distant (>>5 km) .
Pigments Not used Distant (purchased}
Smoothing stones Local Distant (8—60 km)
Investments Time only Cash for pigments and trans-
pottation
Range of functional types Narrow Wide
Range of wares Unslipped only Slipped (red and white) and
unslipped
Role of men® None Gather firewood, help with fir-
ing, help with marketing

Source: After Deal 1983, table 17. *Women are the potters in both communities.
be identified largely by spatial occurrence of the products (the “criterion of

abundance,” above}, by proximity to desirable resources, or both. Category
(4) is today clearly associated with urban marketing economies, and category

(3) may be associated with rural or peripheral urban industries too; the extent
to which these latter could be identified in prehistory is questionable (see
Nicholson and Patterson 1985b). Furthermore, distinguishing attached from
independent producers and determining the participation of entrepreneurs,
who are hypothesized to play an important role in various levels of produc-
tion, is also problematic because they cannot be detected archaeologically.

It is somewhat difficult to place various community-based specializations
into this scheme. In the highlands of Mexico and Guatemala entire commu-
nities produce a single craft item such as pottery, baskets, grinding stones, or
leather goods, exchanging the products within a bounded “solar marketing
system” (see Smith 1974, 176—77; Nash 1966); production may be by men or
women and is usuaily part time and seasonal. These systems seem to fall into
Peacock’s (1982, 103) category of “rural nucleated industries,” which com-
monly specialize in a single widely distributed product, but in Mesoamerica
the potters are usually (though not always) women rather than men, and these
systems do not consist of workshops with major technological investments.
‘They are closer to the characteristics of the household industry, suggesting
that a great deal of variability exists within this category (table 6.5). Similar
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community-based craft concentration is described in Ghana, where villages
restrict themselves to manufacture of particular wares or forms: pots for palm
wine at one, spindle whorls at another, and utility wares at a third (Crossland
and Posnansky 1978, 88). Comparable situations are described for the south-
ern Andes of Peru (Tschopik 1950, 215) as well as for Melanesia (see Lauer
1970; Ellen and Glover 1974).

Part of the problem is the tendency to associate females with one kind of
productive mode (households and minimal technological investment) and
mates with another (workshops and the use of wheels and kilns). The differ-
ences between the two modes are not always defined by gender or by technol-
ogy, however. In 1950 in the northern Nicoya peninsula of Costa Rica, for
example, some of the female potters working in their homes practiced a sys-
tem that was close to the *‘manufactory” described by Peacock. In this system
of “peonage™ some women (the “peons™) go to the homes of other potters in
the same village and work (for pay) for half a day either molding or finishing
the vessels; the owner of the house prepares the clay for them and then
dries and fires the vessels herself (Stone 1950, 278). In another situation, in
Chucuito, Peru, household production is in the hands of males, who are as-
sisted by their wives or female relatives and work without wheel or kiln; it was
not noted whether these potters were full- or part-time producers (Tschopik
1950), but most probably they worked part-time.

Finally, within all these categories save (1), household production, ques-
tions can be raised concerning the role of specialization. In economic spe-
cialization a particular occupation is restricted to a relatively small number of
skilled practitioners who make it their primary livelihood. The qualifier “rela-
tively” is important here, for the number of producers must be compared with
the total output and the total market. '

Ethnographically, defining or identifying specialist production has not been
a consuming concern in pottery studies, and indeed the criteria used for
recognizing economic specialists of any kind are very different from those
used archaeologically. Among the significant elements are the proportion of
time devoted to the specialty, the amount of subsistence (or income) gained
from it, the existenice of a native title or name for the occupation, and the
receipt of some remuneration for the product (Tatje and Naroll 1973).

For archaeologists this subject has been important because, despite the
operational problems of identifying specialists in prehistory, econgmic spe-
cialization in production and distribution is generally acknowledged to be a
concomitant of large, complex, highly differentiated societies and to depend
on other intensive production arrangements, for example, in agriculture (Dow
1985). 1t is an adaptive response, in part to the different needs and require-
ments of a large, heterogeneous society, but also to the differential distri-
bution of productive resources in the physical environment (Rice 1981).

Dealing with specialization in prehistory raises several problems, including
determining whether specialization exists, when and how it developed, and its
degree (full or part time). Specialization has clear implications for the kinds
of developmental typologies discussed above, and just as there are few widely
agreed-upon criteria for defining or recognizing those particular organiza-
tional arrangements in prehistory, there is little consensus on how to identify
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the existence of specialists in commodity production (see Evans 1978, 115, for
one example). If workshops can be identified the issue is relatively straight-
forward, but in the absence of workshops-—that is, in cases corresponding
to vitlage industry (“dispersed manufactories™) and perhaps even household
industries in the typology discussed above—the archaeological visibility is
low and the entire matter is likely to be far more ambiguous.

Part of the difficulty lies in defining what is specialization. As Muller
(1984, 490-92) has pointed out, considerable confusion arises because ar-
chaeologists fail to distinguish between site specialization and producer spe-
cialization. In site specialization localities have limited functions or intensive
production activity; their existence may be determined by fortuitous. environ-
mental factors such as good fishing, fertile soils, mineral deposits, and so forth.

Site specialization does not necessarily imply producer specialization,
however, which is defined by the time individuals devote to an activity as a
part of gaining their livelihoods. Producer specialization, in turn, does not
refer to division of labor by sex within a society, such as the occasional situa-
tion in which men make large, heavy wares while women make smaller pots
(see Scheans 1977, 95-96). Nor does it pertain to skill of execution (e.g.,
Balfet’s [1965, 163] “elementary specialization”). Rather, producer spe-
cialization designates the allocation of labor (or a labor force) in a particular
economic pursuit. It is one aspect of broader patterns of sociceconomic inten-
sification, entailing increasing labor input (intensification proper), differen-
tiation of skills (diversification), and output (sec, e.g., Kaiser 1984, 12,
293-94).

Producer specialization is usually described in terms of intensiveness as
part time or full time, but this is a blurry distinction even ethnographically.
Fuli-time specialization itself has two connotations: that an individual makes
poitery year-round (Arnold 1985, 18) or that an individual follows no eco-
nomic pursuit other than pottery making. The seasonal aspect of many eco-
nomic activities, including pottery making, makes this nebulous distinction
even murkier. Potters may concentrate their potting during the most favorable
weather (e.g., the warm or dry season) and produce at a different rate—only
speradically or with very reduced output—during cold or rainy periods. In
addition, potters often also have landholdings, and they may work their farms
during the agricultural season and make pottery during the off-season. The
employment of assistants in workshops may also vary seasonally for the same
reasons. To call any of these individuals *part-time specialists” is somehow
misleading. For example, in 1905 in the famous porcelain center of Jingdezhen,
" -China, production was highly seasonal, since most of the 104 workshops and
“ kilns in the town employed summer help: “During this busy season, when
every kiln is perhaps employing an average of 100 to 200 men, the population
of Ching-té Chén [Jingdezhen] rises to about 400,000, but of this nearly, if not
quite, half are labourers drawn from a wide area of country . . . who only
come for the season, live in rows of barracks-like sheds, and do not bring their
families with them™ (W. J. Clennell, Journey in the Interior of Kiangsi, quoted
in Hobson 1976, 155). One may question how an understanding of producer
specialization is advanced by distinguishing these Chinese workers as part-
time versus full-time specialists.
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Aside from these problems of differentiating part-time and full-time spe-
cialization by seasonal factors or production rate, the differences are even
more difficult to discern in prehistoric contexts. It is likely that full-time spe-
cialized personnel—those who produce at a relatively constant rate year-
round—may be distinctive only of state-level societies (see Muller 1984,
493), primarily present in areas with sizable and dense (urban) popuiations to
establish a constant demand. In smaller, nonstratified societies, full-time spe-
cialization incorporates some risk during times of economic stress or famine,
since there is less provision for political redistribution of goods (Hayden and
Cannon 1984, 341).

The widespread positive correlation between levels of “craft specializa-
tion,” levels of societal complexity, and agricultural intensification (Dow
1985) suggests some additional aspects of pottery production to consider. In
agricultural studies, a distinction is made between intensification and spe-
cialization. Intensification refers to raising the yield per unit of land or labor
and may be achieved by increasing the frequency of cropping, the tech-
nological investment, or the labor input. Specialization is a particular kind of
intensification, focusing on a single crop or a small number of crops.

This distinction is also useful with respect to pottery production, particu-
larly in archaeological contexts, because it separates issues of labor from
those of output. Intensification increases the output per unit of time or labor,
and may be achieved by changing production from part time to full time, in-
creasing the number of producers, or using more efficient manufacturing. tech-
niques (molds or the wheel). Production may also be increased by focusing on
a single class of product, that is, by specialization. Specialization may occur
when certain households, barrios, workshops, or communities concentrate on
manufacturing particular functional, formal, or decorative categories of pot-
tery. It may arise without intensification proper if it does not increase pro-
duction. Either intensification or specialization may involve diversification
through task or product differentiation, such as “assembly-line techniques,”
whereby different individuals are responsible for separate tasks or products.

Agricultural studies suggest that both approaches to intensification—in-
creasing frequency of production events and increasing yield per event—may
occur simuitaneously, but there is a tendency to favor the latter. In the evolu-
tion of the different kinds of pottery production organizations discussed
above, it is likely that the same would be true. In part such an emphgsis on
increasing yield may be due to the constraints imposed by climate and by the
scheduling of pottery making vis-a-vis agriculture (see Arnold 1985). While
“full-time specialization” in pottery may not be widespread in prehistory and
mnay be restricted to situations of conspicuous urbanization, a variety of forms
of intensification may be found, including greater technological or labor
investment and “specialization” in the narrower sense of concentration on
particular products. Such arrangements may characterize a broader ranger of
fevels of socioeconomic complexity, population density, and production sched-
uling, and they have the additional advantage of being more amenable to ar-
chaeological investigation.

In sum, while “site specialization” seems to be a useful concept for study-
ing some aspects of craft production in archaeological contexts, “‘producer
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specialization” seems to fall within the broader category of intensification
processes, which requires further subdivision to be useful archaeologically. It
may also be appropriate to hypothesize a third kind of specialization, “re-
source specialization’: selective employment of particular resources in pot-
tery manufacture. An example is the production of glaze paint pottery in the
Rio Grande area of New Mexico, which was made possible by the availability
and control of an essential material (lead ores for the paint) as well as superior
clays for the body and slip, and which led to specialized production of the
ware as a trade commodity (Shepard 1965, 86).

Distinguishing resource specialization from other categories is potentially
important for interpreting the results of provenience analyses (sec. i4.2),
which can isolate particular pottery resource groupings by their geochemical
composition but cannot identify either users or production sites. Pottery pro-
duction may involve any of three kinds of specialization—locus, personnel,
and resource—and all three certainly can occur simultanecusly. But it is also
possible for one to occur without the others.

An important point in these distinctions is the relation between site spe-
cialization and agricultural productivity, because modern pottery manufactur-
ing communities are often in urban fringe arcas with very poor agricultural
potential. This suggests that the impetus toward community specialization in
pottery making at the household level—which is not infrequently associated
with poverty and a need for supplemental income—may be the inadequacy of
the agricultural subsistence base in these regions (see Arnold 1985, 198-99;
but cf. Cook 1984, 20-21). The extent to which this contemporary correla-
tion may reach into prehistory has not been satisfactorily explored.

6.3 Distribution and Exchange

6.3.1 Ethnographic Overview

The means by which pottery reaches its users are as many and varied as the
means by which it is produced. It is self-evident that, as Renfrew (1977b, %)
observed, “a high level of production by a number of craft specialists in a
limited area cannot be easily sustained without a highly organized means of
distributing the product and without a large constituency of customers.”
Nonetheless, impressive volumes of production can occur, and considerable
distances can be traveled, without nucleated workshops, kiln and wheel tech-
nology, or professional merchants (e.g., Loughlin 1977, 88).

Traditionally, distributional behavior in ethnographic and modern peasant
societies is described in terms of three categories: reciprocity, redistribution,
and exchange (see Polanyi 1957; Sahlins 1972; Earle 1977; Hodder 1978,
199-211).

Reciprocity is the movement of goods, usually between individuals, based
on more-or-less symmetrical or equal relationships. Reciprocity is sometimes
categorized according to the social distance of the participants (Hodder 1978,
203) as generalized reciprocity (e.g., hospitality, care of the eldexly), balanced
(socially mandated gift exchanges, bride-price, etc.), or negative (taking
place between relatively distant partners and perhaps involving haggling). The
material transactions may be significant in these interactions, but in general
the social and symbolic aspects are more so.
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Redistribution has, in theory, two critical components: pooling of goods
and centrality. In its idealized form, redistribution usually takes place in rela-
tively formalized relationships, often within or between groups, in which
goods are accumulated, moved appropriatively to a center, and then reallo-
cated. In practice, however, much redistribution may take place without any
centralized direction or location, either within or between production locales,
from family activities to regional fairs. Four types of redistributional institu-
tions have been identified (Earle 1977, 215): leveling mechanisms {e.g., pot-
Iatching); domestic household pooling and sharing; share-out (allocation on
the basis of cooperative effort such as hunting); and mobilization, or appro-
priation of goods and services by and for a separate entity, often involving
several communities (tribute, corvée labor). The first three of these are com-
mon at all societal levels, whereas mobilization exists only in hierarchical
(ranked or stratified) societies (Earle 1977, 216).

The term exchange is sometimes used in a general sense for any process by
which goods are moved and change hands in return for some other good, ser-
vice, or intangible. More specifically, however, exchange refers to market or
marketplace exchange; marketplaces may be periodic (including fairs) or
fixed, and they may or may not be administered or involve supply-and-demand
price mechanisms. Such price mechanisms are extremely rare in prehistory;
since in general much of the theory of market exchange is based on modern
industrial and capitalist systems, it is of questionable value in understanding
prehistoric societies. As distinct from reciprocity and redistribution, market
exchange is impersonal and is not focused primarily on the social relation-
ships between individuals. The definitions and otigins of formal market ar-
rangements are poorly understood; the mechanisms may be internal to the
socioeconomic system, reflecting demand and production of surpluses, or
they may be external, deriving from the redistribution of goods acquired
through long-distance trade or produced within ecologically or socio-
ethnically bounded groups (Hodder 1978, 209—11).

All three of these terms are sometimes lumped under the rubric “trade.” In
general, however, trade is usually limited to appropriational processes in
which distance and transport are significant and in which there js often some
relatively formal and permanent relationship between the partners as indi-
viduals or official agencies. ‘

Reciprocity and redistribution are idealized categories of exchange beRav-
ior. With respect to the actual mechanics of the transactions, one fairly simple
scheme outlines five arrangements (fig. 6.5) whereby pottery (or any other
good) may change hands from producer to user (Renfrew 1977b, 9-10):

1. The consumer travels to the potter. In this case, potters do not actively
seek out consumers for their wares but produce on commission or consign-
ment (Howry 1976; Scheans 1977, 46) or for the occasional purchaser who
needs to replace a household vessel. Examples of this type of production in-
clude the Njemps potters of Africa (Hodder [979a), and the Siuai (Oliver
1955).

2. The potter travels to the consumers, In this situation the potter (or a
member of the production’ unit, often kin} carries the pottery-—on his or her
back, by donkey or cart (fig. 6.6), or by truck or canoe-—to the consumers,
acting as an itinerant vendor. Examples include Papago potters (Fontana et al.




PoTTERY ECONOMICS

*—-o N

d

. Location
@ Potter O Consumer » Middleman [ of exchange

Figure 6.5 Model of pottery distribution re-  consumer travel to a third location; 4, pottery
lationships: a, consumer travels to potter; b, 15 exchanged through a middleman; e, potter
potter travels to consumer; ¢, both potier and  takes goods to a ceniral redistributive agency.
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Figure 6.6 A rural Muslim potter and his  along the road, but primarily in small villages
wife travel with a bullock cart loaded with pots  and towns where few pottery shops are found.
for sale in western Rajasthan, India. They sell ~ Photograph by Carol Kramer.

1962, 23), potters of the Amphlett Islands (Lauer 1970, 1971), and potters of
the Nicoya peninsula of Costa Rica (Stone 1950).

The movement of pottery in both arrangements (1) and (2) may be through
gift giving or other processes of reciprocal social obligations, may represent
redistribution, or may be more impersonal exchange.

3. Both potter and consumer travel to a third location, which is often a mar-
ket or fair but may be simply a convenient street corner or other area where
there are large numbess of passersby. Potters (or members of potting families)
acting in this role in Guatemala are referred to as vendors (Reina and Hill
1978, 207-9), and they are most active in local markets. There they sell di-
rectly to local consumers or to merchants who carry the pottery farther away
in secondary distribution to other locations. A similar situation is described
for periodic markets in rural Yoruba areas (Hodder 1962, 116, quoted in
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to them, as in the case of Don Asuncidén in Mexico (Papousek 1981, 79-82,
100-105). :

5. The potter takes his goods to “‘some central agency which assigns him
goods in exchange,” a statement of the idealized process of redistribution.
The extent to which pottery vessels are directly exchanged for other goods
through a central administrative office receives little if any confirmation in the
ethnographic record. The case of a monopolist merchant such as Don Asuncién
may be a parallel; the example cited by Renfrew (1977b, 14}—Inca storage
jars at Hudnuco Pampa (Morris 1974)—may represent state-controlled pro-
duction but does not necessarily imply redistribution.

The actual form of the exchange transaction and the value of the goods are
highly variable in these five schemes, but in many areas the sale of pots is an
important source of supplemental income as well as a source of otherwise-
unobtainable financial freedom for women (Fontana et al. 1962; Stone 1950).
Where consumers travel to the potters, the prices of pots are relatively stable
(Hodder 1979a, 17), without the inflationary effect of distance. In many situa-
tions of household production and sales, the stability of prices may be a con-
sequence of informal price fixing or social sanctions against competitive pric-
ing and underselling, as among the potters of Santa Clara, New Mexico (Le
Free 1975, 68) and Matti, Philippines (Scheans 1977, 46).

Exchange may also involve bartering pottery or exchanging it for other
goods, usually food. For example, the Papago in the American Southwest
traded pottery for flour, salt, sugar, coffee, beans, or corn as well as cash
(Fontana et al. 1962, 22--23). Similarly, at Begho, Ghana, West Africa,
“plantains, cocoyam, palm nuts and dried cassava . . . are made available at
[the potters’] doorsteps; cowries and gold dust were also used in exchange
before modern currency” (Crossland and Posnansky 1978, 87). This system is
not restricted to the irregular commerce associated with household produc-
tion: workshop potters of Vounaria, Greece, exchange their wares for wheat
{Matson 1972, 220, see also Miller 1981, 224).

Although distance and supply are probably most influential in determining

the cost of vessels, other mechanisms operate as well, though not always con-
sistently. A slip, glaze, or decoration is usually presumed to confer additional
value to a pot (e.g., Feinman, Upham, and Lightfoot 198!; see also Hardin
1977, 115), partly because of labor and partly because of the expense of ma-
terials. Among the potters of Los Pueblos this principle holds: the presence of
a glaze firing is a major determinant of the cost of pots to merchants (Papousek
1981, 84, 114-15). At Begho, Ghana, however, the presence or absence of a
slip does not influence the cost of a pot (Crossland and Posnansky 1978, 88).
Quality certainly plays a role too: in Nigeria, Ibibio consumers acknowledge
that Igho pots are better than their own and last longer in use, and they are
therefore willing to pay as much as 50% more for them (Nicklin 1981b, 183).
Seasonal factors are also likely to influence supply and hence price.
Al of these systems of interaction—the reciprocity, redistribution, and ex-
change models and the typology of exchange transactions—are heuristics, or
idealized categories of behavior. As in many applications of behavioral con-
structs to actual sitnations, a number of cautions may be registered.

First, any combination of these arrangements may occur in a single society.
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For example, in the Baringo district of Kenya either potter or consumer ma
travel to the other (Hodder 1979a, 11-12); in Papagueria, Arizona, there ha
been a gradual change from potters’ acting as traveling vendors to their selling
their pots from their homes (Fontana et al. 1962, 22-24). The inflationar
economy of recent decades has placed a premium on flexible selling strate
gies, as documented among full-time potters in the Philippines (Schean:
1977, 103):

Most of the San Nicholas potters prefer to retail their wares whenever
possible in order to maximize their gains in a market that they know
is subject to rapid fluctuations of supply and demand. Indeed, some
will even take their wares to hawk in distant towns in order to receive
the highest price. Others will barter their stock for whatever their
family might need. Rice, of course, is a preferred item in bartering.
Because of this they try to barter for it before the time of harvest
since rice prices are the highest then and bartering is based on the
volume capacity of the item to be traded. if they cannot do that they
will advance the pots and be paid at harvest time an agreed amount
plus interest.

No single behavioral category can describe an entire economy because of the :
simultaneous existence of multiple distributive arrangements.

Second, exchange networks, whether locat or long distance, are important
not only in supplying necessary goods and economic relationships, bat in
maintaining information flow and sociaf relationships (see DeBoer and Lathrap -
1979, 115-16; Spriggs and Miller 1979, 28), including political and kinship -
alliances and even enmities. An interesting example comes from the Yano
mamé of Venezuela: one group, the Momaribowei-teri, claimed they neither
knew how to make pots nor had suitable clays and obtained their pots from a
group they were allied with, trading them on to a third allied group, the Kao-
bawa. When the alliance with the potting group faltered, the Momaribowei-
teri suddenly “remembered” how to make pots and “discovered” suitable
clays nearby and so maintained their alliance with the Kaobawa (Nicklin
1979, 450, citing Chagnon 1968, 100— 101}. Related to this alliance mainte-
nance, it should be noted that the boundaries between social or cultural (eth-
nic, political, tribal) categories or environmental zones may not hinder ex-
change (Reina and Hill 1978, 216; Hodder 1977, 269); indeed, ?fhe different
specializations may foster economic interactions. Material exchanges will
also vary between centralized and noncentralized societies {Hodder 1978,
211-34).

Third, entrepreneurs (individuals who intervene to change the patterns of
production and distribution [Schumpeter 1961, 78]) or a centralized authority
may be significant in these processes. Middlemen and entrepreneurs today
play a very important part in the activities of commodity production, market-
ing, and pricing. This is particularly evident in the status of powerful indi-
viduals who have accumulated sufficient wealth to own trucks, thereby domi-
nating distribution and, by extension, production as well (Papousck 1981).
Obviously trucking could not have played a part in prehistory, but other kinds
of entrepreneurs could have figured significantly, especially in large, complex
societies. The role of an institutionalized merchant class, such as the pochteca
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of Aztec Mexico, or other long-distance traders may be analogous, both by
virtue of controlling distribution and by their access to knowledge about a
broader world and its affairs (see also Helms 1979, 33—34).

6.3.2  Archaeological Approaches and Models of Distribution

The distribution sphere of pottery economics has received considerably more
archaeologicat study than has production. This is no doubt because archaeolo-
gists have traditionally devoted a good deal of attention to commodity ex-
change in general as a prime mover in models of sociopolitical evolution.
Most of the work on prehistoric exchange has been with long-distance trade
and has involved primarily a single commodity. That commodity is usuaily an
item that can be easily traced to a particular source or source region, such as
obsidian, jade and other semiprecious stones, certain kinds of fauna or animal
products, soapstone (chlorite), metals, or highly distinctive decorative styles
of pottery. In many cases, because of the distances involved or the relative
scarcity of the commodity itself, there is an implicit or explicit understanding
that the items being traded are elite. A number of models drawn from network
analysis and locational geography have been developed to describe these long-
distance distributional systems (e.g., Renfrew 1977a). Less common are stud-
ies of the distribution of locally produced coarse pottery or other nonelite
commoditics within the region surrounding the locus of manufacture (e.g.,
sec Hodder 1974c; Loughlin 1977; Brisbane 1981; Arnold 1981).

Archaeological studies of the economic process of pottery distribution be-
gin, like those of virtuaily any other commodity, by examining the spatial dis-
position of the categories of interest, including presence/absence as well as
. relative frequencies. As with production, in distribution a large number of
variables need to be investigated: the range of movement of the commodity,
the amount exchanged, the time span involved, the direction and intensity of
flows, the degree of centralization of distribution, and the overall complexity
of the system (Plog 1977, 129).

These variables, and the relation between interaction processes and dis-
tance implied by the spatial occurrence of a particular item such as potiery,
can be examined by means of three kinds of data. These are (Hodder 1974b,
175) the percentage of the item in the total assemblage at each site {probably
most suitable for voluminous categories of artifacts, such as pottery); the den-
sity of sites having the item within concentric bands around the source; and
the number of sites with the item as a percentage of all contemporaneous sites
in that concentric band. Regardless of which method is used, investigating
distribution in prehistory requires an archaeological sampling strategy of sur-
vey and excavation that includes a broad range of sizes, locations, and kinds
of sites (see Plog 1977, 132-33). Without such coverage the intensity and
centralization of the distributional process are likely to be misjudged. With
respect to pottery, its fragility and patterns of reuse may make it hard to re-
solve these issues (see sec. 9.3).

- Clearly, to study the economic processes and behaviors of pottery distn-
‘bution, one must first understand its production. Absolutely essential is infor-
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Figure 6.8 *“Fall-off curves” for Savernake
pottery, showing frequency of occurrence (den-
sity) of the ware as a function of distance from
the production center: a, density or frequency
of sites bearing Savernake pottery in zones
around the production center; b, Savernake pot-
tery as a percentage of all pottery at sites
around the center; ¢, percentage of all sites in
each zone possessing Savernake pottery. The
steep gradient of all three curves is commonly
found in fall-off curves for the distribution
of coarse, bulky objects. After Orton 1980,
fig. 4.9.
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mation regarding the source of an item or the locus of production. This infor-
mation is frequently difficult to ascertain, but without data on the location,
mode, and scale of production, it is impossible to move beyond a simple de-
scription of an item’s spatial occurrence. :

Another problem is that frequency of occurrence of pottery categories, if
based on numbers of sherds rather than on estimates of the number of whole
vessels (see sec. 9.2), will vary with the differential breakage rates of the pot-
tery (Hodder 1980, 153; Orton 1980, 156—67), confounding estimates of ex-
change intensity and centralization. Finally, because pottery is cheap, bulky, .
and fragile, it is apt to circulate in different patterns than other commodities. -

Simply describing the coordinates of spatial occurrence of pottery or any
other commodity is not equivalent to understanding the processes or mecha-
nisms by which it was distributed, however. Assuming that the sources of pro-
duction or distribution bave been identified, those studying exchange pro-
cesses usually proceed by graphing the frequency of that commodity as a
function of distance from the source. Such fall-off or decay models (fig. 6.8)
graph a decline in interaction (distribution) as_effective distance from the
source of supply increases (the so-called friction effect of distance). A number
of studies have compared the shapes of the curves obtained by different trans-
formations of the data, both prehistoric and modern, to discern the variables
that act significantly on their form (Hodder 1974b; Hodder and Orton 1976;
Renfrew 1977a).

Several important conclusions have resulted from these studies. One is that
different exchange processes may produce substantially the same spatial dis-
position of artifacts, giving identically shaped curves. In other words, reci-
procity and redistribution of archaeological materials cannot be distinguished
in fall-off curves (Hodder and Orton 1976).

A second important point is that there are two major classes of curves that
reflect different categories of items being exchanged (Hodder 1974b, 179-82;
Orton 1980, 121). Goods with high value and less bulk will have relatively
broader areal distributions and hence flatter curves (their frequency declines
more slowly with distance). Bulky, low-value goods, on the other hand, typi-
cally exhibit a high frequency near their source and then a sharp fall-off in
frequency with distance beyond what may represent a day’s journey to the
source of supply. This type of localized distribution curve, which is likely to
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Figure 6.9 “Fall-off curves” for Oxfordshire
color-coated pottery, showing percentage of
the ware as a function of distance from the pro-
duction source: a, sttes obtaining pottery by
water transport, indicating a slow rate of fall-
off, b, sites obtaining pottery by overland
transport, showing a rapid decline in fre-
quency with distance. After Orton 1980,
fig. 4.11.
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be typical for utilitarian pottery, is said to represent supply-zone behavior (see
Renfrew, Dixon, and Cann 1968, 327). Differences between the two may be a
function of mode of transport, however (fig. 6.9). A third kind of curve, ex-
hibiting a2 “plateaun and kink” structure, may illustrate the exchange of items
within and across boundaries (Hodder 1980, 152).

Finally, the gradient of the fall-off curve will vary with the demographic
characteristics of the region in question (Hodder 1974b, 173). The fall-off (or
decline in frequency with distance) is less sharp in urban areas than in rural
areas and in larger centers than in smaller ones.

Questions of pottery distribution are closely related to questions of scale
and mode of production (as seen above), specifically with reference to how
much is produced and the distance between producers and consumers. Several
factors have been identified that affect the distance a given commodity can be
expected to move in exchange transactions (Renfrew 1977a, 77), and these
are of particular interest in ceramic studies. Two of the most significant
are the transportability of the product and its effective life.

The transportability of a ceramic object is a ratio of the value of the item to
its weight and to the breakage rate in transit {Renfrew 1977a, 77; see also
sec. 7.2.4). This property is clearly related to the distance vessels travel. Most
utilitarian pottery vessels have comparatively low transportability, although it
might be enhanced if their transport also took advantage of their function as
containers: the contents would increase their value. Modern tourist pottery,
" which is miniaturized, is outside the realm of these observations (sec. 15.1.1).

Other considerations weigh in the transportability factor, however, and
underscore the relation mode and scale of production have to distribution.
Peacock {1982, 99), for example, has pointed out that urban nucleated potting
industries produce a much greater variety of wares than individual workshops,
and these generally travel much greater distances, while rural nucleated in-
dustries often specialize in a single widely distributed product. Some clues to
this situation emerge when we consider the relation between agriculture and
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thes med for butk containers (Riley 1981, 136): rural rather than urban areag
ar lely to provide the demand for large containers for storing and distribut-
ing @ricultural produce. '
It'is also important to consider access to transportation. Ease of distri:
bustica and profitability may be responsible for a regional division of labor
(spexalization in forms) in Los Pueblos, Mexico (Papousek 1981, 6-7):
he 2wy but relatively costly large vessels are produced some distance from
rozads, whereas small pots (which are cheaper individually and therefore musi
be sdd in larger quantities to make a profit} are manufactured closer to roads
to pmmote distribution and commercial success.
A.econd factor in exchange distance is the use life or effective life of the
itest, which involves frequency of use, breakage rate in use (both of these
rellattto the mechanical properties of a ceramic), patterns of reuse or discard
aftterbreakage, loss-recovery rate, and patterns of deliberate burial (see also
sea. 1.3). These considerations make it clear that the bulk of utilitarian pot-
terty vill not move far from its locus of manufacture, and distribution curves,
asssuming production areas can be identified, are likely to reveal supply-zone
belhaiior. At the same time, production sites are likely to be closer to the con-
susnig markets for much these same reasons, as well as because of the gener-
all.y videspread occurrence of clays suitable for pottery making. Supply-zone
cuzrvs for domestic or utilitarian pottery doubtless represent both of these;
mechnisms, =
Cetain exceptionally strong or highly valued ceramic items may, however,
acw aprestige goods, which have been found to travel farther and have a more,
gemnth gradient in their fall-off curves. Prestige goods in general, whether ce-
ramiis or other commodities, are likely to exhibit these distributional chara
tertisics in part because usually only a restricted number of people can have or.
affZonl the item, and in part because the items may be exchangeable only for 2
resitrited class of items that are also scarce or prestige goods (Renfrew 1977a,
76-—T1N. It is possible, however, to get.a distorted curve in which low-value
go-odk (such as pottery) exhibit high-value curves because they are obtained
cornmection with long-distance special-purpose travels, as in the case of Marigat
po-ttey in the Baringo District of Kenya (Hodder 1979, 19, fig. 7). ;
#Sadal and demographic factors provide additional complications that argue;
againt simple relationships between levels of trade and distance. Where pot-
ter'y & not strictly speaking a commodity and its manufacture is purely a
hemsiold replacement activity, trade plays little or no role in spatial dispos
tio:n o the wares. Among the Fulani, for example, pottery stays in the same
quzrtr of the village in which it was manufactured and “‘rarely travels mo
thomn, 100 meters between producer and consumer” (David and Hennig 1972,
217). ind among the Shipibo-Conibo it was found in a census of twenty-five.
homsolds that only 4% of 325 vessels were manufactured outside that house:
holld DeBoer 1984, 354). Migration is yet another complicating factor in at-
termping to assess the presence and level of trade from distributional data,
alowns In societies with relatively unstable membership—for example, women:
(potizs) moving in and out on the basis of marriage or other relationships—i
many le difficult to distinguish traded vessels from locally manufactured ves:
selis o nonlocal styles (David and Hennig 1972, 27; see also Phillipson 197
citezdin Hodder 1978, 259),

6.4 Variability in Ceramic Products

Because in many prehistoric contexts the nature of the archaeological record
does not accommodate direct investigation of the scale and mode of produc-
tion, these arrangements have to be approached indirectly. Archaeologists
could turn to other criteria, for example, those used ethnographically, such
as the amount of time spent practicing the craft, receipt of payment for the
product, and so forth, but of course these have no potential for direct archaeo-
logical measurement. Instead, archaeologists have most frequently turned to
various procedures based on variations in the output—pottery vessels or frag-
ments. The idea is that variability in pottery encodes information on the
strategies of production (Rice 1981) in much the same way as pottery decora-
tion can be viewed as a stylistic code reflecting other structural—primarity
social—behavior involved in production and use (see chap. 8). Looked at an-
other way {Redman 1978a, 173), production is a process of variety gen-
eration, whereas *“consumption” (purchase and use) is variety selection; to-
gether these create cultural patterns distinctive of different sociocultural
arrangements.

The underlying principle in this inferential process is that variability in the
three components or kinds of specialization—locus, personnel (intensifica-
tion), and resource——is reduced or regularized in different productive medes.
This means that fewer craftspersons use selected resources and produce more
vessels for a larger corpus of consumers; simultaneously, the time and labor
investment will be diminished so that all steps of manufacture will be rou-
tinized. In other words, there is a gradual development toward locus, person-
nel, and/or resource specialization. What is not clear is whether there is a
tendency for one to happen first, or for differences in them between household
and workshop production. Variations in resource selection, processing, form-
ing, finishing, and firing will diminish in response to considerations that are
referred to in modern manufacturing as cost effectiveness and quality control,
leading to more uniform or standardized products. Unfortunately, the degree
of product standardization in household versus workshop industries has not
yet been investigated ethnographically so as to test these propositions.

A related idea is “technological styles™ (Lechtman 1977): experience and
custom combine to establish a body of information and practice governing the
manufacture of pottery vessels, from choice of resources to procedures of
shaping and firing, resulting in a characteristic final product with a unique
range of properties. (Rye’s [1981, 5] comment that *“Technological traditions
are recognized from high correlations between process sequences’ is also
relevant here.) This final product will ultimately be one favored by consumers;
producers may alter their procedures to conform to the preferences of specific
consuming groups and thus maintain a market (Crossland and Posnansky
1978, 88). '

Stadies of variability in pottery as well as other artifacts owe their primary
debt to Clarke (1968), one of the first archacologists to provide explicit and
thorough treatments of both the description and interpretation of patterns of
artifact variability. The major concepts around which studies of pottery vari-
ability have been organized are standardization and diversity. These concepts
reflect two ways of systematizing the dimensions of variability in the ceramic
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Figure 610  Stacking of Roman provincial bowls, aided by flanges and ridges on the outsid
After Rédander 1968, fig. 7.

prod uck of a society so they can be interpreted within a broader framework of

ideas wincerning socioeconomic systems.

Stsanardization refers to a reduction of variability and has implications foij
all te conomic spheres in which a commodity participates: production, dis-

tribu fio, and use. Standardization can be considered in terms of all aspects
of th.e pttery manufacturing process, including resource selection, proces

ing, “foming, finishing, and firing as well as the organizational aspects (scale

and rmwie). Highly standardized products imply that production is carried out

by insdiiiduals utilizing a limited range of materials and somewhat formalized

or rawinized techniques that result in virtually identical products, such as

mass. poduction or the use of molds (see Peacock 1982, 121-22, citing

Gouclimau 1968, for a discussion of this in production of Arretine Samian
potteary] Standardization of production does not necessarily mean that only.
one kini of pottery is made and used in a2 community; it indicates rather that
little heerogeneity in composition and appearance (form and style) is evident
withi.n ach category of pottery. :
In tems of distribution, standardization may be most important to ease

of meowment; standard-sized vessels, especially those that stack or nest well

{fig. #6.0), may be easier to transport in quantity and thus have a wider distri-
butiown (ee Rathje, Gregory, and Wiseman 1978, 171; Rottiinder 1967, 1968;
Whitrtleey 1974). Bowls of standard sizes may also imply standardized units
of meanre (Rottlinder 1967, 1968), which may in turn be important for the
distri_buion of their contents (e.g., Wright and Johnson 1975).

Wiithrespect to consumption or use, standardization of composition, tech-

nomorpological properties, and decorative styles is likely to significantly

affect th utility and popularity of certain vessel classes, governing their ac-
tual wisefunctions as well as their rate of replacement and entry into the ar-
chaeolwical record.

Diwverity is a concept borrowed from population ecology, where it is used
to desscibe the structure of an ecological community in terms of the number,

size, amd proportion of constituent species (see Piclou 1974). In archaeologi- -

cal asiseablages, diversity means variability not in the properties of individual
sherd:s it in the numbers and frequencies of different categories of pottery,
- which may be taxonomic units. form classes. decorative stvles. and so forth.
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Diversity is a statistical measure akin to “variance‘,” which Slimmari’zgs tﬁe
2d and amount of variation around -a mean; in this case thf: meary” is the
nstitution of an assemblage. The variation i.s described in terms of t\:flo
components: richness, or the number of categories present, and evenness, the
jistribution of individuals within the categories. ‘
Thete is some disagreement on how diversity measures can be 'mt?rp.rete_d
4 ecology, and as in other situations where a‘coantpt 'fronll one dlsc1plm§ is
iransferred into another, there is danger of mlsapp'hcatlon in .anthropologxca]
snd archacological studies. An additional problem is san{lple size: a large total
siumber of vessels or sherds is required if the calculations are to be mean-
ingful. Otherwise, as in any sampling procedure, rare categories may be
iinderrepresented, distorting the picture. Finally, there is ti}e problem of as-
sessing whether differences in diversity indexes are statlsn.cally. and behav-
iorally significant. These problems aside, the potential of diversity measures
for ceramic studies has still not been fully realized (Rice 1.984a). Amopg
the possible interpretive frameworks are access to resourf:es; pagterns of dis-
tribution; and assemblage variability between time Rerlofis, sites, 0}' sttb-
complexes (e.g., functional or status). The general view in ecology is that
more complex communities exhibit greater diversity, and this may be true of
archacological assemblages as well. o
Although there has been little explicit use of the concepts of standardlzatfon
and diversity in archaeology until recently, in studies of pottery production

© they have been used in efforts to understand speqialization (Rice 1981, 1984a;
* Toll 1981); diversity has also been employed in studies of pottery styles (see

sec. 8.3.3) and to characterize the assemblages of households of differgnt
socioeconomic statuses (Deal 1983, 269—309; Rice 1984a). In addressing
specialized production, the premise is that a small number of skilled.pn')ducers
manufacturing pottery will adhere to a greater or lesser extent .to principles of
cost effectiveness, quality control, and mass production, leading to homoge-
neity or standardization of the products. The attributes relating to teck?nology
will be less variable where there are few choices available in selecting and
processing resources and in firing the products, in the interest of cost effec—
tiveness and quality control. Attributes of form will also be lt?ss vapable
where molds or other devices are used used for forming and shaping umforr_n
vessels and there is an otherwise restricted range of techniques :amd economi-
cal motions to produce quantities of pottery per unit of labor _mput. Again,
considerations of cost effectiveness and quality control will be important.
Attributes of decoration or “style” are less likely to conform to th.ese prin-
ciples, however, because they are responsive to a broader set of somall, ideo-
logical, and aesthetic concerns that may not be influenced by economic con-
trols at all (see sec. 8.3.3; Adams 1979; Rice 1984b). On the other hand,
standardization may be envisioned in terms of gestures and brush:strokes and
the efficiency of execution of a design, as it has been in the Amerlcan .South—
west (Hagstrum 1985). Stylistic attributes may be standardlz'ed, f)r instead
they may be greatly elaborated, with increased variatioq and diversity. .
Different production arrangements may exist for different categories of

pottery (see Vince 1981; Brisbane 1981). That is, so—call.ed elite war'es—
pradiete with hich valne enecial function. low consumption, or restricted



distribeutbn—may participate in all spheres of economic activity (production,
distribeutthn, and use) in a very different way than utilitarian wares (those with
low vwlwe, high consumption, and wide circulation). Standardization and
mass prefuction may be encountered in the latter, whereas the former may be
more wulierable to the changing preferences of entrepreneurial or administra-
tive austhirities and thus more variable. Differences in labor intensity may also
distingswiih these two categories (Feinman, Upham, and Lightfoot 1981).

Altinowh these procedures for measuring variability do not directly address
scale amndmode of production, they are efforts to utilize more fully the enor-
maous squntity of information about pottery production that is encoded in a
sherd. Hypotheses about standardization and diversity should thus be sen-
sitive tto wtput variations of household versus workshop production. In addi-
tion, Lhey should be suitable for assessing variability in the kinds of spe-
cializa i associated with each mode: ocus, personnel, and resource. These
propositing concerning standardization, diversity, and specialized craft pro-
ductiom lave only begun to be tested, however, and it is not yet known how
well they conform to ethnographic reality or retrodict prehistoric arrange-
ments. This can come only from ethnographic testing, but to date there has
been likeffort to employ standardization and diversity measurements in eth-
nograpehit research on ceramic production.

6.5 Sunmary and Conclusions

Surprisimly little ethnographic research has addressed pottery economics, so
it is difffialt to formulate congruences between the data of prehistory and the
ethnografic record. Enough has been accomplished, however, to require
some czauions about applying the observations and models outlined above.

Firstt, nuch of the information available on contemporary pottery econom-
ics comcens the relation between potters and modern nontraditional market
economis, which are often tied into international tourism (see chap. 15).
Care mued be taken in using these data as analogies to prehistoric situations,
particuiaty in areas distant from urban centers,

Seccnd the full range of any society’s production, distribution, and con-
sumptisonrelations cannot be reliably characterized by a single product, so
those dlesribed for pottery do not necessarily hold true for other sectors and
goods in he economy.

Thirsd, he models of production and distribution described here are heuristic
categorries. In real life the arrangements will differ from community to com-
munity - orpotter to potter; any given area might exhibit workshop and house-
hold pmodiction side by side and have consumers traveling to some potters
while cother potters market their wares through middlemen.

Four-th,the tendency to confuse place with process must be avoided. This is
evident:, fir example, in a failure to distinguish between market and market-
place, ssit: specialization and producer specialization, and spatial distribution
(oceurreme) and distributional mechanisms of exchange.

Fifth, i must be recognized that much economic behavior is informal and
sporadiic;for example, various kinds of redistribution or household produc-
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tion. Such behavior, if not invisible archaeologically, is at least hard to isolate
and verify.

Sixth, these constraints make the study of pottery production, specifically,
a tenuous proposition. The absence of abundant workshop evidence in many
areas and a lack of middle-range theory to bridge the gap between archaeol-
ogy and ethnography render matters all the more difficult. The tota] picture of
pottery economics is very much conditioned by the scale of production, and
many of the variables of scale are largely invisible in the archaeological
record. Thus, while the presence of pottery in an area indicates that pottery
production or distribution, or both, was carried out relatively nearby, under-
standing the organization and scale of those activities often depends on an
indirect strategy of studying the ceramic products (or fragments of the prod-
ucts) rather than directly examining the producing units themselves.

Object- or product-oriented ethnoarchaeological research is fairly common
in some aspects of pottery style analysis (see chap. 8); the motifs and struc-
tures of pottery designs are seen as encoded behavioral information that can
be used to infer social and cultural processes. But similar models have not yet
been developed for explicitly interpreting the behavioral information encoded
in the technological variables of pottery in terms of pottery function (chap. 7)
or production organization. Given the frequency with which an output- or
product-based strategy must be adopted by archacologists studying pottery
production, it is all the more imperative to have a variety of comparable stud-
ies of the ceramic manufactueres of contemporary potters.
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Objects fashioned wholly or in part from clay have served a v.vide va.lriet.y of
human needs past and present, from sewer pipe to spacecraft 1nsu]at1?n. But
the broadest and most fundamental use of clay has been in contamers'—
pottery vessels. Pottery containers may be used for carrying liqui.ds, storing
dry substances, or heating contents over a fire. Each use places different d‘e-
mands on the vessel, and so its suitability for a particular task depends on its
design, in an engineering as well as an artistic sense.

This chapter treats pottery vessels serving as containers, whose morpho-
technological characteristics—their attributes of shape and technology—‘are
closely related to their suitability for a particular activity. Othffr clay objects
such as toys,' candlesticks, roof tiles, figurines, tools for certain tasks (e.g.,
spinning), and containers such as burial urns, flower vases, chamber pots,
cache vessels, and other special-use ceramics are excluded because the vessel
itself rather than its morphotechnological properties is of primary concern.

The discussion of form, technology, and function is based on the decimqns
potters make to modify properties toward particular kinds of uses. Real-life
production behavior involves complex decision making in the face of uncer-
tainty regarding variables and outcomes; it aims to minimize risk fmd accom-
modate any number of tangible and intangible considerations. Choices may be
rational, but they are not always clear~cut. Thus the principles ar§d relation-
ships outlined here do not constitute rigid recipes for pottery making; rather,
they form a hypothetical menu from which various selections may be strate-
gically combined accorclmg to particular requlrements and needs to create
durable and pleasing wares.

7.1 Vessel Function

Ceramic vessels have served a variety of nonculinary purposes for ter} thou-
sand years.or so, but it is in domestic and culinary roles that their functions as
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coutwiers can be addressed most broadly and comparatively, both throug
time ard over a wide geographical area. In these activities the full spectrum
cultrurd and technological factors underlying the choices involved in manufae
turimg: vessel is brought into play.

7.1. 1. Kinds of Vessel Functions

callexd fcilities (Wagner 1960; cf. Qswalt 1973; Lustig-Arecco 1975). Facili
ties Contain or restrain the movement of their contents and include such thing
as corrls, granaries, and baskets as well as pottery. Facilities are not neces

contreolkd requirements of the containers and the characteristics of design that ;
will axcoommodate them, Many issues enter into the relation of design to func-
tion: +(1)whether the contents are liquid or dry; (2) whether the contents are
hot o cild (or whether heat is to be applied to them in use); (3) frequency of -
transmctons, that is, access or movement of goods into or out of the container;
(4 durgion of episodes of use (especially in storage); and (5) distance (in
transier). Other concerns include whether a hand or utensil must be put into
the coantiner, whether the activity/function is tended (watched, manipulated) -
orunasttaded, and the volume of the goods being stored, processed, or moved.
Figure 11 diagrams these considerations in the three main categories of
use— strage, processing, and transfer.

Thes= min disadvantage of pottery is its fragility: pots are easily broken if

dropped or accidentally struck. Aside from this vulnerability to mischance,
howeyrer, vessels of fired clay are well suited to a variety of functions. For
Storage, hey are longer lasting and more durable than other kinds of con-
tainers:, sich as baskets or gourds, and more suitable for holding liquids.
Simila:rly, they are more resistant to destruction by rodents or insects, as well
as to moiture, than these other kinds of containers, and they can be sealed to
preven't vrmin from damaging their contents. In processing activities such as
mixings, vaking, and grinding as well as in domestic and industrial activities
involviingheat, such as cooking, pottery again has advantages over other con-
tainers.. Pts can hold liquid contents, they can be set directly into a fire with-
out bei ngdestroyed, and their rigidity allows them to withstand considerable
agitation of the contents without damage or deformation. Transfer may be
over shorn distances, as in presenting or serving (and eating) food, or long
distancess, where the vessels have an implicit storage function. For long-
distances novement, pottery 1s in principle likely to be preferred only for
carrying lquids; for dry goods, baskets function as well and have the advan-
tage of beng nonfragile and lightweight,

Liquid Water, cil, wine, beer

=1 Short form

Grain, seeds, herbs, salt

STORAGE

| Liquid Qil, wine for shipping, aging; water

] LONg term

I.._.. Dry Graln, herbs, seeds

r—'__l_—lm Boiling. Lamps,
Simmering

p==q With heaat

Baking (ovens); hraziars, wmnsars

Teasting, parching

PROGESSINBI

Mixing, washing

—

Without

heat
|

Soakiag

Mixing, pounding, grinding

Sun-drying

(impractical)
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Long
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Hot {dmpracticail)

L.{ Cold I (impractical -- use baskets)

.:B- Serving, eating
Liquid

‘—-! Cold I Water carrying; serving, eating
.| Short

TRANSFER distance Hot Serving, eating

Serving, eating

Fult

Dry

Empty

Figure 7.1 Categories of vessel use.

Each category of vessel use requires a different combination of attributes of
form and composition to achieve a product that meets its special needs. But
many vessels have multiple uses; for example, the same vessel may b.e em-
ployed for carrying water and storing it or for preparing food and eating it.
Thus vessel designs must accommodate the sometimes conflicting demands of
different uses, within the limits imposed by the resources available.

Many of the problems of understanding vessel functions, particularly for
archaeologists, relate to definitions. Established categories of vessel forms
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and uses,such as cookpot and storage jar, are often vague and overlapping, so

that fomnm and functions are inextricably linked in terminology. Of interest-

here arv essels whose morphotechnological properties are in large part cru-

cial to thir containment functions. They are frequently described in the

archaeolarical literature as utilitarian, functional, domestic, subsistence,
coarsewar, or plainware categories of pottery. None of these terms is entirely
accuratie, however.

All potery has some function or utility; the terms utilitarian and functional
are ususally used for contrast with elite, ceremonial, nonutilitarian, display, or
special -purpose pottery. Elite pottery is usually found in smaller guantities
than ut.iliarian pottery and is typically more finely made and more elaborately
decorared (labor intensive). But even pottery for cooking and serving food
may al=o unction in display, testifying to the potter’s skill in providing utensils
and ad.orment for her home (e.g., Balfet 1965, 163). Fortunately, the ten-
dency :forarchaeologists to see pottery decoration and style as lacking func-
tion is quckly disappearing (see chap. 8). :

The tems domestic and subsistence are also unsatisfactory for this pottery,
thoughu tley are less objectionable than the others. Pottery containers may
have hsada variety of quasi-industrial or manufacturing roles; for example, in
salt makitg (Charlton 1969), dairying, or metallurgy (as molds or tuyeres), in
additiosn 0 serving as pipes or lamps. These would have had similar techno-
logical. ormorphological requirements, since all are used over a fire to contain
liquidsz, jet these are not direct subsistence uses. One can make functional
inferemce: from the ceramic properties, with only a small shift of analytical
perspewctiie from domestic to nondomestic arenas.

Perimap a better term for the pottery containers of interest here is tech-
nomic—-elating primarily to technological and economic realms (Binford
1962a)p. Utilitarian or technomic pottery constitutes the bulk of the pottery
recove ret from archaeological sites as well as most of the utensils inventoried
in ethmogaphic surveys.

7.1.2  Tetermining Vessel Function

Potterw ontainers come in all shapes and sizes, and each food item or oc-
casion of preparation may have its own vessel or set of vessels in a well-
equippedhousehold. In ethnographic situations, determining their functions
is a reslavely simple matter of asking questions and recording observations
(see allsosec. 9.3.1.1). This vessel is used for boiling beans, that one is for
carryimgwater, this one is for drinking, that one for storing grain, those others
for co-mnunity beer-making festivities, boiling rice, toasting manioc cakes,
simmnezrig sauces, grinding condiments, and so forth. In archaeclogical con-
texts, Thovever, the matter is not so simple. Archaeologists have used a variety
of abs erations or strategies to permit some general statement about the uses
of the vasels they recover in excavation.

One= knd of data consists of written records, such as documents, invento-
ries, apdethnohistorical accounts; painted and sculptural art, such as that of
the NezarEast (Porada 1984) or the Maya (Benson 1974), may also show pot-
terv veeels in household or ritual use.
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A second and more traditional basis for hypotheses about function is the
archaeological context of recovery. If a pot is found in a burial or a cache, or
on a living surface in association with a cooking fire or with its contents in-
tact, the function of that vessel—at least at the time it became a part of the
archaeological record—is fairly clear. The availability and reliability of this
kind of information are consequences of the strategy employed in excavating
any site rather than the skill of the ceramic analyst, however, and so will not
be further treated here. Moreover, such an approach is of little use in dealing
with the enormous volume of broken pottery recovered from midden debris or
other ambiguous contexts.

A third approach to ascertaining prehistoric vessel function is through eth-
nographic analogy, experimental archaeological studies, and inference (see
chap. 5). Analogy and inference are applied to problems of pottery function
in three typical ways: on the basis of form, through technological characteris-
tics and experimental usage, and by the presence/absence and location of
decoration.

Finally, a variety of analytical procedures can be used to examine residues
on or in the walls and pores of vessels, thereby determining their contents
and uses. '

7.2 Vessel Form: Relating Form and Function

One of the most long-standing but nonetheless inexplicit relationships in the
field of ceramic studies is that between the form of a vessel and its function.
Just as a chipped stone tool with a point and a long sharp edge will often be
called a knife by analogy to the shape and usage of modern knives, so a low,
open ceramic vessel will be called a bowl by analogy to the bowls in modern
kitchens. The differences between this bowl and another vessel that by the
same reasoning might be categorized as a jar are not always well understood
and are often contradictory, but they provide a descriptive and predictive
framework for establishing what a particular class of prehistoric vessels look
like and how they may have been used.

Although the form/function relationship can be subsumed under a broader
statement of interactions between morphology, or structural characteristics,
and functional roles—an interaction that is also evident throughout the bio-
logical sciences, for example——in ceramics this linkage has not been thor-
oughly explored. Most of the attempts to deal with the issue have done little
more than decry the ambiguity or regionality of terms used for vessel shapes.
Examples of such exotic regional terms are aryballus, tecomate, pithos,
krater, and mortarium, used in South America, Mesoamerica, the Near East,
Greece, and Britain, respectively. Though these terms are specific and pre-
cise, they may not convey any information to an audience outside those imme-
diate areas.

The application of more familiar or generic terms such as bowl and jar in-
troduces a different set of problems. One is that these terms tend to ascribe
a particular function without clear indications that such was the vessel’s in-
tended use. Terms such as storage jar, cooking pot, and serving bowl leave
Hitle danht a< ta their sinnosed nse. but thev reinforce the implicit association
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of form nd function: each of these binomial terms combiries a use category

with aslape category.

Ancthkr problem with familiar terms is their subjectivity. In the absence of

explic it riteria, it is often difficult to distinguish between a bowl and a basin,
or betwen a jar and a vase. As a result, these common terms—which carry
signifi-cait weight in describing the appearance of the vessels in question and
infertiingtheir use—are often useless and imprecise. Still another difficulty is
that msary complex vessel shapes defy labeling by these familiar terms.

7.2.1 Anaiomy of a Vessel

Any cermic vessel form can be described or characterized in a number of

ways, usially with explicit or implicit reference to particular parts and their
propomtins. Most simply, a vessel has three essential components: orifice,
body, ani base (fig. 7.2a). These are significant in terms of the construction;
function,and possible decoration of the vessel, and their relative proportion
determin: its overall shape category. '

The by of a vessel (sometimes called the belly) may be defined as the °

portiorn ketween the orifice and base that includes the maximum diameter of
the vessel or the region of greatest enclosed volume. Figure 7.2b and d show
forms inwhich the maximum diameter is at or near the midpoint of the height
of the vesel. Figure 7.2¢ shows a vessel with the maximum diameter at the
orifice;; tis does not pose an identification problem, however, because the
body ies sill that portion of the vessel whose walls enclose the greatest volume
betwee=n wrifice and base.

The o1fice, or mouth opening, of a vessel is subject to a great deal of elabo-

ration, nnich of which is functional. One of its most important characteristics is °

its relastin to the maximum diameter of the. vessel, If it is equal to or greater

than tme naximum diameter {fig. 7.24, ¢), it is described as an unrestricted -

orifice.. Ifit is less than the maximum diameter, it is called a restricted orifice.
On a resticted form, with the maximum diameter below the orifice of the
vessel, th region between the point of maximum diameter and the orifice or
neck iss te shoulder or upper body of the vessel (fig. 7.2d). Sometimes the
point ®f naximum diameter alone may be called the shoulder. The area be-
tween Rhepoint of maximum diameter and the base is the lower body.

Not alivessels have such simple contours, however; often they have com-
plex sihaps set off by curves or angles, especially at the orifice. Also, the
orifice miy be raised and extended into a neck or collar, which affects the
proporstiais of the vessel. A neck is a restriction of the opening of the vessel
(fig. 7..2¢ f), beginning above the point of maximum diameter of the body,
that is, atsome point on the shoulder (see also Shepard 1976, 230, for discus-
sion of iddependent restricted vessels). A collar, on the other hand, usually
begins athe point of maximum diameter (or at a slight restriction very close
to it), ani does not significantly reduce the orifice opening relative to the
diameteer of the body (fig. 7.2g, k). Collars typically join the body at an angle,
while meds may join with a curve or an angle (see below). Either the base of
the neck r collar or its point of maximum restriction may be called the throat.
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The third region of a vessel is the base, sometimes called the foot. The base
is the underside of a vessel, touching the surface it rests on during normal use.
Although this is self-evident for flat-based vessels (fig. 7.2¢, d), for round-
based vessels it is hard to distinguish the base from the side. The juncture may
be marked by 2 slight change in curvature between the side walis and the
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Figure 7.1 Lip and rim on various bowl and
plate forrs.

undersid: or base (fig. 7.2k), or a distinct angle may differentiate them (fig

7.20). Inthe latter case, even though the entire lower portion does not touch:
the surfae, it is still called the base. A problem arises if the proportions of the

vessel. ar changed (e.g., compare fig. 7.2i with 7.2/), altering the definition
of compinents.

Thesthee vessel zones—orifice (includin g neck or collar), body, and base—
may be¢ daborated, but because these modifications do not distort the primary

shapes of the vessels or their proportions, they can be thought of as secondary
form waiations. They often have important utilitartan as well as decorative

functiaors, however, and secondary does not imply insignificant.
The= cifice, for example, whether restricted, unrestricted, necked, or col

lared, noiy be described in terms of two secondary form characteristics, the :

lip anad te rim (fig. 7.3). These two terms are often used interchangeably,
because he point where one ends and the other begins is not always clear. The
lip its=Ifis easy to identify, being the edge or margin of the mouth of the ves-
sel; it miy also be described as the edge of the rim of the vessel. The lip is
thus a pat of the rim, but precisely defining and differentiating the two is a bit
more clificult. The rim is easily distinguished only when it is articulated—set
off by a wrve or an angle from the wall or neck of the vessel (fig. 7.3b, ¢).
Wheres sich a change exists, the rim is the area between the change of orienta-
tion off #fe lip {the margin) and the side or neck of the vessel. A direct rim
{e.g., fig. 7.2a, ¢ and 7.34), in contrast, has no change of orientation be-
tween thtwall or neck and the lip, and the lip and rim are equivalent.

An adlitional category of secondary form or shape attributes includes
flanges arridges and appendages. Flanges and ridges are bands or projections
that exxterd out from the vessel wall (e.g., fig. 6.9), differing in degree Of
projecttion {flanges are greater than ridges). They are usually added to the wall
of a fully shaped vessel rather than being part of the wall and its contours,
and maositypically (though by no means always) they run around the circum-
ference. Appendages or attachments are primarily of three kinds: vesse} sup-
ports (zalv called feet) applied to the base; handles applied to the body, neck,
or collar;and spouts applied to the orifice, neck, collar, or body.

Eachy 4 the primary and secondary anatomical zones or features described
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' above-—neck, collar, rim, lip, wall, base, flange, supports, handle, spout—
: niay be further identified by a series of terms that describe the patticular ap-

pearance of the feature or its relation to other features. In other words, each of
these zones or features may be considered an attribute or variable of a vessel
and described more specifically in terms of the possible states or conditions in
which it may appear (see, e.g., Redman 1978a, fig. 8.6). Particular kinds of
rims or bases or flanges—not simply their presence or absence—may be of

“functional, stylistic, chronological, and social/ethnic significance in distin-

guishing the makers and users of different kinds of ceramic vessels. Because
the variations of orifices and rims are usually given chronological and cultural
significance, archaeological ceramic reports typically devote a great deal of
space to illustrations in cross section, called profiles (as, e.g., in fig. 7.3a—¢).

7.2.2 Description of Form

Vessel components and their proportions provide the basis of several descrip-
tive systems for overall forms. One is a simple use-oriented system similar to
that applied to modern culinary apparatus; another includes classifications
based on solid geometry. The categorizations discussed here are explicitly re-
stricted to shape; more general discussion of pottery classification is found in
section 9.1,

7.2.2.1 INFERRED USE CLASSIFICATIONS

Pottery manufactured and used in contemporary communities may be classi-
fied according to categories recognized and applied by its makers and users.
These ethnosemantic or folk classifications (sec. 9.1.2) are based on complex
consideration of size, shape, and customary use, and they often emphasize
functional attachments such as handles or spouts (Kempton 1981, 46).

Similar use classifications are known from historical documents (e.g., pro-
bate inventories), which list vessels by name as well as by function, but many
of these names—pipkin, for example—are no longer in modern use. There
have been several attempts to standardize and clarify vessel-shape termi-
nology (e.g., Fournier 1981, with concordances of terms in English, Spanish,
and French; Balfet, Fauvet-Berthelot, and Monzon 1983: Castillo Tejero and
Litvak 1968; Theuvenin, Bullen, and Sanoja 1970). A number of non-English
terms for shape or use have entered the English-speaking literature on pottery;
for example, cazuela and olla are common in the southwestern and south-
castern archaeological literature. Other vessel category names seem to be vir-
tually universal—at least in English—and though they have important func-
tional implications, their definitions are remarkably imprecise.

Although functional attachments are important in categorizing vessels, use-
related classifications of vessel shapes by anthropologists and archaeologists
are most frequently based on ratios of height to maximum diameter and on
kind or size of orifice (e. 2., Smith 1955, 4; Millett 1979a, 37; Longacre 1981,
34; Henrickson and McDonald 1983, 631-36; Kempton 1981, 46). The
height of a vessel includes the body plus any neck or collar but usually does
not include basal supports. The diameter is the maximum diameter of either
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form in the southeastern United States, would not be calie(_l a jar because it
has no neck. The vessel in figure 7.4, considered a jar form in the South_west—
ern United States, would be a bowl (its height is over on?—thlrd the maximum
- diameter but not equal to it) had not the *“no neck” qualifier been added here;
- to the definition of a bowl. If jars must have necks, then there can be no neck-
' less jars, however, and what are the vessels in figure 7.4¢ and e?

Alternative terms for these vessels are vase, flagon, a‘tnd beaker. A vase
(fig. 7.4¢) is a restricted or unrestricted vessel with a height greater than its
maximum diameter. Vases may or may not have restricted orifices, but their
heights must be greater than their diameters. Can vases havg necks? If they
cannot, then figure 7.4k (a florero in Mexico) is not a vase; if they can, tlTen
how might necked vases be differentiated from necked jars? Usefl_ll alterfzatlye
terms are flagon, *a vessel with a neck very narrow ir} comparison Vt.’lth _xts
height and girth,” and beaker, *a vessel whose height is greater than 1ts. rim
diameter; and which is of suitable size and shape for drinking from” (Millett
1979a, 37). _ _ .

The principle of classifying vessel shapes by ratios of height to diameter is
clearly a good one, and further utility could be built into these systems_ by
expanding the principles to include additional ratios of body to neck height
and overall vessel size or volume. Some problems remain, however. F_or ex-
ample, a scattergram of the relation between height aqd rim _diameter in 250
complete Romano-British vessels showed that flagons, jars, dishes, _and bowls
could be easily separated, but beakers could not be clearly differentiated from
jars (Millett 1979a, 37 and fig. 12). _

An alternative classification has been used on historical period pottery of
the eastern United States (Beaudry et al. 1983) and divides vessels into fiat-

f i

Figure .4 Vessel proportions {as ratio of
height 1o dimeter) and shape categories: a,
plate; b, dig; ¢, bowi; d, bowl; e, vase; f, jar;
&, necklmssiar with diameter approximately

vase; h, florero, with a restricted orifice,
which couid be classed as a Jar; I, jar with
height 66% of diameter, which would be
classed as a bowl but for the neck.

70% of Eeiht, which could be classed as a

the bod.y « the orifice {in an unrestricted form), excluding appendages such
as handles spouts, or supports,

One wf hese classificatory schemes (Smith 1955; Sabloff 1975, 23), used
rather czommonly among Mesoamerican archaeologists, includes five vessel
forms: plze, dish, bowl, Jar, and vase. Plates and dishes are both shallow

fifth its muximum diameter; a dish (fig. 7.4b) is slightly deeper, having a
height nor than one-fifth but less than one-third of its maximum diameter. A
bowl (fig.7.4¢, d) may have a restricted or an unrestricted orifice and is
deeper s:till its height varying from one-third the maximum diameter of the
vessel up tequal to the diameter. An important modification of this relatively
standard ddinition is that bowls may have collars, but they do not have necks.

It is ima idntifying Jars that definitional issues become inconsistent and diffi-
cult to peutinto practice in this scheme. A jar (fig. 7.4f) is a necked (and
therefores ratricted) vessel with its height greater than its maximum diameter
(see also Skepard 1976, fig. 21k~q). If this definition is taken strictly, how-
ever, it beecimes very difficult to classify any number of forms known ethno-
graphicallyor archaeologically. For example, figure 7.4¢, a common large jar

ware (such as plates) and hollowware (those that enclose their contents). {%b—
solute size or volume criteria are used to differentiate many of the categories.
By this scheme a saucer can be distinguished from a plate and a dish l?y abso-
lute diameter: a saucer is Iess than seven inches across, while a plate is seven
to ten inches and a dish is greater than ten inches. Similarly, a cup can be
differentiated from a drinking pot by volume: a cup has a capacity of less than
a pint, while a drinking pot holds from one pint to two quarts. Th.e names as
well as the uses of these historical period vessels were known (a nicety rarely
granted prehistoric archaeologists), but even without this advantage. the scheme
provides a basis for standardizing a number of common terms in both f-,th-
nographic and archaeological literature, such as mug, bottle, pitcher, jug,
and basin. _

At first glance it seems desirable to have some agreement and st'andar.dlza-
tion of form terminology, particularly for the almost universal but disturbingly
vague categories of bowl and jar. Specialized shapes occur virtu'fnlly every-
where, however, and often have unusual features of proportion, size, or ap-
bendages. There is no reason these localized vessel form classes—for ex-
ample, a juglet or a canteen—should be forced into attempts to create a
standatd or universal scheme of vessel categorization.

7.2.2.2  VesseL CONTOUR CLASSIFICATIONS o
Another system or set of systems of shape classification is based on vessel
Contours and proportions and eschews quasi-functional terms such as jar and
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~tnd point

cumference, while another uses a grid superimposed over the vessel profile
(Shennan and Wilcock 1975, cited in Orton 1980, 40-42).

—<¢orner
point

. end point

——and point
@ ——corner point

“~end point

7.2.2.3 GEOMETRIC OR VOLUME CLASSIFICATIONS

Other approaches to classifying vessel shapes are based on volume or geome-
try. These classifications make reference to geometr‘ic shapes: three solids
(sphere, ellipsoid, and ovaloid) and three surfaces (cylinder, cone, and hyper-
boloid), the latter having no defined end points or dimensions (fig. 7.6).
These shape classifications may be used for restricted or unrestricted vessel
forms; the orifices of any of these forms may have a neck or collar added,

inflection
_~infle .
/lnﬂectlon point

point TT-coraer point -
—end paint corner .
g ™ oint “~inflection
point
e f

Figure 7.5 Characteristic points of a vesset profile.

Geometric _
Shape Restricted Unrestricted

SPHERE

bowl (Siepard 1976, 225-36). Shapes are differentiated by “characteristic
points™of curvature or angling of the vessel contour; structural terms, princi- -
pally otfice characteristics; and reference to geometric solids and surfaces.
These= chssificatory organizations can be either used separately or combmed
into axn shgle construct.

Wi thiegard to the first criterion, four “characteristic points” determine the
contoers of a vessel sithouette or vertical section (Shepard 1976, 226). For
exarnpple end points (fig. 7.5a, b) are the points at the top and bottom of the
wall s:illouette, marked at the mouth and base; tangent points are points where
the tamgmnt of curvature of body or neck or both is vertical. Two of these char-
acteri:stk points are of particular interest, the corner (or angle) point and the :
inflecstior point. A corner point (fig. 7.5¢ f ) is an abrupt change in the orien-
tation ofa vessel wall, or a distinct angle in the joining of vessel parts such as
neck ant body. The join of wall to base acts as a corner point only if the base
rises to pin the body; otherwise it is simply an end point. An inflection point
1s the puint on the vessel silhouette marking the change of direction of cur-
vatures ol two parts of the vessel (fig. 7.5d); it lies between two points of ver-
tical tzngncy.

Corna and inflection points provide a basis for the structural classification
of vessd contours (Shepard 1976, 231-32), which may be described as
simple, womposite, inflected, and complex shapes. Vessels with simple con-
tours oor ilhouettes have a smooth, uninterrupted straight or curving wall; they
lack ange and inflection points (fig. 7.5b,¢). Composite silhouette vessels
have @ sngle corner point (fig. 7.54,¢,f), and inflected vessels have a single
inflectzion point (fig. 7.5d). Complex contoured vessels have two or more cot-
ner posirts or inflection points or one or more of each (fig. 7.5g). Bowls may
be desscrbed within any of these categories. Necked vessels cannot be simple;
they atealways either composite, inflected, or complex, while collared ves-
sels maybe composite or complex.

Ves selcontours may also be described by several mathematical procedures
that meuak: them amenable to coding or statistical treatment. One such scheme

18 Basead i meaciireamente alang o cariao Af st ommtal ©oliane®® aueseiom e shom mde
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Figure 7.6  Geometric solids and surfaces as  tions of other shapes to form necks, collars, or
Teferences for vessel shape description; sec-  bases of composite or complex vessel forms.
tions of these shapes mav combine with sec-  After Shepard 1976. figs. 23 and 24.




which & itself a section of a geometric form. Thus not only simple but also :
comppoite and complex vessel shapes can be described by their geometric
equirvaknts,

The iyperboloid gives rise to vessel or neck contours that curve inward or
outwrard, while out- or in-slanting walls represent sections of cones. Cylinders -
are a:lwys vorestricted forms. Spherical forms are often called globular, es- °
peciallyjar bodies. The ovaloid is the closest approximation to forms some-
times discribed ag pyriform or pear shaped. The low ellipsoid form—the
ellipssoil with its long axis in the horizontal plane—is usually thought of as
havinsg greater width than a sphere, but a cross-sectional cut through such a
vesse.l alits maximum diameter would yield a circle, not an ellipse. With low,
unresi trited bow] or dish forms, it is often difficult to determine which of the
convezx brms is represented: sphere, oval, or ellipse. In such cases it may be
clearer smply to label the form semispherical or subspherical than to specify
a particilar geometric solid.

The aialogies between vessel shapes and geometric solids or surfaces pro-
vide = bisis for describing vessel forms. One such scheme (Castillo Tejero
and Liitvik 1968) assigns numerical values to the basic silhouette and to refer-
ence poits on the silhouettes (fig. 7.7), points that roughly correspond to
Sheparrd’ characteristic points. For example, a round-sided bowl with a flat
base wiold be coded 1:1-3 by this scheme. '

Most essel forms can be described as sections or combinations of the geo-
metric foms discussed above (plus a rectangular solid and minus the ovaloid),
and thils rovides a basis for calculating vessel volumes or capacities. For ex-
ample,, tle pithoi at Myrtos, Crete, are large storage jars that can be thought
of as c:omisting of two truncated cones. Inserting the vessel dimensions into
the for-mila for the volume of a truncated cone lets us compute the average
storages cipacity of these vessels at that settlement, eighty-nine liters (Warren
1972, 1149).

A mor complex scheme describes vessel shapes by a numerical code
(Ericso«n ind Stickel 1973). This code incorporates both the geometric
form(sw ivolved and the appropriate measurements (in millimeters) of the
vessel wsd in the volumetric formulas (radius, diameter, height, etc.), to-
gether wih the mean wall thickness. For example, a round-sided bowl with a
flat basw vould be considered a truncated hemisphere (H) with a spherical
segmentt §S) removed from the base. Assuming this vessel has a radius of
20 cm C20 mm) and a thickness of 7 mm, and the removed segment has a
truncate=d adius of 18 cm (180 mm) and a height of 3 cm (30 mm), its shape
would b-e «pressed by the descriptive code as H 200 (58 180/30). A complex
vessel shag—for example, the same hemispherical bow] with a high collar—
would bec escribed as a hemisphere (H) missing a segment (SS) for its flat
base, cowtined with a cylinder (C). The cylinder has a radius of 12 cm
(120 mm) nd a height of 10 cm {100 mm); the hemisphere has a 12 ¢cm (120
mm) rad i and the segment has a truncated radius of 6.5 cm (65 mm) and a
height off 35 cm (35 mm); average wall thickness is 8 mm, The code descrip-
tion of thisvessel is C 120/100—H 120 (SS 65/35). These dimensions can
then be subtituted in the appropriate formulas (table 7.1), in order to calcu-
late the wolime or capacity of the vessel.
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Figure 7.7 Reference points and line seg-
ments for describing vessel shapes: a, different

a

basic shapes; b, vessel shapes described by

Table 7.1
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1:0-3

O@
DD

1:0-2

Formulas for Calculating Volumes of Geometric Shapes

b

segments of a circle. After Castillo Tejero and
Litvak 1968, 12, 15,

Sphere

Hemisphere

Spherical segment

Ellipse
Cylinder
Cone
Frustum

V, = #ar?

VH’ = Y’

Vi = mri(r — Wi3)
V, = #mabe

V., = wrth

Vi = (mrih)/3

whr + riry + rdi3

Note: r = radius

rp = radius of base

r» = radius of truncation

h = height

a = vertical axis

b = larger horizontal axis
¢ = smailer horizontal axis

7 = 3.141

A more accurate, though tedious, method for estimating the volume. of a
vessel is the ““summed cylinders” method (fig. 7.8), whereby the vessel. is en-
visioned as divided horizontally into a series of equal slices. The inteno'r di-
ameter of the vess¢l is measured from mouth to base for each of these §11ces,
the measurements representing, in effect, the diameters of a series of thin cyl-
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Figure 7.8 The “summed cylinders” method
of estimating the volume of a vessel. The ves-
sel is divided into a series of equal horizontal
slides or thin cylinders, the volume of each
cylinder is calculated by the formuta given,
and then these are summed to give an estimate
of the total volume of the vessel.

Vv =(gr,’)‘ﬂh

inders. Stcked one on top of another, these cylinders encompass the entire
vessel (wf Nelson 1985, 312—13). By calculating the volume of each cylinder
(V = mr%) and summing the resultant figures, the volume of the vessel is
determi nef in either cubic centimeters or cubic inches. Cubic centimeters
translatee drectly into liters; in the case of cubic inches, 57.75 in® = i quart,
and 231 i® = 1 gallon. Obviously, the narrower the intervals of measure-
ment, e nore accurate the total volume estimate,

7.2.3 Reonstructing Form from Sherds

Archaeclg;ists face an additional problem in studying the function of pottery
containersrecovered from their excavations: most are broken and incomplete
rather thar whole pots. If whole vessels were smashed in place either at the
time of deyosition or shortly thereafter, the pieces can usually be glued back
together aid for study purposes the vessel is as good as new (or better, be-
cause thee ractured edges allow examination of paste variables). Too often,
however, tle pottery remains are incomplete fragments, and it may or may not
be possiibl to determine the form of the original pot.

Rim sheds provide the most information for assessing the size and shape of
a vessel . By fitting the curve of a rim sherd to a standard diameter-measure-
ment ternpate, typically marked off in centimeter units, one can calculate the
orifice clianeter (fig. 7.9). Care must be taken to ensure that the lip of the
sherd fo rm» a plane matching that of the orifice of the original vessel and that
these bosthcorrespond to the plane of the rim-diameter chart (see Joukowsky
1980, 423)

The e-askst way to do this is to hold the sherd so the lip is at eye level. A
horizont:alplane can be envisioned by tilting the sherd until three points along
the uppe=rmost edge—one at each end of the sherd and one in the middle—are

cantimetars

Figure 7.9 Template used to measure the ori-
fice radius of a sherd and estimate (in 5%

intervals) the percentage of the total vessel
orifice circumference present.

aligned horizontally. At the same time, the angle of the wall or neck against
the vertical can be determined and, if the template has been appropriately
marked, the percentage of the total rim circumference can be estimated.
These procedures establish the mouth diameter and wall orientation of the
vessel; depending on the size of the sherd, they may also establish vessel
height and maximum diameter. The base form or diameter cannot be deter-
mined unless the vessel fragment includes part of the base.

A common problem in this procedure arises from asymmetry: the rim may
be uneven either vertically or horizontally, making it difficult to establish the
precise orientation and diameter of the sherd. In addition, there may be con-
siderable difference in diameter estimates from individual to individual (see
DeBoer 1980}, and an alternative procedure using a curve-measuring device
similar to a lens gauge has been proposed (Plog 1985). :

Base sherds are often less informative than rim sherds (cf. Franken 1971);
they provide evidence of the type of base used, and perhaps its diameter, as
well as the orientation of the wall to the base. As with rim sherds, further
information on vessel height or maximum diameter depends on the size of the
sherd. Base sherds may be more accurate than rims in predicting the total
number of vessels in an assemblage, however (Franken 1971, 250; see also
sec. 9.2.2), or in classifying general shape categories (Froese 1985, 239).

Body sherds are, on the whole, the most difficult to work with. This is un-
fortunate, because most archaeological ceramic collections consist primarily
of body sherds; for most vessels, far more sherds result from breakage of the
body, which has a greater surface area, than from the proportionately smaller
rim and base regions. Very often it is extremely hard to determine whether the
sherd came from the top or bottom of the body, much less suggest the vessel’s
size and shape. This problem may be lessened if flanges, ridges, decoration
orientations. handles. or other appendaces acenr on the sherds. Sometimes
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r—x). This equation can be solved for r using r

the formula for calculating the circumference of a circle
(C = 2%r).

there ar: other indications of the sherd’s location and orientation: marks of
surfacze teatment (scraping, burnishing), drips of paint, smooth breaks from
coil frracures, or finger ridges (rilling) from throwing.

If tkedody sherd can be oriented to vertical and horizontal planes by these
proceadurs, some idea of its position on the vessel can be gleaned. With ves-
sels tmatare approximately spherical, the radius and circumference can be es-

timatexd fom a sherd (see Greer 1977; Landon 1959) by measuring the chord ..
(the strasht line between the ends of the interior curvature of the sherd) in the -

horizeonit plane (fig. 7.10). First the radius is calcutated using the formula: »

= y* -+ %2x. Here, y is half the length of the chord, x is the depth or height -

from thechord line to the concave interior surface (a segment of the radius),
and 7 tis be unknown radius of the circle. The value of r is then substituted in
the forrmala for the circumference of a circle: C = 2or.

The figre that results from these computations is the circumference of the -

vessel ini horizontal plane that cuts its body in the region represented by the
brokem fagment. This is not necessarily the maximum diameter of the vessel
unless itan be determined that the sherd came from the widest portion of the

vessel arl the proper orientation of the sherd can be ascertained. Estimates of

vertica:| dmensions (e.g., height of the vessel) cannot be made using the for-
mula forthe circumference of a circle unless it can be determined that the
vessel wa spherical.

7.2.4  Ue-Related Properties: Capacity, Stability, Accessibility,
ad Transportability

No one-trone correlation exists between variables of use and form; neither
variablee st perfectly predicts the other, and clearly their relationship is one of
multivarize causality, In addition, many vessels serve multiple functions, so a
ceramic poduct may have been a compromise to meet a variety of needs (see
sec. 9.3, land chap. 12). In trying to understand the relation between use and
form theeris danger of overdeterminacy, and care must be taken not to overra-

Figure 7.10 Formula for calculating radius and circum-
ference from a chord; r = radius (unknown); y = half-
length of chord (or AB/2); x = height from chord to inte.
rior surface. Where only body sherds are available for cal.
culating vessel diameters or circumference, the measure. ©
ments available and desired are those of a right triangle
whose sides are y, r, and r—x. By the Pythagorean theo-
rem, the square of the hypotenuse of a right triangle (r) is
equal to the sum of the squares of its other sides {y and

(y + x)/2x, with the calculated value then substituted in :
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onalize the decisions potters made in designing their products. Despite these
mitations, it is possible to suggest advantages and disadvantages, or induce-
ents and constraints, that may have been factors in design decisions (see
ricson, Read, and Burke 1972; Braun 1980; Smith 1983; Hally 1986).
Four major use-related properties of ceramic containers are directly related
to form or shape: capacity, stability, accessibility of contents, and transporta-
bility or ease of movement. Several other, more specific properties bear on use
as well.

- Capacity depends upon the shape and size of the vessel. It can thus be cal-
¢ulated directly from several common vessel measurements and is expressed
some volumetric unit such as cubic centimeters {cc), cups, liters, or gallons
{one liter is 1,000 cc; one cup is roughly 240 cc). The relation between use
and capacity of a vessel (see also sec. 9.3.1.1) can be conceived in terms of
the kind of material the vessel contains (liquid or dry), the amount, the length
of time it is to be contained, the number of anticipated users of the material
during that time (Nelson 1981, 109-11), and microenvironmental factors
such as availability of water or other necessities (see Arnold 1985, 145-47).
Vessels may also be made in sizes that suggest standard units of volume or
multiples of such units (e.g., Turner and Lofgren 1966; Rottlinder 1967).
The stability of a vessel refers to its resistance to tipping or being upset,
. determined by shape, proportion, center of gravity, and breadth of the base.
- The center of gravity is the point of balance of the vessel and is a function of
mass, shape, and weight. Vessels that are taller than they are broad, or that
have a high shoulder (fig. 7.5g), will have a high center of gravity; such con-
tainers, like those with a narrow or curving base, are unstable. Unstable ves-
sels include, for example, very tall, narrow cylinders and jars or vases with
unusually high and heavy necks or collars (e. g., fig. 1.2). Although instability
might appear to be undesirable, it is advantageous in certain situations such as
tilting a vessel to pour the contents. Stable vessels generally have broad, flat
bases and a low center of gravity; they are often described as low or “squat”
(e.g., fig. 7.41).

As Shepard (1976, 238) points out, a vessel is in stable equilibrium if its
center of gravity must be raised to tip it. To enhance the stability of tall ves-
sels, the shoulder thus is often placed low—the shape may be a low ellipsoid
or ovaloid—Ilowering the center of gravity. Vessel supports may increase sta-
bility if they broaden the area where the vessel rests on the surface, but they
may also raisc the center of gravity. There is no single measure of stability.
The best indicators might be the position of the center of gravity and the ratio
of base to height.

The accessibility of the'contents of a vessel—better stated, perhaps, as ac-
CEss to its interior—is determined by the orifice. If a vessel has a sharply re-
stricted orifice, such as a narrow neck, it is hard to get at the contents because
of the angle of access. Similarly, reaching into an especially large and deep
vessel requires a certain effort. By contrast, a shallow, unrestricted bowl or
dish permits immediate access. A neck or collar does not normally hinder
access; rather, it is the restriction of the orifice—either at the rim or at the
throat—that does so. An extremely high neck might have the same result, but
it will also be an advantage in accurately pouring liquid. No measure of ease
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sse properties are thickness, resistance to mechanical stress, thermal be-
vior, and permeability/porosity/density (see also chap. 12). Surface treat}
at, though not directly related to composition, represents a fifth realm o
ion making that affects vessel use. o

A1l these properties are influenced by decisions the potter makes at some

of awess exists at present; a possibility might be some ratio of orifice diange
‘ter"tmaximum diameter with height, or a ratio of height to diameter. .
"Tensportability or ease of moving a vessel is a consequence of form, py
mari its size, weight, and quality that may be called “ graspability,” “ho]
or “prchase,” related to moving the vessel in difficult circumstances. Sye : ip-
circumstances might include harﬁiling 2 vessel that is hot or holds hot co; it in the manufacturing process, and so tlo S(;me cieg:e:jeet?:;;r :hfilc:]g?tlfn
temis that is heavy and difficult to support or carry, or that is wet and may slj ilable. The fur_lda}mental decision is what ; ?y l(; ustﬂose roperties most dic
(se:¢ dso sec. 7.3). The shape characteristics affecting hold are not so myg sed on proximity (see secs. 5.2 and 6.2.1). 1l Ol;h cla p_particularly me-
the: pimary form characteristics as the secondary ones, such as handles:g fly dependent on the raw materlals‘, especxal y]. e'ted )i)ncz this choice is
flamigs that provide grip or leverage, prevent slipping, and protect againg 4nical stress resistance—freedom is severle ¥y lmi d to special purposes
higch tmperatures. A large base or supports might provide the same advag; made. BeC(flUSC there'may be a scarcity ?f c ayﬁl 'illl(]nZss anl:i " forth—car:
tagee it handling a hot vessel. Fase of movement appears to be a purely qualj 1er deci51ons—ch01c‘f:s about tr—fmper, form, thi o ti]e ravw clay materia
tati veind subjective property with no suitable indicator or measure except th seen as accgmmodatlon strategies that in part mo fyr example, select clay
pre:sece of relevant secondary forms or other attributes. o oward the desired use (.)f .the- pot. Pot.ters mfPaklstz:.n, lgr uses pth;,y prefer to
Beides these use-related properties of shape, several attributes are specifi ear their workshopg '1f it is not suitable or plz;r icu ; fro,rn Father away
to paricular uses. Durability of ceramic vessels may be equated with the tech: modify its characteristics rather than to obtain better clay
nolwgtal property of “resistance to mechanical stress” (see sec. 7.3.2 and Rye and Evans 1976, 126-27).
12.3)y1nd also related to wall thickness and shape. As Rye (1981, 27) ha
poimte! out, “cookpots” usually do not have sharp angles, which would cause
unever heating and thermal stress over the fire. Instead, they typicaily have
$maot contours and are simpie or “inflected” rather than composite or com:
plex (f. Woods 1986). Thus, for one particular kind of vessel use, fragility
can berelated to shape, o)
Angher form- and use-related property is weight: this depends on size and
wallltickness and is particularly important to the transfer function, especiaily
whe:n fie contents are liquid. : ke
Finzly, closure or containment security (Braun 1980) is related to the stor-
age . furction, indicating how tightly a vessel can be closed or covered to pre=
vent spilage or other loss of the contents.

3.1 Thickness

The thickness of the vessel walls is related to the size of th(:: container and its
ntended use, but it also depends on the properties—espe(nally the green '(or
" unfired) strength—of the clay being used (see sec. 3.3.3). ]?urmg the shaping
f the wet clay, the walls serve as a structural support: like the walls of a
* house, they rest upon a foundation (the base) and support a heavy superstrut?—
' ture——shoulder, neck, collar, rim, flanges, handles, spouts, and so forth. This
' §uperstmcture is also composed of wet, heavy clay, and if the walls and foun-
dation are not strong enough to support it, the vessel may slu.mp or warp dur-
ing drying. Furthermore, the intended appearance a?nd function of the vcsse.:l
may dictate that some of these upper parts be thickened to enhance their
strength in use, for example, at the rim (discussed above) or wh.ere hanfiles
are attached; and these thicker areas can cause further stress during drymg.
Thus the walls have to be strong enough to see the vessel safely th.rougtf this
stage of the manufacturing process. In general, larger vessels require thicker
walls for structural support, and this often calls for more temper (sec. 14.1) to
reinforce the clay.

There must be continual compromise in design, then, between the advan-
tages and disadvantages of thick walls in drying and during USE?..For‘storage,
thick walls or a thick base may be desirable to increase Stabllltj.{ and keep
moisture in or out of thé vessel. In processing, thick walls are 'llkely to _be
stronger and more resistant to sharp blows during pounding‘, stirring, or ml)lcc-
ing. Thick walls are likely to be a disadvantage for cooking, however (cf.
Henrickson and McDonald 1983, 631): thin walls conduct heat‘ better (s_ee
sec. 12.4), cooking food faster and saving fuel. In addition, thu} walls -m—
crease thermal shock resistance (see sec. 7.3.3). In transfer functions, th;ck
walls slow the conduction of heat from the contents, keeping the outside
cooler, and also increase strength; however, thick-walled vessels are heavy.

7.3 {omposition and Properties: Relating Technology to Use

Cleaiy it is not solely form that determines a vessel’s suitability for particular
uses- Disigning a durable and appropriate vessel for a given function begins
muchh arlier, with the selection and manipulation of the raw materials (see
chap:s. 1~4). The use of different clays and tempers for different form or func-
tion clases of pottery is widely known ethnographically (Stone 1950, 270;
DeBoerand Lathrap 1979, 116; Arnoid 1978, 367; cf. Rye and Evans 1976,
12621 see also chap. 5). Thus the chemistry, mineralogy, granulometry,
and reeldive amounts of clays and particular inclusions that may be present are
the basi of variability in the use-related properties of any ceramic. These may
be mediied throughout the manufacturing process by the potter’s skill or lack
of skiill i preparing the clay, forming the vessel, and drying and firing it. To-
gether tle resources and manufacturing procedures can be directed toward the
pragmnalc goal of creating a useful pot.

Four yroperties or clusters of properties can be described as use-related
characeistics that derive from composition, forming, and firing of a vessel.
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various steps of manufacture, such
paddle and anvil to thin and consolidate th

Thesse considerations may influence
howy Ing the vessel is beaten with
wallls:.

Theneed. for thick wails can often be avoided by manipulating the paste
conzpwsition. Pastes can be given high green and fired strength either throug"
thei.r atural particle-size distribution or by adding temper in appropri
kinds sizes, shapes, and amounts. These pastes then can be shaped into th;
wallled, lightweight, but very durable containers, One exainple of such a ¢l
commpaition is that used by the potters of Chinautla, Guatemala, for their ;-
143, or Water-carrying Jars. The clay contains diatoms, and the temper i
pumeicious volcanic ash (Rice 1976a, 1978a); both of these inclusions,
thein |ihtness and angularity, permit the manufacture of Jars that were held.in
greateteem in the highlands for their thin walls, light weight, and durabilit

7.3.2 Resistance to Mechanical Stress

A vesssd's resistance to mechanical stress depends largely on its hardness an
streragt. These properties are closely related and can be described in many:
ways, lut primarily they refer to the ability to tolerate various stresses (sec..
12.3.2) resistance to breakage (lack of brittleness), penetration (stiffness),.
shattxerig or failure (integrity), and deformation (e.g., by compression).

Like hickness, hardness and strength are important to vessel viability in’
both riheunfired (green) and fired states. Unlike thickness, however, both thes
propertis have a more direct relation to composition, and also to firing as
final : mdifier of the clay’s components. Hardness and strength are related
the kiind size, shape, and proportions of the clay and inclusions in a ceram;
(see chos. 3, 4, and 12). Firing can be manipulated to modify this relation
ship, beause in general vessels that are fired to higher temperatures, or tha
have a jeriod of reducing atmosphere during firing, will be harder. Thu
better~fizd vessels are more resistant to mechanical stress, but strength and
hardneessare complex properties that also relate to other characteristics (sec
12.3),, ad all can be tied to function.

LitCle:an be said about how hardness and strength relate to use, because i
is diffiicut to conceive of circumstances where a soft, weak vessel would be an f
advanstag. In other words, hardness and strength are virtually always desir-
able. EEwn for storage, where vessels undergo little movement, a hard, du-
rable wesel is best, It is probably in processing and transfer, however, that
strengrthiind hardness are most important. In processing the contents of a ves-
sel may te stirred, pounded, or ground, mechanically stressing the vessel and
causin g sacking, pitting, abrasion, and eventual breakage. Cooking can pro-
duce themal stresses as well as mechanical ones (stirring the contents, plac-
ing thes vssel in the fire). Transfer activities probably pose the greatest threat,
since wesels frequently break as they are carried, and in this type of use me-
chanical trength is most valuable.

7.3.3  Tiermal Behavior

Reacticmsto thermal changes are important for the cooking and serving func-
tions off cramic containers or for any activity where heat is applied to a vessel
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or its contents. One of the thermal reactions of a ceramic is thermal stress,
strain caused by uneven or unequal reactions to heat over the vessel body (sec.
12.4). Thermal stresses arise as a vessel and its contents are heated, but they
may actually be more severe in cooling because tensile stresses develop on the
exterior, especially when the vessel is resting on a colder surface (Amberg and
Hartsook 1946, 451). ]

One way to manipulate thermal properties and reduce.stresses is to de-
crease wall thickness: thinner walls lessen the thermal gradient and hence the
stress (see Van Vlack 1964, 117-65; Lawrence and Wesf; 1?82, 226). Stresses
can also be reduced by modifying the vessel shape to eliminate angles. .

A major determinant (or modifier) of resistance to thermal stress is the
composition of the ceramic, particularly the inclusions present or ad.ded, be-
Cause certain materials have lower coefficients of thermal expansion than
others (see sec. 4.2.3). It has been suggested that because of the xmpor.tancc
of cooking pots in household assemblages, adaptation .to thermal Stl:ﬁSS 1s. the
most important determinant of vessel composition, whll‘e other considerations
are subsidiary (Rye 1976, 119). The optimal solution in the manufacture .of
vessels intended for use with heat would be to have inclusions (temper) with
coefficients similar to or less than that of the clay (fig. 7.11). Among such
inclusions are grog (crushed sherds), calcite, crushed burned shell, zircon,
rutile, feldspar, augite, and hornblende (Rye 1976, 116-17). Ta‘lc, which is
used commercially in making saggars (Cardew 1969, 75, 159), is useful for
increasing thermal shock resistance in amounts up to about 10% (Burnham
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and ttle 1945; Lawrence and West 1982, 224). In Uganda, some potters.
taining talc as temper in their cooking pots and:
reparithat it “lengthens the life of the article, seemingly reducing the incj
dewcenf cracking on repeated domestic use” (Wilson 1973, 301). Yet another:

fo increase porosity, since pores ..
prowidt an elasticity in the body that allows for sudden expansion of the mae.-

tradiitinally add asbestos-con

way* toimprove resistance to thermal stress is

suffer hermal fatigue (see sec. 12.4.2.3;

216—20). In lieu of these other alternatives, in northwestern Pakistan the
base:s o cooking pots are periodically coated with a mixture of clay and sand

to im subte the pot from thermal shock {Rye and Evans 1976, 25),
Seomx of these propositions ¢
and whamal stress have been t

to preedition, at jeast
coarsx tmper to make vessels more porous, particularly for storing water,
and cllay intended for cooking vessels are often given special temper, but the
Moha-veuse grog temper (with low thermal expansion) for all but their cook-

Ing w.ars. Both the Hopi and the Mohave use sandstone temper for cooking”

sels, whie attapulgite clay is generally used for water jars, but this differ-
entiati-onis not strictly followed (Thompson 1958, 113); in Tabasco, coarser
sand is ved for cooking pots.

Pexinap the most complex series of adjustments is made by Shipibo-Conibo
potters- iaPeru: different clay and temper combinations are used not only for-
differemt ressel functions (cooking versus noncooking) but also for different
ideally th bases of ollas are made of black clay tempered with two parts ca-
raipé (piat silica ash) and one part grog, while the neck is made of red clay
tempered vith reversed proportions of caraipé and grog. In practice the com-
positior isvariable, although cooking vessels depart less from standard reci-

pes than d) eating and serving wares (DeBoer 1984, 540), perhaps because of
thermal cmsiderations.

7.3.4 ;Permeability/Porosity/Density

Three recaed properties, determined by composition and manufacturing,
affect vesssi use: permeability, porosity, and density. These properties are by
o meams guivalent (see sec. 12.2), but they are sufficiently related in their
constrairtsor actions that they can be discussed together,

Permezablity refers to the penetration of moisture into the vessel wall by
means ofS pres opening into either its exterior or its interior surface. The per-
meation my be outward seepage of a liquid contained in the vessel or the

oncerning the relation between composition

ested against the ethnographic record in the
Soutthwistern United States (Plog 1980, 86—87). The results show that gj-

though jotters may recognize how different kinds and sizes of temper affect
the fiandional suitability of their products, some of their behaviors run counter
with regard to thermal properties. Potters may use,
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ing surface.
Bemeabity s educed by modifint (e e o exeio sufes of 1
B ot & inorcas 1ts ity or make it act as a barrier to penetra-
rjzsnsek Ogiazzt?ge::o jlngl..zz;siz glseizr;il,tgiarantce of impermeabililt.)iz butlin ;itrtt;iz
: re d by traditional p
of the world where glazes were not and are iloltn us; Lt o sven barroshing
(e.g., much of the Western I-Ier_n.lsphere), applying or even burmishing
ermeability to some degree {Henric
33 igggfzgg?gf;f:giam 1975).yVitriﬁcati0n of the body also reduces both
ility and overall porosity. o
pe;-"l:)l::sbity chers to the presence of pores or spaces within t.}ieh:':JI éz:rzf:é
12.2), which allows liquid to move through the wall‘oncia i mz errated
either surface. Density, the weight off an Ob]lP;Cl Ia)e{rl :nr;t ;(;Sttt;n;;ay b}é e
i in some senses the inverse of porosity: ' cast
[S)fri;;?iégcribable as low in porosity. Porc?sity and density are larg:alg/ Snl::glepgf
lated by the steps of initial clay preparation, the ?mm.mt, siizei,n a
inclusions present in the paste, and the care exercised in we gl g, Excossive
The relation between porosity/permeability and use is complex. ive
porosity and permeability are not desirable in' vessels u§ed fﬁr Iontg-tizxgll stor-
age, particularly of liquids. Nonetheless, hlngh porosity ¢ arai\?c erd s ron
vitrified vessels, especially earthenwares: Jémon pots were foun e
about 10% of their contents overnight (Kiddt?r 1968, lfi), and son;c? ro"de
thian amphorae were permeable in nine to thirty-one minutes .(Va‘n 1\; e
Koehler 1986, 204). For relatively short water storage, p(.)ros.xty i Of :Sher
advantage: evaporation on the exterior cools the water, making it tastel T o jté
After a time, however, minerals in the water seal the pores so the pot los N
effectiveness as a cooler, and it may then be switched to some other usels;;;d
as cooking (Fontana et al. 1962, 80). Raised base§; or supports or(li _unft ion_
pottery may keep a leaky, porous serving or processing vessel from dire
ith a surface. '

tacItn“(l:ooking vessels, some porosity may reduce tl.xerma] s_.tress, as descx;lbrzg
above. It has been suggested that for vessels used in cooking at t":mperj él °
of 300—500°C, the optimum pore size is 7—9 mm, based on the size an e_t~
sity of packing of the mineral grains (Rye' 19763 114), Inlcriasulzginp‘c:;g;s; 13;
may be a more appropriate strategy for dealing with thermal s 0(;( [ e
used for toasting or parching than for vessels used to hc-a]d.and co<|)) _ liqd oo
any length of time, however, because of sec?page. If liquids aFe Oll :ili'zatlijon
rous vessels, they will seep through and rapidly evaporate. This vola " "
could cause the vessel to crack, but the danger can be reduced throug sotn:
of the technical strategies of manufacturing discussed abm.re. With reSpei‘l:ec 3
vessel shape, the absence of corners or angles prevents moisture fr(i)mi;:(:(l)u v
ing, and thin walls let water convert to stcam rapidly without buildup

he body. : . .
t Eil"tkjle zthnographic record provides many ir_lstan'ces in \nrhlch pfo;f)use v‘izst:is
are given postfiring treatments—typically interior coatings o tn;lin m:
resin, vegetal material, or some other substance—before use_: n; 8 OReiﬁ; [; o
cessing (cooking), or transferring liquids (see sec. 5.4.1.3; also 2 an
Hill 1978, 245; Fontana et al. 1962, 80). These treatments recluce; perm el
ity, and in cooking vessels they do not decrease the usefulness of porosity



reducilig thermal stress. The charred or incompletely oxidized organic mate-

rial irenaining in the walls of low-fired vessels may serve similar purposes

actimg b reduce porosity, increase the strength of very coarse or sandy paste
and sewe as a charcoal filter.

7.3.5 Surface Treatment

Althowh surface treatment is not directly related to composition and technol:
ogy, th surface may be modified in producing a vessel (secs. 5.3.2 and

5.3.4.1, helping reduce permeability in vessels intended for use in storage
and proessing, Glazes (sec. 4.2.4) are the most extreme example, but evep
slippedor burnished surfaces can somewhat retard the penetration of liquids -
by cneang a dense surface of fine and compacted particles. Slips and glazes

and extend over the lip and partway -
down tk: exterior shoulder or neck; this lessens the penetration of drips and

often carer the interiors of bowls and Jjars

splashiesin the vessel walls and makes cleaning easier.

Surfae treatment is also important to transfer: a rough surface provides a
more seure grip. The classic illustration is a water Jar: heavy and wet, it is

slippe=ryind difficult to grasp. With roughened surfaces, however, it can more

easily belifted and carried. A number of roughening procedures can be used: -

striate=d « combed surfaces are common on large jars from prehistoric Meso:
america;in the eastern United States a variety of impressed or stamped sur-

face treaments are known-—cord, net, corncob, checked, complicated, and .
so fortth fee fig. 5.14); in the Southwestern United States “corrugated” sur-

faces rnay serve the same function.

Finally surface treatment is an important modifier of the thermal properties
of vesssels an uneven exterior has more surface area to absorb heat from a fire
(Herro:n 986) or to evaporate a liquid, as in salt making (Charlton 1969, 75).
Thus thesurface roughening treatments discussed above—striating, check-
Stampimg,corrugation—also enhance the properties of cooking vessels. Such
vessels might have been used for both cooking and transfer; determining what
functio:nsthey might have served involves studying other properties such as

form, t-hikness, composition, or some of the direct indicators of vessel use -

discusssedielow.

7.4 Deirct Evidence of Use

Vessel shipe and manufacturing technology give archaeologists an indirect
basis forr Iypotheses about vessel use, or at least suggestions about the func-
tions fomr which a vessel was particularly well suited. More direct indications
of use amelso sometimes available.

Context)f recovery ndy or may not provide evidence on the functions of
ceramic vesels. A bow] holding jade beads found under a Maya stela, a jar
filled witth eeds in a Southwestern pueblo, smashed effigies beneath the east
side of a Flrida byrial mound—these give clear indications of use at the time
the vesses] vas deposited, or removed from “systemic” to *“archaeological”
context (Sciiffer 1976). Vessels typically have multiple uses during their life
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gpans, however (see sec. 9.3.1.1), so that their mchaeqlogicalfc;ntci{;e;i
merely their final resting place rather than an ac?curate indicator o nu?:: cheir
ﬁs&life was spent. For example, one may ask if a vessel was rf;a actured
specifically for a burial or a cache, and whether such usage wals its ei([)in e
tion from the start of its existence, Or were some o.f these vessels u; o8y
domestic activities before being placed in this spef:lal deposu.(see ray1 havé
Several direct lines of evidence on the funcFlons of ancient ves§e’s‘e ve
~ been developed. Most investigate the processing 'and storage actmt]dires
- which pottery containers may have been used. Sl.gmﬁcantly, these .pg(t)cebuild-
* could also be applied to pottery from ethr?ographlc contexts as an aid to

ing models for archaeological interpretation.

5

7.4.1 Identification of Contents

One type of evidence on the functions of ancient vessels i§ the contlents ;lhz
- originally held. This evidence is useful not only for .cookmg vessfe S, :v e °
charring sometimes preserves the contents, but also mcrt.:asmgly or storag
vessels as well, The techniques of identification are particularly appro;;i'late
for unglazed vessels, which are usually permeable a.nd porous and are t ler(;a-
fore likely to retain residues. The materials sought in thesc' analyses inc z:) e
phosphate, pollen, salts, and organic substances such as resins, gums,cI carbo-
hydrates (sugars and starches), and, more commonly, anlrlna.l fats an vegec;
table oils. For fats and oils the typical methods of analysis include 1nfrarle
absorption, mass spectrography, gas chromatography, and, less fre(gem Y,
proton magnetic resonance spectrometry (Beck,' }‘?ellows, and Mac' elznnan
1974), all of which identify specific fatty acic‘!sl, lipids, cholesterol, triglycer-
ides, and other components of organic materials. . .

N ';he resuits of thepse analyses must be interpreted with some caution. Be-
cause ceramic vessels are usually recovered from some sort of soil matrix, the
substance of interest must be carefully measured both in the vessel a_nq in the
burial environment. This will eliminate the possibility that concentrations of
the substance come from the postuse depositional environment rath?r tha}n the
use itself. Examination of concentration gradients—either from interior to
exterior in the vessel wall or from the mouth to the base of the v?ssel-rx_lay
aid in resolving this question and others. In additif)n, some organic matensli
may degrade or otherwise alter through time, making thcll_‘ analysis sorr;e“;6§1
questionabie (see Bowyer 1972, 331; Rottlinder gnd Schlichtherle 198 ,b .
It is also possible that substances detected by this procedure may have 35::11
added to reduce the permeability of the vessels (see secs. 5.4.1.3 and 7.3.4),

than constituting stored or processed contents. _

rat'tIl‘El:lle.: plallosphate (PZO§) content of a pot can be analyzed to_ determine whether
the vessel held organic material. Phosphorus is an essenga] §lemer.xt for me-
tabolism of all living things; it occurs naturally in all soils (mc!udmg clays)
and is concentrated in areas of dense or prolonged huma‘n or animal occutll)la;
tion (e.g., houses or animal pens). In one study, expel;lments lrevealed :1
even when fired in the temperature range of 600800 _C,_ kaolin clays st;l
have phosphate permanently bound to them; binding diminishes above 800°C
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{(Dummw: 1972). A number of unglazed pots found in burials dating from t_hc;'

sel wals, and in the surrounding earth. Enrichment of the phosphate contep :
in alll ese areas, particularly on a gradient of increase from the mouth to the :

bases O the vessels (though not through the vessel walls), was taken as evj

dencee hat the pots had originally contained organic material {Duma 1972)',
The - posibility that they may have absorbed additional phosphate from an eq.

riched wrface (e.g., a house floor) was not addressed, however.

Specfic organic contents of vessels have been identified through a vafiety
of tewhmiques. Visual examination and infrared absorption suggested that the .
charredmaterial on the interior and exterior of an Indian pot from Massachu.

selts pmbably was a sugar (Clancy 1961), perhaps from boiling maple sap,

Simillarcharred encrustations on vessels from the Juntunen site, in the upper
Greatt Likes area of the United States, were hypothesized (without chemicai

analy-sig to result from cooking fish (McPherron 1967, 47).

Gax ciromatography is particularly well suited to identifying organic mate-
rials sud as oils and resing (see Mills and White 1977} and requires only z_i
small sanple of material (ca. 3~5 mg). The contents of amphorae, used
widelw i the ancient Mediterranean wine and olive il trade (see Will 1977,
Vandi~ver and Koehler 1986) were analyzed by chromatography to detect
traces of olive oil in their pores (Condamin et al. 1976). Three groups of
specimmers were used (dates and proveniences were not reported), and ancient
olive ilwas positively identified in one. Fatty acids were concentrated in 2
gradiemt hrough the sherd walls, declining from the interior surface to the
extericor. Chromatographic analysis used on the contents of various jars and
pots from early Bronze Age Crete suggested that one tub had been used in
processin; animal material, perhaps wool (Bowyer 1972). The contents of
Neolithicand Roman period vessels have been analyzed and showed evidence
of milkz, tter, olive oil, fish, pig, and mustard seed (Rottlinder and Schlichf
therle 098, 37). Marine animal fat, possibly seal, has been identified as a
brown, flky residue in some South African cooking pots (Patrick, de Koning,
and Sumith1985). Finally, a highly oxidized pine resin was identified in a By
zantine strage jar from Israel, possibly intended for use in caulking, water-
proofing, i preparing an unguent (Shackley 1982).

7.4.2  Ue Wear

Another surce of inferences about vessel use comes from use-wear studies.
Damages= tothe vessel surfaces is most likely to occur during processing, such
as in stiirzhg, scraping, mixing, grinding, or pounding the contents. Per-
formed xepatedly, these actions can scar the interior surfaces (see Chernela
1969; G rifiths 1978; Bray 1982; Haily 1983b). Areas most likely to show
wear ares tk: interior base, the interior sides (especially below the tim), and
the exterioibase.

Use weaton vessel interiors causes attrition of the slip or surface, or both,
leaving sstritions, pitting, or patchy abraded areas. These may be very faint
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Figure 7.12 The interior of a fragment qf 2 large jar
from northern Georgia, showing a band {.)f pitting tlhought
to be caused by chemical action of sol}ltlons used in food
preparation. Photograph reproduced with permission from
David J. Hally, “Use Alteration of Pottery VesseE_Sur-
faces: An Important Source of Evidenc? for the Identlﬂc-a-
** tion of Vessel Function,” North American Archaeo'[og:nsr
4, No. 1 (1983): 3-26, fig. 6¢; © Baywood Publishing

Company.

or distinct and substantial, removing the slip and exposing the ﬁgzlzglgg
paste {fig. 7.12). Interior surfaces may also be finely scarred or ::dicate 0 a);
scouring clean with sand. On the exterior, wear on the base mIay I e that
the vessel was scraped against its resting surface, for example, in 2

i ixing. o
ves:l?lf:lsiu;rl:é%cl;ionsgof wear may be difficult to see on excavated ceramics llf
the surfaces are badly eroded. Further, because thfa patterns a?'e .cxgleme l)-r
localized, it is difficult to carry out use-wear analy§1s on sherds; sizable co
lections of complete pots yield much more reliable inferences.

7.4.3  Fireclouding and Sooting

The presence and location of soot deposits and ﬁfeciouds‘ on the exte_notr. S}gzz
and base of a vessel are clear indications of use in cooking or other 1::1{ ivi s
involving fire. To take advantage of these observatlon?s, care must b;a ; ertlor
to remove soot residue when the sherds are cleaned in the field or adora inz.
Soot is a by-product of fuel combustion, composed of carbplrll ;lm ;:]s; thé
Not only is soot on a vessel evidence that the vessel was used wit Irfe;h e
location of the soot tells how it was used (Hally 1983b, 7-10). A e 0o
occurs primarily on the sides of a vessel, from the base up to or near t : :: :Inas -
mum diameter, the vessel was probably set in the fire. Soot is depom e i
combustion product at the edges of the flames, and vessels 'used this :viz;i (;xfttlle
ally also have an oxidized area in the center o_f t-he base, whlcl_l was sehave the
fire (fig. 7.13a). Vessels that lack such an oxidized zone and 1rcllst§a Dane soo
deposits on the base (and also the sides) were probably suspende ovd e fre
rather than set into it (fig. 7.135). These vessels may have been usfe : rilin
mering or frying; vessels placed in the fire were probably us§d or 3 the%;
The blackening of the pots by smoke and soot also would have increase

ntion somewhat. .
hezll{te;?:fs,tfne of the components of soot, are more abundant in ‘SOfm;Oc(::li
such as pine than in hardwoods. Systematic study of soot deposits is a
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Figure *7, 1) Examples of sooting on vessel
extetiors: & soot and fire blackening occur
arcund sheddes of the vessel while the base is
lighter sndmore oxidized, indicating it was
placed in afire; &, soot deposits on both the

endeavwor, and it remaing t0 be seen how the de
where i thee are different kinds of firewood.

7.5 Surmary: Form, Technology, and Use

The relatim between vessel use,

AmericanSouthwest and from West Africa, Smith (1983, table 42) found that
ten out of eighteen formy/function relationships could find support in the
that vessels used in both cooking and
hose used for storage, but duration of
eter; vessels used for long-term storage
for short-term storage; vessels used for
ces than those used for other purposes;
I distances have greater volumes than

ssels used for cooking and heating have
greater wolimes than those used for eating;

tend to hmav: their greatest diameter at the ri

Many ofthe predicted relationships betw
tion have ken found to be somewhat equivocal (Plog 1980, 86-87; Smith
1983, 22:1 ;Henrickson and McDonald 1983, 632-34: Miller 1985, 60—62).
These fimdhgs cast some doubt on Rye’s ( 1976, 119) hypothesis that in pre-
paring clayfor pottery making the primary consideration is “to give suitable
physical proerties for cooking pots and

literature. These include the findings
processinghave larger orifices than t
storage khasno effect on orifice diam
have gre=ate volumes than those used
transporstiey liquids have smaller orifi
vessels wsd for transport over smal
those canrrid over large distances: ve

morphology, and technology has been inves-
tigated anl described by several comparisons

cal, anad kchnological data (Howard 1981, table 1.1; Smith 1983, 1985;

for other purposes vessels are either
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:so suitable or are modified subsequent to firing.” A potte[ry :s:ssse;;isi ; g‘?;:ll;
: isi d use that are not n
i of a set of decisions about shape an 1at \
Ct::l weight and do not always adhere to the prmc;.p]es of modern .maltcfilia:lls
‘tnce Ceramic attributes relate to several behavior compl_e.xes, mi:] Sl.; caﬁ
e of ' i i omposition, or
d no single variable of form, ¢
ale of manufacture, an o o s o
reli i her. Vessel forms within an as
iably predicted from any ot :
e}fieb}it a érlf):at deal of redundancy and a lack of secondary attributes (sgoutsl,
etc.) that aid in efficient performance of their intended tasks or—”for arc ﬁ?ole
e i.sts—-as clues to their function (Miller 1985, 62—‘67).. In addmon-, mu (Sepc
:ﬁfes of pots and reuse after they have outlived their primary functions .
i ts even more complex.

.3.1.1) render ethnographic data se _
9 %espzte these cautions, the relation of form, function, and techr_lqlo%{ n(])?;)f
be summarized in a simplified, idealized way (table 7.2). ]‘Empxpca 3; o
served deviations from the ideal will occur because‘ these re}atlonshlps re iin

eneral shapes and uses {cooking, storing), while 'spemﬁc u'ses‘1 Ftcooe g
geans storing wine) may place more specific constraints on var.labl [; ¥ (a usge;
in secondary form characteristics), One approa_ch to unc'lerst:cmdmg the ¢ uses
and patterns of such departures from the ideal is to begin with fl..lnCtIOII, o
sider what shape and compositional characteristics favor certain uses. "
-~ other is through form: what activities may be accommodated by particu

shapes and their constraints?

base and sides of a pot, indicating it was placed
above the fire (these “shoe form” or “boot’
shaped™ pots from southern Peru may have’
been suspended by the handles over a cooking:
fire and are typically found in buriais).

posits may vary in regions

7.5.1 Vessel Functions

Vessels may vary depending on whether they are intended for ]01:g—60; ;l:;l);r
term storage, how frequently their contents are used, and the na u(;'in helr
contents (liquid or dry). Vessels used for long-term storage orfnee o gmove_
quent access are generally large and when full are Eoo'heavy or & 3; N
ment. A survey of ethnographic data suggests that 11(31111(.1 storage vess ey
be more variable in shape than dry storage vessels; liquid storage ve.sselS are
relatively taller as an aid to pouring, while long-term dry st%gazge ;;ss;; o
relatively short and squat (Henrickson and McDonald 1983, 632~ a;ﬂ .have
mingham 1975, 371). Contrary to expectations, they do not necess o{,erin
restricted orifices and necks to prevent loss of contents or for easier ¢ g
and closing of the mouth (Henrickson and McDonald 1983, 631.’:).t ofthe

Vessels intended for cooking would be expected to make_ elfﬁmen. u§et ne
heat from the cooking fire, but they also exhibit characteristics sg{;te o p ”
ticular modes of cooking, and this doubtless accounts for the vlvg e ;izgeare
shapes in cooking pots, past and present (fig. 7.14; also fig. fFLW ). h 13786)
generally likely to have rounded rather than angled contours (cf. 'Woo rmi%
to avoid thermal damage, and also because the rounded contou?hpe it
greater exposure of the vessel base, walls, and contents to the heat. ) 2; ean
also be expected to be relatively thin walled, to conduct' heat bettzr al\chona]d
the thermal gradient between the surfaces (cf. He{mckson anF thon. iy
1983, 631, who note thick walls in their ethnographic s?mpie). ‘ l;!' that, they
are likely to be coarse textured, porous, and tempered with materxahs o
low coefficients of thermal expansion (calcined shell, crushed potsher
commodate thermal stress.

of ethnographic, archaeologij-

and serving and eating vessels
m (they are unrestricted forms).
een form, technology, and func-
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after May and Tuckson 1982, fig. 1.5); £,

Figure 7.14  Variations in cooking pot shapes,
ancient and contemporary: @, olla from modern
Jocotan, Guatemala (height ca. 16.5 cm; after

Madang Province (height 19 cm; after May and

Tuckson 1982, fig. 1.6); g, Madang Province

(after May and Tuckson 1982, fig. 8.40); A,
Mailu Island, Central Province (height 22 cm;
after May and Tuckson 1982, fig. 3.5); i, Mo-

fig. 1.8); j, Morobe Province (height 27 cmy;
after May and Tuckson 1982, fig. 6.23); &,

robe Province after May and Tuckson 1982,

Reina and Hill 1978; fig. 434); b, thirteenth-
century cooking pot from Gloucester, England
{(diameter ca. 40 cm; after Vince 1977, fig. 2,
no, 4); ¢, black-burnished ware from Roman
Britain (after Orton 1980, fig. 2.2); d—k, mod-
ern cooking pots from three provinces in

<

Morobe Province (height 34 c¢m; May and

Papua New Guinea—d, Madang Province
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Boiling seems to be or to have been the most com
technique in a variety of culture areas (Lischka 1978
; see also Linton 1944),

(height 37 cm; after May and Tucksen 1982,
heim 1965, 257

fig. 8—44); ¢, Madang Province (height 29 cm;

cooking vessels may be adapted to th
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is pattern of use. The vessels are likely to

ing food, but a slight con-

have a relatively open orifice for adding and remov
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striclit or a low neck helps prevent boiling over and reduces evaporation
Althwowh it might be expected that cooking vessels used for boiling would be
relatiiviy deep to conserve heat, one survey of the ethnographic data sug.
gestedlin emphasis on short, squat shapes (Henrickson and McDonald 1983,
631)s. "ssels used for simmering or frying may be more open and have flatter
base:s, ntended to be raised slightly above the fire rather than set in it; they are
more dshlike than bowllike. Utensils for drying, toasting, or parching—such;
as griddes or comales—are usually nearly flat with little to no rim curvature,
becarus: spillage is not a concern. .

Vessils for serving and eating are likely to vary greatly in size depending on
the nember of people partaking (Henrickson and McDonald 1983, 632, 634).
They= ae usually open for easy access and perhaps visibility of the food; they
may haie a flat base or supports for stability. Secondary form variations are
likely  be elaborate: flanges and handles can be for decorative display as.
wellias lor grasping a hot vessel as it is carried or passed around; spouts aid in
servimgliquids and preventing spills. Another aid in handling a vessel filled.
with. holiquid may be thick walls, which conduct less heat from the contents’
to the: aitside. The surfaces may be finished by burnishing or slipping to re-
duce pemeability. Furthermore, because vessels for serving and eating are
usual lyised in company, they may display fine surface finishing and elaborate
decorzaton (see chap. 8).

Ansotler important consideration in the transfer function is the weight of
the vassl when it is full. This is especially pertinent for jars used to carry
water-, kcause water weighs approximately 8.3 pounds per gallon. The ca-
pacity olwater transport jars may be relatively limited, varying between 2 and
4.5 gmlins, with full weights of 18 to 35 pounds, before exceeding the maxi-
mum weght for convenient carrying (see, ¢.g., Reina and Hill 1978, 241 —43).
Corin thin amphorae would have weighed from 60 to 190 pounds and very
likely hid to be rolled to the ships or other transport (Vandiver and Koehler
1986, 202-.3). '

Storai and transfer raise additional issues that cannot be conveniently re-
lated todomestic or subsistence functions. Vessels may be used for long-
distan cemovement of goods, perhaps in tribute or in trade, for example, the
Medit-ernnean amphorae or the transatlantic shipment of so-called olive jars
from Euope to the colonial New World. Such vessels serve for both storage
and trzanfer, and both tight closure and easy handling are likely to be impor-
tant, Whik walls may be a disadvantage because of weight, but they may add
stabili-ty ind strength. On the other hand, the empty vessels themselves may

be mowel or traded; a wide-ranging pottery trade is known ethnographically
(sec. 6.3\ Either way, there would be a premium on being able to move more
vesselss pr trip. Shallow, unrestricted forms can often be easily stacked or
nested wien empty (Whittlesey 1974, 108) and thus conveniently moved over
consid.exble distances, particularly if they are relatively lightweight. Stacka-
bility clepnds on form and may be improved by lateral flanges or ridges (fig.
6.9; seeRottlinder 1968). Large-necked jars probably were too bulky for

trading wless it was the contents—wing, olive oil, honey, and such—that
were imnjprtant.
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241

7.5.2 Vessel Forms

The characteristic of vessel form most specifically modified or adafpted :01 ;itles(-l
tinct uses is the orifice. Of special interest is whether the orifice is restr
or unrestricted and whether or not it has a neck or collar.

An unrestricted orifice permits easy access to the contents, as discussed

above, and the hands or a utensil can be used for mixing ot stlmng]; lthlr:;
stricte’d vessels are an advantage not only in getting the contents out, bu

in putting materials in. This makes them suitable for holding goods that will

be used frequently, or for very temporary storage. The open orifice also shows

the contents, which might be important in serving from a dish orr plate, for
example. A slip over the mouth and rim area r}mk‘es cleaning e:.sul:( . e
A restricted orifice, on the other hand, is prmmpall){ useful. or eelzn gand
contents, especially liquids, inside. It can preventvspllls during tser:rs dgu o
processing, and in cooking pots it retards evaporation of t_he ((:1011 e;l} > during
prolonged heating. In addition, for storage ves'se]s, a restrlcfef ori ecn - can be
easily closed with a lid or stopper. 1imaller ortlﬁces s:egf:gt infrequ
i onger periods before the contents are n . o
* ;&e l:;?lflizla sﬁecigl adaptation of a restt_‘icted orifice f(?r containing l}g]ulll:z
or for particular storage and transfer funCthI.'IS: A wat‘er Jjar, for exa.x;g) ar,ld s
a parrow neck to prevent the water from spllhn_g while being c:lrn nd o
control pouring. A tall, flaring neck acts much like a spout and also se:’) s
a funnel in filling the vessel. A wide-necked vpssel may be. more appr (1; s
for storing goods that are sometimes popred out anfi somenm.es sc%osi essd.
Dry goods—grain, seeds, and such—might bn? readily stored in suc Lo ali
though water, oil, or other liquids might certainly be ladl_ed out asf v;r: . e
these situations it is not the diameter of the mouth opening itself, but ra )
the diameter at the maximum constriction of the neck—the throat—that de-
i ccessibility of the contents. _ ' .
tef? I;;zlth:rﬁice modiﬁ};ation with functional signiﬁ(fance is the rim orkhp
form. Whether on a restricted or unrestricted vessel, with or without a nec ti1a
modification of the lip can be not only decorative b.ut useful.. Bec?se thz
mouth of a vessel is subject to much of the movement involved in reaching t
contents, thickening the lip with a bolster or flange strengthens the rim agains

* breakage from an accidental blow (see, €.8., Dinsdale, Camm, and Wilkinson

1967, 374—86). This may, however, reduce resistance to thermal Sh?;':]g (A:;:;
berg and Hartsook 1946, 450, 452). The lip form may a].so be a rZE i (():l:;lrin
for lifting the vessel (e.g., a labial flange on a _bowl), or it may xin 'teh P o Ogr
easier. Lip extensions on jar necks make .it eas:er.to fit the vesstwx " i iaor
stopper. An interior ridge, for example, is a re.stmgl place——.a id se; fora
cover within the vessel mouth, while an exterior lip extension mgy a
cloth or skin cover to be tied beneath the flange with a cord—especially com-
mon in long-term storage (Henrickson and McDongld 1983, 6?{2). -
The base of a vessel is important to stability during any use: st(:)rage, I;t)ain
cessing, or transfer. Broad, flat bases generally are ﬂ}o§t stable, !;tl ;::an "
activities may favor other shapes. Because a flat base J'oms the ves(s) o
an angle, this shape may not be most efficient for cooking because
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differemials. Instead, a raised foot or concave base (Amberg and Hartsook
1946,. 4i1) or a round or conical form might be more suitable. Althoug Shepard 1976
roundledor pointed bases must be positioned over the cooking fire by som,
sort o+f uspension or support, their contours expose a greater surface area
the flzmeis—the base as well as the sides of the vessel—for more efficie
heatimg .For certain kinds of mixing an indented or annular base might off;
less resitance and friction as the vessel is turned. Finally, a concave base ma
be foundon water jars that are carried on the head.

Appedages or attachments may serve a variety of purposes; particularl
handlecs ire not necessarily intended for lifting or carrying vessels, especiall
large sorxs. Instead, they may be used to attach covers or for maneuvering and:
tilting: vssels to pour out the contents. '

Vandiver and Koehler 1986
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Not oy can clay objects be made in a limitless variety of shapes, their sur-
facess cn also be manipulated in many ways to alter the texture, color, and
overall ippearance of the formed piece. The characteristic patterns of pottery

embellihment define decorative styles, and the analysis of these styles is the
founclaton for anthropological and archaeological inferences about social and
econoric interactions, artistic communication, and the dating of prehistoric
sites.

Th is hapter outlines some of the approaches to decorative style and stylis-
tic ansalsis that have been employed in the study of pottery and suggests some
probbers. As noted in chapter 7, it is clear that the finished surfaces of pottery
vesse Is re not “merely” decorative but have a multitude of functions.

8.1 What Is Style?

Style isa complex concept that is applied in a number of disciplines and is
difficualtio define with precision. The term is perhaps used most frequently in

the arts md literature, where it has two primary meanings: a manner or mode .

of expprasion (as distinct from the content or ideas expressed), and the dis-
tincticon,originality, and character of that expression. In anthropology and ar-
chaeo loy, however, especially with respect to ceramic studies, this separation
of corteit and execution (or technique) in definitions of style has not been
maintzied; indeed, there has been emphasis on the former.

Virtwily all definitions of style in anthropology stress communication and

mnformalon transfer. Styles are generally considered visual representations, -

specifiic b particular contexts of time and place, that at the least transmit in-
formantiar about the identity of the society that produced the style and about
the sitruaion or location where it appears. Styles may be thought of as cultur-
ally strutured or “standardized” in some senses: their components are se-
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lected from within a relatively narrow body of interrelated technical, the-
matic, and aesthetic alternatives and combined by a set of Tules. All of these
are, by group consensus, peculiar to a given cultural system. '

" This standardization does not imply rigid conformity or homogeneity, how-
gver. Styles are open rather than closed systems of expres.sion,.cqnstantly re-
ceiving and-transmitting new information. Variations exist _w1th1n them be-
cause there is usually a range of alternatives from which choices can be made
and some flexibility in their application. In addition, several styles or style
variants may be appropriate to particular behavioral contexts. Thus the degree
of frec or idiosyncratic variation that exists within styles is also culturally
significant. o

Anthropologists and archaeologists use the term style primarily to mean

* decorative style, that is, the surface embellishment of an object. Other style
realms, such as technological styles, which encompass the techniques of
* manufacture and execution (see Lechtman 1977), are also important but have
not yet been systematically investigated in pottery studies. .
- Por archaeologists, styles—especially pottery styles—have long been im-
* portant in reconstructing the histories and cultural relation of peop}es who
~ occupied archaeological sites. Although other artifacts such as archltectm"e,
lithics, or textiles are important in these efforts, pottery has played a premier
role. This is no doubt partially because of its ubiquity at archaeological sites,
but it also refiects the fact that pottery making is an additive technology. That
is, the steps of making and decorating pottery create a cumulative record of
the choices and procedures the potter selects throughout the process of manu-
facture. The greater the evidence of choices, the greater the potential for un-
raveling the complexities of stylistic behavior.

Archaeologists have tended to avoid explicit definitions of style, howevcr,
and so style often has been effectively either undefined or defined negatively,
relegated to the status of an ambiguous residual category for aspects of ar-
tifact variability that could not be explained in terms of other attribute sub-
Systems or agencies (such as function or raw material). Since the 1960s, sty}e
has taken on increasing importance among archaeologists who seek to explain
variability in the archaeological record in terms other than the simple chron-
icle of events (e.g., Weissner 1984). Despite this amplified role, the conc‘ept
of style (and its derivatives, such as stylistic behavior or analysis) is still being
employed with little effort at precise definition. The most detailed treatments
of the concept have sought to explicate the relation between stylistic and func-
tional variation in artifacts, though occasionally with contradictory conclu-
sions (see Dunnell 1978; Sackett 1977). :

8.1.1 Origins of Styles

Specific origins or causes of stylistic behavior in human groups are nea.rly im-
possible to pinpoint. Distinctive styles of architecture and art, includlpg ce-
ramics, are associated with the development of civilizations, standing as
symbols of a powerful state organization, but it cannot be claimed that these
are the earliest art styles in human history. The Paleolithic art of western Eu-
rope (Leroi-Gourhan 1968; Conkey 1978) exists as a powerful medium of ex-



puession that amply qualifies as a style (or as several styles), even though thery
is muconsensus on its interpretation. :

Anumber of hypotheses have been advanced to account for the develop
meeriof styles and their maintenance within particular societies. These hava
callel attention to social, psychological, and environmental factors and in.
cludt some of the following variables: technical evolution, historical diffus
sion settlement patterns, child-rearing practices, presence of sex-specific so-
cial goups, wish fulfillment, and environmental pressures (see Fischer 1961
Wl 1969).

styles Styles are not fixed, static entities: they also have dynamic and pets;
somalelements that are particularly important in any long-term perspective,.
Wiithit a community’s style, then, individual microstylistic variants may be’

hig hlydistinctive. Societies differ, however, in how much departure they per-

mit: fim the norms of their particular traditions and in the acceptable sources

of =wh innovation, whether very personal experiences (e.g., dreams; se

psyxhdogical and social factors underlying individual creative impulses and:
thei r efects on stylistic change in pottery come from ethnographic contexts in’-

a munter of areas: tropical Peru (Lathrap 1983}, highland Guatemala (Rein:

1963) the Southwestern United States (Marriott 1948), and Africa (Thompson '_

196my, .
A clacologists have shied away from many of these considerations and
rarelly ty to address individual style variations in pottery or other materials:

This. isunfortunate but understandable, because to deal with individual styles :

in prelistoric contexts requires not only isolating significant variables of the
genesralstyle from other aspects of variability (use, manufacturing technique;,
etc.} bu confidentiy recognizing individual variations between artisans. Indi-
viduaziscan sometimes be satisfactorily differentiated in prehistory if their
OutpLt ¥as copious or extremely distinctive, or of course if they signed their
work, s did the Greek vase painters or Arretine moldmakers, for example.
Comple painted styles may provide the best opportunity to discriminate indi-
vidual rtists, because there are more steps in their execution and hence
greater ipportunity for idiosyncratic and perhaps unconscious variation (see
Hardiin 1977; Hiil 1977). Otherwise, heuristic categories such as “micro-
styless” 0. Muller 1977) or the “analytical individual” (Redman 1977) may be
the smalest constellation of stylistic consistencies that can be reliably isolated
in prechitoric contexts. Although these do not necessarily correspond to the
work - ofa single individual, their high level of similarity may reflect task or
produsctin units,

8.1.2  trminology of Styles

Besidess te difficulty of defining styles per se, a wide variety of terms are
used to discribe particular kinds of styles as well as some of the specific com-

Figure 8.1 Interior of a Macaracas polycfhr.ome (A.D.
700~800) pedestal plate from Panama, depu‘:tmg_a saur-
jan figure with human attributes. The vessel is pamted. in
red (hatching), bluish purple (stipple), and black on white,
‘After Cooke 1985, 33,

Figure 8.2 The design configuration of a black-and-
white vessel from the El Morro Valley, New Mexico. After

Redman 1978a, fig. 4.3.
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ponents or analytical units of styles. Styles are often f:lr:scnbed by comm;zj
though by no means intuitively comprehended, express ions such as repr;:lse ta-
tional, naturalistic, realistic, abstract, iconic, or geometric. The ﬁrst. f ree-
representational, naturalistic, and realistic—refer tq styles that_ conséltute (pﬁlc—
tures of things portrayed more or less accurately, w.1th emphasis on form ag;
8.1). The last three—abstract, iconic, and geometric (e.g., ﬁg.'S.Z)f—are' p-
plied to styles in which the subject has been reduced‘to a selection o patl:n;:ur
lar features regarded in some way (usually in s;(zimbohc content) as essential o
ic; the full visual character is not elaborated. o
baicziiff:rent set of terms calls attention to the relative .degrecs of 1jealhsm in
art and art styles. Although two-dimensional art rarely is truly reallstu;], r:,lp-
resentational forms (e.g., of animals) differ in how much thp parts. of the te—
sign are distorted to fit the space (Holm 1982). Co.nﬁgu'ratwe d651gnsh try to
achieve an essentially realistic likeness with little dlSt.OI‘I.:IOI.’l. At the other ex-
treme are distributive designs, which sacrifice a realistic image to a horror
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hatched step.

their combination into motifs (b). After Washburn 1977,
fig. 10.

b

vacui, +a red to fill 3 given space compietely, so that the relationship of the
parts is: gratly distorted. Expansive designs fall in the middle: there is some
distortisonin the image but less insistence on filling all the available space,
Whateverierm is used to describe a style, it is evident that an important part
of the coonept concerns the characteristic way the artist defines the space to be
decoratedind the way that space is filled.

Besidlesthe descriptive terms for various styles, another vocabulary is em-
ployed fforthe components used to create the design and fill the design space

(see Friedich 1970; Hardin 1983): element, motif, configuration, basic unit,
layout, znt structure.

stroke, foor :ixample) it becomes difficult to separate them from larger, more
inclusive dsign units once they are conceived as composite.

Desigm notifs are fixed combinations of elements that are used to form
larger cormpnents of the decoration (fig. 8.4). They are usually large or com-
plex enowmgtto fill major portions of the design space, and they may occur in
£roups raitty than singly. For example, a diagonal incised line may constitute

Figure 8.3  (left) Some of the individual design elements”
found in the vessei shown in figure 8.2: a, single straight
band, touches rim; b, single solid step; ¢, obliquely :_-
hatched, straight-based, merging, isosceles triangles; d:
single rim line, does not touch rim; ¢, single straight ling;
touches rim; f, single solid angle band; g, single obliquely

Figure 8.4 (below) Some common basic elements (@) and
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design element; these diagonal incised lines may be combined as hachures

within the motif of an incised triangle.

The design configuration refers to the way the decorative motifs are ar-

- ranged to fill 2 spatial division, constituting a visual complex that is essen-

tially recognized as *“the design.” A row of incised triangles, for example,

- may constitute the design configuration of a particular area of a vessel. It T%y
 be the only decoration on the vessel, or it may be combined with other motifs

and configurations. Configurations may be relatively complex, involving

i ivisions of the design space. ‘ .
var'll"(l)xgsbil;]i:::dunit of a design is the conceptual category the art:_st uses_t(? fill in
the design space; it equates in a general way _w:th _what tt%e artist envtllsl,;orrlsoz;i
the primary constituents of the design. Basic lumts are in essence o ot
immediately recognizable components of a des1.gn, zfnd s0 may be eazll v o
rowed or imitated from artist to artist. The bas;ﬁc unit may correspond to lle
ferent design levels in different communities—it may egufate with desxgr'l e t-
ments, with motifs, or with configurations—although it is perha;:,vs easier _o
envision it in terms of the larger units of motifs and conﬁgu_ratmns. Bas,lli
units are categories in the mind of the artisan and tl'll.lS may be difficult to wor
with in prehistoric contexts without too much subjective mfercn(':e. i

Other important terms address the arrangement of tl?e decoration—its ele-
ments and motifs—on the vessel; that is, the decorative 'layout or structt;;e
(fig. 8.5). Layout or structure refers to where the decoration appears on the
surface area—whether the area is subdivided and bounded {and if so, how),
the symmetry and balance of the decoration, 't_he amount Qf space cogered,
and the placement and relation of differenF elements, motlf's, or co]r{l_ g(glura;
tions (fig. 8.6). The location of decoration in generz?l or of d'xfferent inds 3
decoration has clear associations with how a vessel is botl} viewed ?.nd used,
as discussed earlier, but design layout is usually studied with the object of re-
lating it to other structural patterns in the society.

8.1.3  Analysis and Interpretation of Decorative Styles in Pottery

A satisfactory definition of the concept of styl'e is only one step in anal_)(;zmg
decoration on pottery or other itemns of material culture. Anoth'er considera-
tion is the relation between the pottery decoration and the society that pro-
duced it, a concern that is frequently dichotomized into questions concerning
only the form or the visual qualities of the decorative style as opposed to its
meaning or content (see Schapiro 1953; Silver 1979). . .

The formal qualities of styles are encompassed by the tferms 1sc;sse :
above, which concern particular elements, motifs, conﬁgu}'atlons, andv; e(;q_
rative layouts. The so-called traditional approach to analg./sls of pottery stty e:
focuses on identifying these, grouping vessels or sherds into class_es or fhp:n
by the presence/absence of certain stylistic features. These categories are 1
used for reconstructing local and regional site sequences througl:n sgrlaltllona
arguments of relative similarities and inferences of gradual styhstxr;hc ar;ge_:
(sce sec. 14.1; also Willey and Sabloff 1980, 71-—73, 84-100). The tgte;)
graphical distributions of particular elements, motifs, and styles on pottery
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Figure 8.5 Modern Pueblo (Southwestern
United Stat-es)jars and their design arrange-
ments. Area oldesign on vessel is shown by
stipple; sma_il liters within zones indicate par-
ticular desigensind their repetition: @, Zufiji—
Jars have tweo ontiguous units of decoration,
fteck and bo-dy,and clear distinctions as to the
designs that “bebag in each (after Bunzel 1972,
plates {lla, Mz, ¢); b, Acoma—although the
Jars are nearlly te same shape as Zufii jars, the

entire jar is a single design space and is cov-
ered with elaborate motifs emphasizing the di-
agonal (see also fig. 1.10) (after Bunzel 1972,
plates XIf, XHla, Xlld, XIMb; ¢, Hopi—
the shallow, squat jars are decorated on the
upper shoulder, presenting a ring-shaped field
that can be viewed in its entirety in painting

and use. (after Bunzel 1972, plates XVa,
XVla,b,c).
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ore 8.6 Structural and design elements on a Susa STEI':JEJEJNR:;-
gaq) beaker. After Hole 1984, fig. 2. ;
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also permit hypotheses about contacts between sites or regions. Where the

areal spread of a style is especially extensive within a relatively brief period,

it is often referred to as a horizon style (see Willey and .Pl’lﬂllpS ; 95_ 8, 3;1u—n 32-
Comparatively little effort is made to uncover the speqﬁc mec ai‘nsltsignChanges
lying this spread, however, or the processes involved in the styli
in dating sites.

us?]f(‘ih:)s: ztudgying the meaning or content of styles addre§s thehn;an}(; (\;&;}; i‘t
expresses deep-seated characteristics or beliefs of the society af pri due tw(.)
The meaning of a style can be construt.ad on sew?ral levels, odctc;1 ’ St;ict]y
rather straightforward types of content interpretation go beyoln he stmctly
visual aspects of the style. Thus at one level of meaning s‘ty e is soen @ 2
reflection of aesthetic preferences, conscious or unconscious; at aqo; I, grn_
is considered to mirror significant features of the naturall and socia @vn;h ™
ment. Particularly useful in societies whose art {ceramic or oti}ller) 1ts, rﬁam_
strongly representational, these approaches frequently adgriis t el ;r3 7s. byne
ral, mythological, or iconographic themes (e.g., fig. 1.10; ‘erah 1973)
1976; Bankes 1980; Proulx 1968; Thompson 1969; Coe. 1_978, Lat.rzg) : ‘ﬂ;

Some of the most complex approaches to pottery stylistic analysis ;a .w12ll
a third level of meaning. In such approaches the content of styles_—lf:»ot , l\lus;lo-
images and spatial arrangements—is seen as a symbolic code rein ont'c lef o
cial and cosmological structures, beliefs, and values. Dec:?rapve 8 yd e
thus a kind of visual communication that reproduces ti_le pr'mc1ples a:1. el
tionships by which a community structurgs and organizes 1fs pirccpsg) s o
the cosmos and of social realities—consciously (;rg gg)conscnous y—

ience into coherent categories (Munn . _ .

or?;i:xﬁzl;ez(; decorative styles emphasizes thei-r information confcnthat;i
communication fonction. Numérous variants of .lhlS general pcrs%ectr;e i:t '
been applied to pottery analysis by a.rchaeolog.lsts and eth;loarstait:: tc;geth:
addressing sociocultural matters ranging from interpersona co iacts oo
nicity to social structure to cosmology. Hypothcses' vary corllcerm_ I o source
and intent of information contained in the decorative style; that is, w
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stemns. from conscious or unconscious selection by the artists; they also vary
on thenature of the intended audience and on how the pottery is meant to
used ordisplayed. Because one may question to what extent the hypotheses of
styliisti communication exist purely within the explanatory framework of an.
throppobgical/archaeological reconstructions, some of the information func.;:
tionss «f pottery decorative styles may be intentional, active, and direct while
othe:sinay be inferred, passive, and indirect. :
Altbvugh it is difficult to categorize the many kinds of stylistic analysis of
potierydecoration and their interpretations, three major approaches can al-
mosrt b considered schools: design element analysis, symmetry analysis, and:
desigmitructure analysis. Other avenues of investigation focus more explicitly:
on the ntended information content and meaning and on the symbolic role of
the adeworation. :
N-om of these approaches is exclusive, however, and a good deal of cross-
fertilliztion of ideas and procedures occurs between them all. Most analyses’
of pwttry decoration and decorative styles have used painted pottery. Few if
any sadiress in any essential way the significance of color per se as opposed to:
textureor form (see Sahlins 1976) or the implications of incising as a deco:
rative tchnique that emphasizes boundaries (see Douglas 1966, 121-22):
Thus dey are not limited to painted designs and can as casily be applied to.
impresed (e.g., Broyles 1968; Irwin 1974; Saunders 1986) or incised pottery
decosraton. :

8.2 [Kesign Elements and Interaction

Desiggnelement analyses typically attempt to isolate the individual elements -
of pottry design and explain their spatial occurrence in terms of the social
behavir of the makers and users of the pottery. This approach to pottery sty-
listic anlysis was developed in the early 1960s as archaeologists tried to ex-
pand th: inferential potential of pottery beyond merely dating sites. Its theo-
retical lasis is the proposition that the similarity (or comparative frequencies)
of dessip elements between groups will be proportional to the direction and
inten:sity of social interaction between members of those groups. _

Thais yroposition is generally referred to as the interaction hypothesis or the
socia | iteraction theory; it is also named for two of its earliest and best-
know=n xponents—the Deetz-Longacre hypothesis. Regardless of the label,
the ceental concept has been investigated in a variety of ways. The interac-
tions ofinterest may be between members of different social subgroups {clans,
famil ies, residence compounds) within a single community or site or between
differ-ew sites or communities. This hypothesis may also be used to compare
such _intraction patterns as they change through time.

Moxespecifically, these interaction analyses have been used to measure
similariy of design eclement occurrences between two social organizational
units (btween-group similarity; Longacre 1964, 1970), the homogeneity of
elementoccurrence within a particular group (within-group homogeneity;
Whalllon 1968), and the associations of elements between different styles
withim « between groups (Dectz 1965; Whallon 1968). These uses are closely
interrecléed and are often combined to infer degree of relationship from pre-
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Figure 8.7 Designs on Arikara pottery handles used in
one. of the early interaction studies. After Deetz 1963,

fig. 23.

E u
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historic material. Most of these studies have been carried out in the culture
area where the approach was pioneered, the Southwestern United States, but
several have been undertaken in other regions, including the northeastern re-
gion of the United States (Whallon 1968; Engelbrecht 1978), Mesoamerica
(Plog 1976; Pyne 1976), and the Near East (Johnson 1973; LeBlanc and Wat-
son 1973). .

Briefly summarized, this procedure begins with compiling all the design
elements appearing on the pottery of interest (fig. 8.7). The frequency of oc-
currence of each element in the pottery assemblage associated with each
group or subgroup is tabulated. These frequencies may simply be compared
directly, or a statistic may be calculated to express the similarity of the potte.ry
of each group to that of every other group. The covariation of simila.rrty
coefficients with distances between sites may be measured, if distance is a
concern. Because these studies can involve comparing a hundred or more ele-
ments on several thousand sherds, computerized multivariate statistical pro-
cedures have been invoked.

Design element analyses are interpreted within a context of postulates about
historical or social reality for which the interaction hypothesis is believed to
be a valid test, such as descent and residence rules, frequency of intermar-
riége, and intensity of religious or economic contacts between groups. When
the comparisons are through time rather than between geographical areas, the
object may be to look at the effects of warfare, subsistence shifts, or accultu-
rative changes, for example, on patterns of social interaction as measured by

\
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stylissticsimilarities. Recent studies have attempted to correlate frequencies of

decomative elements and variation in design systems with individual work
groups aging of potters, and seasonal changes (Graves 1981, 1985). Because
of thesefoci of inference, the design-element approach has also been called
“cerami sociology” and “ethnic iconography” (Sackett 1977, 376, 377,
Dezsi g element analysis has been carried out for two decades and has re-
ceivend mormous criticism in several reviews (see, e.g., Watson 1977, Plog
19785 Fhdder 1981; Washburn and Ahlstrom 1982). Some of the criticism is
directtedioward the interaction hypothesis, while some is leveled at the use of
desigm dements in ceramic style analysis. Because these crificisms have pro-

vided. tl: foundation for many of the later approaches to ceramic stylistic

analysis they are discussed here in some detail.
8.2.1 (ritiques of the Interaction Theory

Critic: isms of the social interaction theory are directed primarily toward two
issues:, ad the validity of the objections depends in part on how the interac-
tion prroposition is stated. One criticism concerns whether styles primarily re-
flect s:ocal relationships or whether they are equally (and confoundingly) re-
sponsmveto other phenomena such as ecological factors or belief systems. The
seconal ficuses on the explicit statement of the interaction hypothesis, which
claims adirect correlation between the degree of stylistic similarity and the
intenstityof social interaction.

With zspect to the first objection, it can be noted that styles, whether in
cerarmiic lecoration or in some other class of material culture, can refect so-
cial interctions, but they need not do so necessarily or exclusively. The Hopi
and H-opiTewa Puebios live in three contiguous villages but have different
languasges, religions, and social patterns; nonetheless they manufacture iden-
tical p-otiry (Stanislawski 1978, 225-26). In contrast, in the Baringo Dis-
trict off western Kenya, considerable stylistic isolation is observed in some
categortiei of material culture despite a long history of easy intertribal com-
municatin and movement across tribal boundaries (Hodder 1977). Clearly,
physicsi proximity and potential or actual social interaction are not deter-
minatiwe)f stylistic similarities. Different kinds of interaction in varying cir-
cumstancs may evoke dissimilar stylistic responses or degrees of response in
differemt tategories of material culture. Unfortunately, there is little under-
standimg bout the variability in those responses. '

The seond criticism of the theoretical underpinnings of the social interac-
tion hy pohesis—-that there is a positive correlation between the degree of sty-
listic simiarity and the direction and intensity of social interaction—is much
broadew #lan the first, more complex, and more damaging to the entire prac-
tice of &l cent analysis. The objections concern the legitimacy of the particu-
lar asstaimtions that underlie this research and the corresponding validity of
the intezrpetations drawn from them. These critiques have been elaborated by
culturall aithropologists, many of whom have conducted studies of pottery
manufactre, decoration, and use in modern communities and have discov-
ered flawsin the “‘ceramic sociological” approach. Most serious among the
difficulttiesare oversimplified assumptions and inattention to confounding fac-
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tors in human behavior. These problems fall into four dis.tinct subject areas:
inferences about descent and residence; patterns of ]earmng; 'archaevologlcal
record formation (the relationship of manufacture, use, and refuse disposal);
and the role of other mechanisms in the spatial movement of pottery vesge]s.
A fifth concern is the frequent lack of control over the time dlmensm_m,‘smce
stylistic- variability may be primarily temporal il} n'atur_e, but as this is not
specifically a criticism of the interaction hypothesis, it will not be treated fur-
ther here. o _

Design element studies initially carried out with prehistoric potte_ry in the
Southwestern United States were based on ethnographic analogy, which retro-
dicted the matrilineal descent and general matrilocal residence among con-
temporary Pueblo Indians into the archaeological past. The §ubstfince of the
major critique of this assumption was that residence rules as identified by an-
thropologists are largely idealized analytical constructs that are n.ot unvarying
within communities; the likelihood of finding a community that is purely ma-
trilocal in residence is very slim (Allen and Richardson 1971). _

In conjunction with the hypothesis of matrilineality/matrilocality, the early
Southwestern design element studies assumed that the potters were all fema]'e
and that they learned techniques of manufacture and decoration froyn the¥r
mothers (Bunzel 1972, 54). Since this work, numerous studies have investi-
gated learning patterns and sources of inspiration for decoration on pottery and
other objects. In the Hopi and Hopi-Tewa Pueblo villages, for example, four
teaching patterns have been found to be most common—mother/da_ughter;
mother-in-law/daughter-in-law; aunt/niece of. different clans; and neighbor/
neighbor—and eight other teaching situations have also been observed (.Stan—
islawski 1978, 219; Stanislawski and Stanislawski 1978, 66—73). Studies c?f
craft learning carried out as part of the Coxoh {Maya) Ethnoarch‘aeologl-
cal Project in three communities in the Maya highlands identi_ﬁed six lear'n-
ing modes—family-centered (nuclear family), corporate (remdegntlal), kin-
extensive, minimally structured, formal schooling, and specialist (Hayden
and Cannon 1984, 330—41)—of which only the first three relate to kinship or
residential organization. Investigations of patterns of learning the desig'ns and
techniques used in painting cloth and pottery in Peru emphasi-ze that resxdenc_:e
proximity and economic and artistic cooperation, irrespective of actual kin
ties, promote stylistic transmission (Roe 1980; Lathrap 1983). tl“hfa Coxoh
project study of the kin-extensive mode of learming reached spm]ar con-
clusions and emphasized cooperative socioeconomic relationships between
households as well as the frequency of the craft activity. In this case, however,
the stylistic variables of pottery were not painted decorations but body shapes
in cooking vessels (table 8.1), which, for technological and othc-r reasons
{secs. 7.3 and 7.5), are apt to exhibit a very restricted range of variability in
the first place.

The correlations proposed in the interaction hypothesis have also befan
criticized from the point of view of archaeological record formation. That is,
it may be questioned whether the location of archaeological recovery of pgt—
tery—particularly broken fragments—directly reflects the 1oca.1t10n of }ts
manufacture and use. This is partly a question of scale of production and dis-
tribution of the ware, as discussed in chapter 7. In addition, though, the spa-



Table 8.1  Olla Form Visaus Produced in Potting Households in Chanal, Mexico

Household

Pointed Round
D num_ber Spheroid Elipsoid Ovaloid QOvaloid Cylindrical Hyperboloid
3 X X
4 X X
[ X
7* X X X
9 X X
10 X
13 X X X X X
14 X X
15° X X X X
16 X
17 X X
19 X
20 X X
22 X X
24 X
25¢ X X X x
27 X
28 X X X
2% X X
30 X
31 X X X X
37 X X X
41 X
43 X b4 X
452 X X X X
48* X X X X
33 X X
Totals (N = 27 househoids) 8 23 13 13 5 1

Source: After Hayden and Cannn 1984, table 8.

*Three potters in household.

*Two potters in household,

tial disle:ations caused by discard and recyé}ing of broken vessels (sec. 93.2) .

may d isnpt the inferred relation between local manufacture and use and thus
weake n te underlyin g premise of the interaction hypothesis. Within or around
asite, buken vesselg may be left more or less in place, or they may be swept
outside ito areas of general refuse disposal, which may then be modified fur-
ther as ofl or new areas are incorporated into the living space.

Finaslly, the disposition of pottery styles within and between sites may be a
conseq weice of other similarities, differences, or social arrangements among
the inh:abtants besides interaction intensity. For ¢xample, different kinds of
pottery my be made for men and for women (e, £., Crossland and Posnansky
1978, 89) or different styles of decoration may be applied to marketed wares
and to thae intended for the potter’s own use (e.g., Baifet 1965, 166).

Also,, pttery may have been traded widely through a region. To be sure,
such distrbutions do reflect interactions at some level (i.e., socioeconomic),
but thew ze not of the sort that can indicate social organization, residence,
marriag-e nles, or patterns of learning within the family. The relative frequen-
cies of thetraded pottery at a site or sites may register social interactions such
as intertmariage or ritual activity, but on the other hand they may be equally
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or more sensitive to scale of production and distance from the manufacturing
center. It is therefore necessary to have some sort of control over the manufac-
iiring provenience of the pottery in question (see Plog 1976, 256—59, 1980,

54-76).
8.2.2 Critiques of the Element Analysis Method

The second broad area of criticism of the ceramic sociolog?clal studies is_ meth-~
odological, questioning whether design elements are sensuwe? to the kinds of
interactions being proposed and what procedures are appropnate.. Three spe-
cific problem areas have been raised: defining elements, sample size, and the
' statistics used. .

How to define the design ¢lements and construct a typology of them is a
particularly vexing issue. In most analyses the criteria have bf:en vague and
subjective, making it difficult to evaluate the success of the studies or replicate
their results because of interanalyst variation (e. g., Plog 1978, 159). Long-
acre’s (1964, 163) elements were chosen as “the smallest units or elements of
design that would be nonconsciously selected [by the: Pottcr]' based Bpon
learning patterns,” while Deetz (1965, 46} defined a stylistic attribute as “one
which results from a choice on the part of the manufacturer from a number of
possibilities, made to produce a certain effect.” Thus one deﬁn%tion of _e]e—
ments secks unconscious selections while the other looks for conscious choices
(i-e., basic units) to be reflected in the units measured; there is, however, no
way to objectively verify either viewpoint. In many studies the procedures
used in defining and measuring elements were simply not clearly spelled out.
An additional problem is that analysts disagree on what constltt'ltes an ele-
ment: what is an element to one person may be a motif or an attribute to an-
other, and the procedures of element analysis have also been used on design
motifs (e.g., Pyne 1976).

A second methodological criticism concerns sample size. Most of .the' ce-
ramic sociological studies have explored a wide range of stylisfic varla}blhty
ehcompassing different motifs, types, and forms as they vary with location or
time period (table 8.2). For this reason a large enough number of sherds or

Table 8.2 Sample Sizes and Contexts in Design Element Analyses

Number of
Number of Important Areat
Number of  Elements Number of or Temporal
Study and Study Area Sherds ot Attributes  Sites Divisions
Hill 1970 (Broken K, South-
western 1.8.) 2,849 53 1
Longacre 1964 (Carter Ranch,
Southwestern U.8.} ' 4,160 175 1 39 rooms
Cronin 1962 (Southwestern
Uus) 2,188 45 7
Plog 1980 (Southwestern U.S. 3,110 12 5
restudy) 1,177 22 )
Deetz 1965 (Arikara) 2,000 200 2 3 timc'e periods
Engelbrecht 1978 (New York) 8,500 5 28 4 periods




sec. 92.2),

N'o gridelines have been offered on minimum sample sizes. One early study -
(Tuggl 1970) suggested that if samples are smaller than 75-100 cases per -
locus ol interest (a site, room, etc.), the statistical calculations of similarity or

correlaion will not be reliable. Reexamination of this finding with a different
data sclyielded contradictory results, suggesting that noncontemporaneity of
sites inthe sample nay cause spurious results and that issues of sample size
shoulld e considered site by site (Plog 1978, 157-58). ‘

A rehted matter is the statistical procedures used in calculating similarity
and i comparing sites or other provenience units. The methods include
sirnpBe sisual comparison of actual frequencies (Deetz 1965) as well as low-
level sttistical manipulations for measuring how attribute occurrence co-
varies vith provenience—for example, N-by-N contingency tables (Pyne
1976;. Izblanc and Watson 1973) or caiculation of the Brainerd-Robinson
similariy coefficient (Freeman 1962; Cronin 1962). More complex multivarj:

multipleregression (Longacre 1964). For more complex data sets, a matrix of
similamrity (or other correlational) coefficients (see Plog 1976, 259-62) may
be usesd 15 a basis for factor analysis (Hill 1970) or cluster analysis (Piog
1978, 16-71) of the data,

The prblems in applying some of these multivariate statistical models have
beea didsassed in some detail (Plog 1978, 166-77), calling attention to errors
caused bythe inappropriateness of the models’ assumptions to the data (size
of sampl, randomness of samples, intercorrelation of variables), or apparent
arbitrariniss in determining significant and nonsignificant results. In the case
of this paticular criticism, the problems lie not with the aesthetics of the ele-
ment aralisis per se, but with the fack of familiarity with the statistical trans-
formati-om involved in interpreting large multivariate data sets.

8.3 Alitenative Approaches to Style

The crit-icims of design element analyses have been discussed in some detail
because inmany ways this body of data, which has been considerably aug-
mented, revorked, and modified over the past two decades, forms the basis
for a “newgeneration” of ceramic stylistic analyses, The growth of the design

Concemnvith defining design elements as emically and socially meaningful
units is beejry replaced by an effort to deal with variability within and between

Life forms
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on “sclema™ (configurations) was proposed as an alternative (Jernigan 1986).
Amoher development in stylistic studies is the increasing awareness of the

relatiion of decorative units and styles to vessel form. Ethnoarchaeological’

studiiessof pottery manufacture have shown that potters may be explicit in
associzing specific design motifs and arrangements with particuiar vesgej

form.s Friedrich 1970, 335; Stanislawski 1978, 215). Subsequently this ob.-
servatim was explored in the archaeological record and found to hold true:
there aswell (Plog 1980, 112— 13; LeBlanc and Watson 1973). Nonetheless,
systezmuidic incorporation of this principle into design element analysis was be-

lated.. Gyvariation of design with vessel form is clearly significant to the inter-
actiom lypothesis, which interprets the spatial distribution of design frequen-

cies @s idicating intensity of contacts between different groups characterized -
materrialy by their stylistic distinctiveness. The importance of this relation-
ship it ilustrated by the hypothetical instance of a site including a storercom -
full oof troken storage jars. These Jars, decorated differently from serving .
bowls arother vessels, might mistakenly be considered the products of a com.

pletel y lifferent group of people than pottery from other areas of the site

{Wats:on1977, 388).

Fin.all, there is much greater awareness of the inadequacy of anthropolo-
gists” aml archaeologists’ understanding of style—both how to define it and
its traznsmission and change. It is in response to these deficiencies that a sec-
ond geenration of scholars of style has evolved, their attention devoted to sty-
listic andysis of pottery as well as other materials. Some of these more recent
studiezs ae still “ceramic sociological” in emphasis and fall within the pur-
view of he interaction hypothesis, while others frame their concerns more
broadily.

8.3.1 $mmetry Analysis

One agpoach to pottery design and style that emerged in the late 1970s is
patterm aalysis or symmetry analysis. The pioneering treatise on this ap-
proach: wis written decades earlier by Shepard (1948b), and a brief note sug-
gesting ik potential had appeared some years before that (Brainerd 1942).
Symmetn analysis is based on the principles underlying descriptions of the
three-dlinensional crystalline structure of atoms (Shubnikov and Koptsik
1974; Burger and Lukesh 1937, cited in Shepard 1976, 268). The approach
uses a sstadard set of terms for describing the property of symmetry with re-
spect to tle spatial position of geometrical figures and their movement across
a line ©r round a point axis. The location, shape, and size of the decorated
area on. th vessel are not of primary interest.

Symmnery analysis of ceramic decoration involves identifying and de-
scribing adesign pattern—any design with regularly repeated parts. The pro-
cess bezgin by first identifying the basic unit or fundamental part of the de-
sign. Thisrepresents “the unique part of the pattern from which the entire
compossitin can be generated” (Shepard 1976, 268) and may be either a
motif or @ element in conventional terminology. The next step is to deter-
mine th-¢ notion by which that part is repeated on the vessel or the transfor-
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—.Jn Fundamental part

PATTERN MOTION

Translation

Bilateral symmetry
(or mirror reflection)

___.- i -_..... - vertical
— - horizontal
il
Rotation {point)
_._.- . -— - bifold
‘ - multipie (3-toid)
=%
Slide reflection
-:! ______ .:__! ______ {translation + )
—- —- mirror reflection)
— :-_—_! _______ Countercharge

i ted.
Figure 8.9 Symmetry classes and kinds of  patterns from the fundamental part illustra

motion involved in producing different design

mation by which it is moved and super?mposed upon 1t§elf0a;0l$:da ()r:a(l)lncl);
imaginary point or line to form the d§s1gl}. If a design is tcicaé)
one nonrepeated fundamental part, it is said to be asymmetr o8 .mmctry may
There are four kinds of movementl; ';md thlus f(:::i giaSﬁdo Snﬁ e o
efined (fig. 8.9): translation, bilateral, ro , b
’hﬁagslation i(s tie éimple serial repetition of the element or parit aior:ﬂgi : ;;?ﬁi:f
line with no change in its orientation. Bilateral symmetry (also ¢
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a b c
Figure 410, Change in design symmetry by
addittiompf embellishments: «, rectangular ele-
ment; Bmotif—element filled with horizontal
hatchming both the design structure and the
motif-hae identical ciass 200 bifold rotational
Symnmetry; ¢, adding dots to motif b, means

that the figure can po tonger be rotated 180° (as
Symmetry of the design featuring repetition of
these units is translation (class 100). After
Washburn 1977, fig. 12,

tera (e g, fig. 8.6, top). A pattern repeated in t
sional infnite des;

It shooyli also be noted that Symmetry may be j

less exexcuion, asymmetrical curvature of the su

For exarmgpe, adding embellishments may

mperfect, because of care-
rface, or deliberate intent.
alter the Symnetry {fig. 8.10), or

shape of parts repeat through any of these

motions buthe colors alternate in some way, the pattern is said to have color

reversal or ountercharge.

Pattern o Symmetry analysis has been used to describe pottery decoration

primarily- fnthe Southwestern United States (Washburn 1977, 1978; Zaslow

in d) and still remain the same design. The -
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i rica,
i i lso been used in Mesoame
- d Dittert 1976), and it ha§ a _ oamence:
97?’5:511;1)}1: Zomparing the designs in this a;’ea;\¥ wnt]l} t;til:sg roet; Lhznd pua
i ; low 1981). Neoli
rai ; Shepard 1948b; Zaslo N Aegean
B{all‘lef; slizl‘szo beerI: described with respect to paFtern sg\/fmmégzri(k o).
ne;y ahas early pottery from Ban Chiang, Thailand ( an2ll o oy
983), asf the stated advantages of pattern or symmetry a.xl; iny pheapd
Onet'(:)n studies is the objectivity in classifying and describing
oratt

p da'
om t]l use Of lllathematlca CIm ripe ta OsH1oN Oi [E.Ill

d SCI‘lp 1 r'ms Ssu hel] 1n

e O (:llCVl(Pll i]le (le Q. O l) y i al SyS em ha
3 bon . O Q! { that

i i ignators or some combinatlon' of
R numf:c\?\lfazlsiﬁl:la? ff;l';:s,l flli(s))gdescribcs.a positior'la} not::g;n
the tw<_>- For ?ixampsu, rscripts, and subscripts on a bas‘]f: thref?-dlg}ttesy‘; esig;;
a1 23?)% a[tjfern translates into a one—dimensmn_al mﬁn& lesign
. e o ions Ia)ll'c:mnd the principal axis (bifold_ I’OtB.tlf)l’l) an cc()) nier
“ﬁ'th fewt;tl;ssteit:loggures along that axis. In plain Eng]lls]l;,':llgss((i)(;is(;glzl1 :ck -
of tn i i e triangle bei . s
o o hatche szoplp(sjﬁ;é%htl ;r)l,agﬁl:}fé :trlller hanf , uses alphab_ctlc;1 dess:)il:ﬁ:
ot hamhefll; i‘f)ro example: a “pge” symmetry class common, ,lI'lr ;1 e}aCk i
e to‘fieSCﬂ e,]ide lines alternate with rows of two-fold axes. . e pok ot
o Wheretﬁe descriptive notations in this approacp and the ten _etr;cgse
e cabulacy 1 be rather cumbersome may be stumbling biqcks ini ene.rauy
e t9 f the symmetry patterns of potte:ry'des1gn‘ha\«;cl [l pera
ko 0ithin the overall framework of the m‘te_rac-tlon ypoticma;
Peﬂﬂ o the som wwa as design element analysis. Tbe .1dea is that paer o
oty ¢ S?mes arZ characteristic of particular societies n(‘)t be;:auds - of e
symme,t Y pat ‘erns recognition of the motions or movement§ mvodve. i el
pott'ers conseiou but because of preferences and a repertoire .of eglg ol
des_lg" fepetltéonsh handed down from generation to generation. tyr;; metry
pattern Shamh ansensitive to time and space in the same way that' 8 3; A
patt'ems "o ;S 163), for example, noted that the Pueblo Indl.an ot the
Southe (194U, ited étates and the Maya had different symmet(rju:s ot
Sou'thweswm hn h the motifs were similar: the Puel?los s‘eemeﬂ ot employ
df’-ﬂgnS, 3V§n o commeonly, whereas in Mesoamerica slide re ecdiffe[;em
blfo}'d ol mo::ithin the Southwestern United States, howeﬁzr, Ny
e o are characteristic of particular subareas (Was -ur o)
Syn:lltllft?gtslyistt:g:ms that different cultures have difflerentt ‘dcco;;a;:;v;:cg oms
" i mathematics,
et descriped o et;l ?111;)/8 )rlrrll::;r:f.t?h:; tﬂiflzgcn interpreted in the cor;ix;ozf
o t'hese dli_:ff;l'eil Canizationzall and interactional factors_, b.ut these zllr: nottor.
. SOcmd ] iciﬁc sociocultural features such as residence mt tel: s were
mu}ated' o SPC sociological design element studies. Insteacl,]. ;c hangs
oy cera'mc; have included indigenous versus introducec.l sty 1@; ot
(Washton 195 identification of production and market'mg rela 1% hips
EgaSll:l‘;um ggg;’ ;nd prolonged long-distance trade relationships (Za
ashburn s
i i s as op-
1981)1. k of consensus is evident concerning the behavior ofepﬁttSOtheSizeg-
oidat((:) styles and motifs where contacts between cultures are hy
P
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It i wt clear, for example, how readily patterns or symmetry relationship; Design
willl #: transmitted and integrated into local styles compared with simila " Element
tramsriission of motifs, Brainerd (1942, 165) suggests that in comparing twq

regi-om, if a motif can be originally associated with a particular symme, ./

Systery in one area, its presence in a system with different symmetry pri
ciplas. uggests that it was added to that system from its original area. Zaslow,
(198,39}, however, suggests that if a design is copied from one area intg
another the pattern will spread as the artist deciphers basic construction pri
ciples firough visual recognition, but the embellishment is likely to be in ¢
locall syle. _ -
Tt ymmetry approach is still relatively new, and it is not possible to spec
ify thesituations in which patterns will or will not be transferred. Nor has it
been swjected to extensive ethnoarchaeological testing as has the design el
ment aproach. Thus far, however, the tendency has been to argue that in
sitwastions of geographical proximity or known contacts, similarities between'
areas: bispeak some transfer of jdeas concerning symmetry, .
Re=ceit applications of Symmetry analysis to pottery designs have endeav-
ored tomake intersite comparisons more objective and systematic by using
mulii vaiate statistical procedures such as multidimensional scaling {Wash-
burn :ani Matson 1985). Symmetry analysis is also complementary to a non- -
hierarckical approach to design called “schema analysis” (Jernigan 1986, 7).
In aduditon, the procedures and interpretations of symmetry analysis are in
creasingy being linked to those of a third viewpoint in pottery stylistic analy- -
sis. wehih has been developed ethnoarchaeologically. By calling attention to b
the rofle of symmetry in the structure of designs, symmetry analysis may grad-
vally ¥al within the more general approach emphasizing design structure. '

X

Figure 8.11

Secondary

Primary Y
Configuration Element Adde
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Design configuration classes. After Friedrich 1970, fig. 2.

8.3.2  lesign Structure Analysis

Interest in the structure or spatial arrangement of the designs on pottery or
other deorated objects is not new: it is part of virtually all approaches to art
and style In pottery analysis specifically, although layouts and structures
were dlisnssed and illustrated by Bunzel (1972, 13-48) and Shepard (1976,
259-3 05, the elaboration of these discussions in the 1970s can be seen as a
Iesponsse o questions about the methods and mterpretations of ceramic soci-
ologistss tsting the interaction hypothesis. For archaeologists, the seminal

Paper eon (esign structure was an analysis of the painted decoration on pottery
of a snualMexican village, San José, in the Department of Michoac4n (Fried-
rich 1970,

a

painted designs on a Tarascan olla, showing

This aproach sees design structure as the cognitive system, or body of or-
ganizedl kiowledge, that undetlies a particular style and through which the
style is poduced by artists. The design components are referred to as ele-
ments a.ndconfigurations and may be categorized as either primary or second-
ary (fig.. $11). These are united with a hierarchy of spatial divisions in this
cognitive ystem, the result being described in terms of four features: defini-
tion of #hearea to be decorated, that is, the deocrative problem (fig. 8.12),
identific athn of the basic units of decoration, classification of the basic units,
and iderwifcation of the rules by which the basic units are used to solve the

Figure 8.12 The system of spatial divisions
underlying the painted decoration on Tarasc.an
(Mexico) ollas: &, named parts of exterior
(a—f, major divisions; g—j, subdivisions); b,

different designs in each division and subdivi-
sion. After Hardin 1984, figs. 1, 2.

i d
decorative problem (Hardin 1983, 9). Because this approach was tflgi\rr:;:)pe; ;
by ethnoarchaeologists, it has benefited from the co;nplen:_entag i, o bgaSic

i ith i * verbal information
the analysts’ observations with mformants. verl ‘ ‘ N
units arg classified and the rules for combining tl}em in decoratmg”a;1 :;s;i;: :
Not only has this provided a fuller picture of the “design grammar \g



ineg tylistic structure, but it has sn
ticmand executions that are relevant to the ceramic sociological studies,

Oke of the tenets of the social interaction theory of pottery decoration i

because they are too easily copied and exchanged when there is £Ven minim
comtat between artists. Instead it is their structure (the spatial relation on
ves.-sel that relates to community identifications and standards; they
sharet more directly by birth cohorts than by kin or work groups (see
1985) and because they are Community specific they can aid in differentiatin
indiivitual locations of manufacture (see Hole 1984). Friedrich’s early wor
sugmested three particular aspects of design structure that indicate such iden
ficaticus: ( 1) organization of the spatial divisions
locartin of boundary markers in the design); (2) classification of design ele-
ments md configurations (as primary or secondary); and (3) the manipulation

or famtion of particular elements within configurations (Friedrich 1970,
338—3y.

upon thr extent to which the artisans who produced the archaeological style
were sachally interested in the designs they painted” (Friedrich 1970, 342).
Studyof the pottery manufactured in Quinua, a small community in high-
land Pexi, combined Symmetry analysis with a structural approach and ampli-
fied maary of these observations (Arnold 1983, 1984). The structural relations
evidemt n the design on four classes of vessels clearly reflect differences

8.3.3 Inbrmation, Diversity, and Symbols

The three {pproaches to style analys;

either Sipjorting or Opposing the tenets of the social interaction hypothesis.

Interacti_onis largely an ex post facto explanatory framework constructed by
archaeol ogsts to interpret the spati

tations. By this view th

(especially the presence and

TN U FANAL T3
R S - FTANLI WYL EIYL
T O A FTVE O TY TR

I

i active
nother approach to the content analysis of styles strc=is§efs» fmr:ggf; being
i i ctual info
i ication and sometimes addresses the a : 8
e ated wit i i is information theory (or sym
i ithi tself. In this inform
; icated within the society i = ' o
Oin;n ;?nctionalist) approach, the traditional dichotomy betwe;ng ;:;:IZf ne
o i it i i hat styles in any ca
ion i ; instead, it is posited ¢ ¥y
O e oortant 1 ions in i ion exchange. Styles send mes-
i tant functions in information y
B cial oe iti i up affiliation that are known an
ial, political, and economic group v and
B by 1 ing the message and by the person in
ized by the person displaying : o
cogzliizdit {Wobst 1977; see also Weissner 1984). The need for such m
rec ;

. i ereasin

ages arises as societies grow larger and more comtglex, \;‘r:éil tz(t)n (:31(::5 ;hcg)

- i tion about themse

the members to convey informa : o

.:::; tf:rphysically or socially distant. The messafe.s Sh?ld (t:; r;i‘:;l,)é :;Egre
i i ded by their audience. R
lly and capable of being deco . .

fl?t v:s:; b{: independent of the actual context of use of the med1u‘ms,e::::::i;?:;ig1
cl::}i,rly that context is important in establishing why the message is .

According to Wobst (1977, 327-28), style or stylistic behavior has three

) . . o
ajor functions. One is to make social mteractlons. more predlcttbli:czj ging
' Edjing immediate visual information about the participants, thereby

. ; ied or dis-
stress. Items of clothing, headdresses, insignia, af%i‘otPJect;;a\r‘f;i?d other-
" . aton
information about status or group affili >
played all bear inform: o fanction is that over the long
. licit. A second func . .
¢ be unknown or difficult to e : . ntia-
:Z;in as societies become more complex, styi{?s femforce s<;!(:1al ‘(ri:ffe\:r?thin-
tion ,by symbolizing group (rank, status) affiliation ffm('l Znhja:‘i:;r%s impor-
b : is, stylistic be
hird, and closely related to this, s .
group solidarity. Third, 03 ics between groups by visual
et ol i the boundaries between g
tant in signifying and maintaining et ’ most
messagesgof v):fithin—group solidarity. These styystlc functl(_JnS_ a:e :::iv(fri over
fully in three situations: in relatively large social groups, tl)“ “{:r the stylistic
some distance (physical or social), and when the artifacts bearing
messiges have high visibility. ) . f deco-
Theﬁe symbolic functionalist analyses of .the mformatlor(liat rglzlgscly .
rative styles in a variety of material categories have pursue ‘;lthe' message
Iated interpretations. One concerns the content or substance 0the e
(usually with reference to iconography), and the Other,addre?ste: have been in-
situation in which the message is being sent. Both v1ewp01nh casily trans-
vestigated ethnographically, and the perspectives can be rather
ferred to archaeological settings. ) . identifi-
A series of studies of the role of material culture styles in b;);migg;)dien o
cation and maintenance is provided by HOd.d er (1977, 1917 ul‘;ure—potter}’,
Baringo District of Kenya. Different categories of material ¢ o diffene
calabashes, clothing, ornaments, hairstyles, weapopsfm?g 1? se{lse at all,
roles in group identification, or they may not functtﬁ:; 1;2 ex?)ected to carry
i boundaries can "
Only when they do call attention to : , hange
styli};tic messages. The need to support social relatlons ::mcll ‘:1:;6; :\l’fl:llcf stylis
. ' 450) observes, the ro ;
through time, but as Hodder (1979b, ’ . ions exist be-
in syflbolizing group identity is especially mgmﬁc_ant whel? tiﬁm(;:lations he-
tween groups. These tensions may be institutionalized, as in the “tuational
tween males and females within a society, or they may be acutiiiconmental
strains, as in warfare. The stresses may also stem from.broafier en Lo 8
relation,qships and economic competition, with ramifications in socia
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Becuue the message functions of styles are fulfilled to varying degrees:

differenitypes of material objects, it is important to consider how they apply

to pottey and pottery styles. Although pottery may serve in the most m

dane tasls, such as cooking and food storage, it also may be used in culturaily‘

signifiicant or emotionally charged situations, for example, religious ritg
mortu.ary activity, and a variety of ceremonies involving food. Its portabilj
is an ad untage in transitions from familiar to unfamiliar or sacred to profan

contextsor in situations of changing visibility. Thus pottery may be employed

in publicor private contexts: it may be highly visible or it may be virtual
unnotiicel. Its household display functions may be simply for adornment, te

tifying tothe skill of the potter (Balfet 1965, 163); in more public contexts of

use the nessages may or may not change. _
Sewerd studies of the potential message functions of pottery are instru
tive. Amanalysis of 178 vessels from five Shipibo-Conibo (Peru) settlemen:

reveabedihat vessels used in public, especiaily on festive occasions, exhibited
relatively high stylistic diversity, while those used within household com:
pound.s «hibited low diversity in their border designs (DeBoer and Moore.
1982).. The rim decoration on public vessels thus did not seem to symbolizg
compound identity, but rather was a message of ostentatious display. This did
not maat<i the expectation that clear stylistic messages would be sent across
bound:arks by means of greater consistency (less diversity) in publicly used
vessels. The authors note that the larger and more visible designs on the
bodiess of vessels may behave differently and fulfill expectations; the alter-.
native isthat rim designs are not intended to convey messages in such feast

encoumtes (see Braun 1985 for an example of measurement of stylistic diver-
sity rellaing more directly to the interaction hypothesis).

Less anbiguous is the symbolic information carried by pottery decoration:
in specifi contexts of use among the Azande of southern Sudan (Braithwaite

1982). InAzande society there is a pronounced separation, social and physi-
cal, between male and female activities. Pottery is made by men but owned
and usedby women, who cook food and serve it to men. These food trans-
actions ae significant occasions in which the social order is transcended or
violate=d :boundaries between opposed male and female categories must be
publiclly rossed. The decoration on vessels used in this context acts as a ritual
markem o message acknowledging the symbolic ambiguity and concern en-
genderedby this breach of the accepted social order. Men’s drinking cups, on
the otheeriand, which do not publicly pass between men’s and women’s hands,
are lefwt mdecorated. So too are the chief’s eating utensils, because the chief
eats alome—an unsettling observation in view of archacologists’ frequent as-
sumpti.om concerning decoration and social status. The decoration on non-
pottery itms is increasing among the Azande (Braithwaite 1982, 87), and this
may be a expression of concern over the gradual erosion of the traditional
cultura:| ader, which strictly opposes men and women and young and old.

A fimaexample comes from a community in Puebla, Mexico, where lo-
cally mat and decorated domestic pottery is either red, black, or black on
ted. BLac! pots are valued and particularly associated with ceremonies honot-
ing the dad, except that pottery for dead children is quite different. Although
made by he same potters who make ordinary domestic wares, the miniature
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for children are decorated by outsiders who come (ilréto tlzhe c;zr;z:::{té
i ith pink and bive fiowers (kaplan
ear to paint the pots with pin ‘ ‘ °

1 g’IS) Just as children are outside the bc:)undanefsc,l ofr tl;?t'f)l:g ;g:o

, 00 i jated with them outside tradity -
so too is the pottery assoclatec m Oul .

nvg’systems, and indeed the painting is done by individuals from outside the

s i ity. o

1 boundaries of the commumty o _

Slitlt:in these contexts, then, analysis of stylistic I;ehavu;r of pott:rgaizgllﬁr;
idi i i i tion hypothesis can be seen a
idimensional view of the interac hyy ‘ y

f 'uilistic. It has already been noted that distinct motifs al}d.e_lemcnts (;rcllfdtyifo‘t;

mfciated with specific vessel forms used in different act1v1‘t1es. In at 1smi;

-Sis entirely possible that in some societies pottery decoration nla_yt.rz;nhave

mportant messages while in others it does not, _]LIS'{ as sg_r}ne stc;lcz: ;zCicﬁeS

in eli i i tricted distribution whiie O

srtain elite pottery items with res ,

ng no clear evidence of prestige styles. In ?ther words, potr;‘e;y r:;]azi lsg;:i

olize affiliation and maintain boundaries, put it also may not. Thus

cal pottery styles are produced in the three contiguous Hopi and Hopi-Tewa

ssels

—

Pueblo communities (Stanislawski 1978) suggests that pottery is not imnpor-

. L s
ant in symbolizing group identity in this area; such affiliations and boundarie

ate demarcated through other kinds of behavior. The same may hold true for
 the Shipibo-Conibo rim designs (DeBoer and Moore 1982).

The role of variability or diversity within decorative styles in these situa-

 tions has barely begun to be studied, but Hardin_ (1984_1, 592—-600) :?sdzté(g;
~ gested four barriers to precise replication of designs (x..e.,ds%l:;ziials ook
: iabili iers i ication di

 rative variability). These barriers include communica _ (

- of visual access), decoding differentials (1dlosyl}cratlc analysis (:)f dez;grriig;
stylistic screens (modification and reinterpretation), and style boun

h time). -
(Cl};‘ll?eg i':rlir:ll:li roles )of information transfer give rise to -a_ddltlogal il:?;erg?
in interpreting social interaction as measured by the stability ;)r ogrtmcmis
motifs and symmetry patterns. Certain asI:')ects of §tyle-—co ors ,e - infor:
symmetry relations—may be more or less involved in t'he 1messalgt S o
mation exchange functions and therefore more or less likely to a
ing circumstances of interaction between pottery producers.

8.4 Summary: Additional Considerations and Problems

Pottery styles and stylistic analyses are complex, anc_l there are no mz;ﬁﬁ:;gi
to interpret them. Several problems have been mfarmoned above ]11n ety
with the various approaches to stylistic analysis, and' efforts hav recently
been made to reconcile the interaction and information exchanghe d?:cus_
(Hill 1985), but it is worthwhile to isolate t%lese and ‘others for furft ]::rimlo v
sion. In general, the difficulties with stylisucf analysis 9f pottery fa

areas: problems of method and problems of interpretation.

8.4.1 Problems of Method

Apart from objections to the interaction hypothes_is itsel‘f, many ;rlthgzin l::a\(f;
challenged the validity of the procedures used in stylistic studies.

JrmE



sew miollections may resuit in a dj
(sec. 15.1.1).

sments of stylistic exchange and interaction:
Et hmgraphic and ethnoarchaeological studies have long been at the fore-:

front of stylistic analyses of pottery and have led to closer examination of
manys ¢ the assumptions archaeolo
sumpeiin, with immediate repercussions for the interaction hypothesis, con-

cerns: larning patterns: ethnoarchaeological studies in the Southwest reveal
that paterns of learning and desi

lawskzi and Stanislawski
nally emected.
Anotler problem relates to the fact that arch
vessed rm and lip variations as sensitive ind
speciticstyles. The data on rims are equivi
1985; Miler 1985, 4244, 149). Work in T
and armaig the Papago in the American So
suggeststhat rim details receive little ¢
potterss, vhereas in Deir el-Gharbi and Ballis,
consiskery in the rims on wheel-thrown jars produced by individual potters
(Lacowan 1985, 58; Nicholson and Patterson 1985a, 58, 1985b, 234). Some-

times rin variations are efforts to cater to consumer preferences (Kaplan and
Levine: 181, 880; Birmingham 1975, 382).

1978) are more complex than archaeologists origi-

aeologists often concentrate on
icators of individual or group- .

hailand (Solheim 1984, 98-100) -
uthwest (Fontana et al. 1962, 65)

Egypt, there was considerable

8.4.2  Poblems of Interpretation

Problemsof interpretation in stylistic analysis of pottery largely spring from
an inconmilete understanding of the nature of styles in general. These are mag-
nified e xpnentiaily in prehistoric contexts by the difficulty of inferring non-

ssemblage (see contributions in Hill and Gunn 1
S

i i jew of culture, which see 1 :
i scaping the normative view e by
}fﬁ'cultﬁfeidezs fnd behaviors that are cqual}y shared_ o;_lp:lrt\:v it}})ﬁn i
eCtmI;l of a given society. The greater attention to variabiity
members

t has emerged Aontify individual ar-
ar?tyl‘es;fllg interpretation. These include efforts to identify indi
analysis

Sl

gists make. One such questionable as-

gn transmission (Stanislawski 1978; Stanis- _

ocal, however (see also Froese -

onscious or systematic attention from

ing— material
ial culture—social relations and concepts of meanm% . 2?; iy
o s. Included are such interrelated matters as how style

ns.

"ﬁhe are transmitted, and how they change. bsume pattorns of leatn-
N et ns concerning how styles are produced subsu D e hasologi-
Questlcil as distinctions between individual and group sty ef 'individual ol
as ‘:’fs difficult if not impossible to discern the prod;lct:r;)ability e o
o i ivi neral range of v
yf exceptional creativity among the ge: e o the wsacmblage

i eat
If, anthropologists and archaeologists have until recently had gr

el 1tse s culture as a col-

i irections in
in the literature points to several new directio

i hange, for
There are no definite answers about the rates at which styles chang

) L on

is is likely to vary with period and area. On a partlculanstu;hl:v:ilz,e a:; thﬁ
e factors 1 lved in stylistic transmission and chgmge are size Of e
o _faCtOl’S m:s involved and the intensity of the artistic commul-u.(iahla " be
Josi netw{')f'oners (see Friedrich 1970, 342; Lathrap 1983, 39); ld as also
- boon sagEes 1d that designs have different adaptive 51.gmﬁ.cance an P
o SuggeStle adaptive the design the more slowly it will chafrflgel raves
Illggf Fg(r)(:;i‘;g}; Sty[l)istic change is also likely to ﬂ;ltctuaze; S:t(:u scl:iofl:: f:(%m -

’ ' i ic distance. Its re _

ehacologic (l)fresco:rl: lwai?ldbiigﬁzl?::;cis ziiffcrent kinds of Flf:coratumt cshaﬁ:;:
aTQhaeg}?ﬁglcit sizes of pots and if these are replacec'i at different }’alegégp .
;g;erel;e:trieng the age of the potters (Graves 1985; Linares de Sapir . 9

see also sec. 9.3.1).

ime i ieval
Structurally, a broader look at stylistic change through m;,let.mcr;;fgl: in
t‘mc ud v 1979) called attention to the lack of clear stylistic o
Ve :::ims d and used during periods of dramatic cpltural changf:l:lat i
pottery_pro gcervation in light of traditional archaeologlca'l methods ; fogms
. s.ober}ng . Zﬁ ions according to disjunctions in ceramic styles an hnol;
odlz-e wes o refg the nature of change in some variables of pottery ;TCOIO ;
A similar v1e\:lf (i le (Rice 1984b) is that, at least in the Maya area, tec r;l erega 4
Zﬁg,tfgrr:; ,a?ir;e:eyto a “sine wave model” of change through time, w
stylistc or decorative variabl‘;s arlfl letiil?;\;c';iol: taalrt::liiiso difficult to understand
reasons for this unpredictable _ > and meaning.
bu;[gcearly relate to the fact that styles are imbued w1ti;t<s:o;11;i:t anifcance
Decorative elements and motifs and their arranglcmend curves they define.
beyond their chemical compositions of tho angles ;1 otifs are changing or
Thus it is important to distinguish whether styles an m’f rctual pots bearing
ding in popularity as opposed to the movement 0 Is (which may o
the docorst The one involves a spread of ideas and symbo s o the
e decor.atlo?- the simultaneous diffusion of associated meamngs},ﬂ\;v e
may ot e v§m ly a consequence of economic exchangf?. Part o ' ei op
f)the:;;n ;gcgfa:ilonpiz iconographic: specific motifs are painted or inc
ing
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hrap 1973, 1983
Bia]l:C and Watson 1973

. . . . X - o 1977
Tatioin ze directed outward socially rather than leonographically, caliin g atte chtman

tion 1o low decoration sends messages about group affiliation. These sever;

decomaiive styles and interpretations; more complex styles can
messazs and be interpreted on more levels (see Van Esterik 1
In Wi sussing meaning, however, it is important to bear in mind the cautig
suggesstid in ethnoarchaeological studies of decoration about the differerice
betwesemwhat informants say they do and what they actually do. Informants
may &saibe a particular meaning to an element or motif or acknowledge;e_i
signifiicait role of a Particular color or structure or number in their belief $ys:
tem, toutthis admission does not ensure an unvarying association in the dec

Miller 1985
Muller, J. 1977

i Munn 1966
Milcl:holson and Patterson 1985a,b

- Plog 1976, 1978, 1980, 1982
' Proulx 1968

ratve . sytem. Bunzel ( 1972, 20-23), for example, notes that among the Zugj Eyeg‘:ng?fg-]»;, 1978a
the nu mier four ig prominent in literary and ceremonia traditions, and pot: Reina 1963

ters ex prssed a preference for four designs on their painted vessels. Noneth, Rice 1984a, b

less, it ztual execution three scemed to be the most popular number of rep Roe 1980

titions offa design (or divisions of the design space). In pottery decoration as.
in othezr spects of culture, there may be wide disparities between the ideal:
and thes rality of behavior,

Sackett 1977
Sahlins 1976
Saunders 1986
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Special Topics in Archaeological
Eﬂmoarchaeological, and

Eithnographic Pottery Studies

Pottery ressels primari]
transfur gee chap. 7), b
for archgologists, who
stand saial and econo

terpretathns, which contribute significant insights into prehistoric culture

people:s. The kinds, quantities, sizes
vidua! haises and communities—and b

understani ancient people and cultures.
pottery clssification, pottery quantificati

on, and the composition of ceramic
assemblags and processes of archaeolog

ical record (site) formation,
9.1 Potury Classification
Phrased nmst simply, classification is the

only is it findamental to all scientific disci

identifying, organizing, and naming
gs: for example, distinguishing between members of the

ects something inherently significant in their na-

ture. In the ase of potiery, groups are usually based on certain common fea-

Y serve as containers for storage, processing, and
ut they also constitute an exceedingly useful data base ",
use sherds to date sites, trace trade patterns, under-
mic relationships, and so forth. Most of these in-

s of material, technique, and style, and their significance is interpreted
u'}gl]é-nt kinds of groupings—which also represent diffei'enttlllf;v;l:ooci :sla;
D istingui chnically, for example, ‘
1 ca.tionf_m?y s:(:ngiffﬁztg lclllli’?;(int’r ien creatin):g groups for a rfew-and ;;re(;n:
o as 'lfsi d set of materials (an activity called cate:gorlzatlon)f.:Td E-
ooy uﬂClafSSl in individual objects to established classes (a process of : sn
posefi o asSIg'mnsg] defined by certain criteria or propert.ies of their mem e;ls.
o prevmuisﬂcs of the entities to be classified or identified are uSl.xabIZ
. e Cha_lraClef An attribute is a property, characteristic, feature, or v'arla t
ol attI:lbflt'CS.the case of pottery, attributes that are commonly of mt.ebre:;e
f?ndzné:)tl)((;rlllthickncss inclusions, hardness, form, and so on. An attribu

nclu ) )

: m ]C, the StalﬁS or Va]lles Q ‘ ” " ma bcl 'Ie,d . b, ac.k‘
W . W » v

i interchange-
(The terms attribute and attribute state are sometimes employed i g

i i r value of a
ably, however, with attribute occasionally referring to the state o

ticular variable; see Doran and Hoc.lson (1975, 99.) ‘ ommonly ap-
™ ifying pottery, anthropologists and archac?ologlsts c / ap-

- CIaSS} ’ t?:'e}::t matt,er from two directions. Devised (_or formal or S.ﬁ ]
p'maCh the'lfl'; Sut'Jn has a long history, while ethnotaxonomic or folk classi c:
t}ﬁc)‘dafjl ﬁ(iv:fobeginning to receive attention. There is some ovelrllap :rr:(;l 0{,;
:L(;nclzn?:egts and objectives of these two positions, however, so they
mutually exclusive.

9.1.1 Dewvised Classifications

. : i 1, or scien-
The most typical approach to archaeological data is d;;ﬁ:ig?ﬁiy schemes
tific classifications, which are created ?y thff analys_t. . and cultures in con-
have been developed for grouping similar sites, .artlfails, activities are com-
junction with a variety of archaeological Objecm.res’ these actiy 11 scientific
JurZ;er?ded by the more general purposes of clasmﬁcau.ons \;fl'thln iz: bf o
gisciplines. Formal classifications structure the fio'mamsdonaﬁ?:g {he objects
tific disciplines by furnishing a system for de'scrl_bmg ?trlllin a science through
of study within a science; fostering communication w‘;ictions about the rela-
shared terminology and nomenclature; ;?ermlttlng pre thin the science: and
tion of the classified items to other object§ stu@md wi I
serving as extensions of and empirical justification f01'n‘;0;197g 574). Classi-
the body of theory of that science (Blashfield and Draguns 1975, 5 by which a
fication is not the final goal of any science; it is a basrc1 % its long standing
discipline and its data are structured. Wl.thirl archa'eO ;gf;istory of archaeol-
importance is reflected in the fact that major 'stages Int ehun dred years, have
in the Americas, stages spanning approximately one hund il periods
ogy 1 d the classificatory-descriptive and class:ﬁcatory—.hlstor p o
I(D{c;iillhtserr;:d Sabloff 1980, 34—180) because of the emphasis on these op
tions fzr describing and organizing archaeolf)glca.l data.haeo10gy < 1o create
The object of most classiﬁcato.ry operations in a?:om different positions
types, and varidtions in the definition of a type arise



on haow they are created {(see Hill and Evans 1972; Cowgill 1982). According

to ome: josition, types consist of (and are based on) attributes of artifacts; hy
type:s may be simply defined as nonrandom attribute clusters (Spauldi
1953b,1982). An alternative view sees types as clusters of items {Hodso,
1982) ad defines a type as a 8roup or class of items that is internally cohes;
and wan be separated from other groups by one or more discontinuities in a
tributle:tates (Whallon and Brown 1982, xvii). This object-based position

not botdly opposed to the attribute-based definition, however, because types

still odetlend on several attributes (and hence indirectly on their association
rathe:r #ian on a single attribute. Attributes may be (and often are) employ,

hierarclically rather than simuitaneously to create types within a collectig

tern, rthenumber that theoretically exist is infinite (see Hill and Evans 1972,

250-.51i. Selecting different kinds of attributes in constructing a classifica
tion leeais to different kinds of types-—for example, morphological, historj
cal-in-de1, functional, and cultural (Steward 1954).

Attrribates themselves have often been classified by their role or utility in a :
devise=d ilassification. For example, attributes of archaeological pottery may
be descabed as intrinsic, including an object’s composition, shape, and deco-
» provenience, and function as assigned by

ration,, o extrinsic, such as its date
the archzologist (Gardin 1980, 65—-68). Attributes can also be ranked as key,

essential and inessential variables (Clarke 1968, 71) according to their sig-

nificamceand utility within a particular devised classification scheme.

Gro-ugs, classes, and types are sometimes distinguished at different stages
of classifcation (see Dunnell 1971). A group consists of actual objects, such
as potsheds, and exists in the phenomenological or empirical realm, Classes
and types however, represent verbal models or descriptions of objects and are
ideationa. A class may be further described as a “generic term referring to
any diwison of materials into groupings based on similarities and differences”
and may ie based on single atributes, whereas a type is a formal conceptual
(or absrtrat) unit based on “a consistent patterning of attributes of the materi-
als” (Hlilland Evans 1972, 233). This differentiation between the empirical
(group aid the conceptual (class and type) is highlighted by a distinction be-
tween Clasification and typology: “A classification is no more than a set (or
sets) off enpirical groupings established for convenience. A typology, how-
ever, is aheoretically oriented classification that is directed toward the solu-
tion of : sone problem or problems” {Kluckhohn 1960, cited in Gifford 1960,
346; seee dso Gardin 1980, 63).

One ¢a distinguish different kinds of classifications by noting, for ex-
ample, wiether the criteria for describing classes are equivalent and unor-
dered, moequivalent and ordered, or hierarchical (fig. 9.1; see Dunnell 1971,
70). In th ideational realm, creating equivalent units is sometimes cailed
paradigrnaic classification. An example in pottery analysis is categorizing
vessels bycertain features such as form: bowl, jar, plate, and cup are equiva-
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i FIELD
seure 9.1 Model of different methods for ordering ob-
,;fts and events by classification versus grouping proce- PHENOMENOLOGICAL IDEATIONAL
pres. After Dunnell 1971, fig. 9. (GROUPING) (CLASSIFICATION)
m
a |z _ _
Ty Statistical Paradigmatic
2 3 clusters classification
=E
<o
wid _
c 5 Numerical Taxonomic
ElE taxonomy classification
z | g
2|z

Jent, unordered dimensions (attribute states) of form, and the procedure yields

i i ories, on
"a morphological type. An ordered or hierarchical structure of categori

the other hand, is the basis for taxonomic ciassiﬁcation, which spe(.:lﬁes inclu-
sion relations and is exemplified in pottery studles‘ by the type-variety ;y;terg
(sec. 9.1.3.1). Taxonomic classification is sometimes more broa;llif. el 2;_
simply as creating types (Rouse 1960, 315-17), as opposcc_i to analytic ; 2;133
fication, which analyzes attributes to isolate and describe modes (

—15). . o
Iggf?g:elssare C)ertain attributes the analyst judges to re_ﬂect commumtyw;ge
standards for manufacturing and using the ancient art1fact§. fxs deﬁneéi dy
Rouse (1960, 313; see also Taylor 1948, 129'—3‘0), a rr_lode is “any stan alr ,
concept, or custom which governs the behavior of‘ artl’e".ans of a corl.gmtm tg;,:
which they hand down from generation to generation.” Not all attri ules o
the artifacts represent modes as originaily deﬁnec_i, however; fqr exa;nt;;l €, v
tributes pertaining to the chemical or mineralogical composition of the :‘ia
material would not be considered modes. Two types of modes have been dis-
cerned, both inherent in the data: conceptual medes relat.c to the style or focll'm
of the object, such as red slips or tripodal supports,'whxlc Procedural modes
relate to manufacture and include, for example, particular kinds of temper or
the use of molds or coiling techniques (see Rouse 1960, 3'15). Moc!es repre-
sent efforts to achieve some isomorphism between categories of devised cla}s-
sifications and those of the ancient makers and users of the pottery—that is,
to replicate ancient folk classifications. '

9.1.2 Folk Classifications

Folk classifications group and name entities according to n:':lti_ve, as oppos;d
to scientific, categories. They may use a variety of charz_ictcrlstxcs, singly or in
combination, and it is not always easy to penetrate their structure, as seen in
the following ancient Chinese classification of animals:

Animals are divided into (a) those that belong to 'the E_mperor, (b)
embalmed ones, (c) those that are trained, (d) suckling pigs, _(e) n:ier(;
maids, (f) fabulous ones, (g) stray dogs, (h) tl?ose that are mchu e

in this classification, (i) those that tremble as if they were m? ,{ 4)
innumerable ones, (k) those drawn with a very fine camel’s hair
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.ate gories, adding modifiers to denote size subsets, anq ﬁth_oug'h diffeli'er:lrglt z;z‘ta{s)
iffes i here seems to be little specificity in nam as
e A Fomtome i lled kénti and are distin-
heir i . Cooking pots or ollas are calle :
el e Comems' beer), anitami (medium, used for
ished by size as ani (large, used for eer), _
,;f:?; agd vacu (small, for medicines). Similarly, ‘_!ariuf)chogxo)h :g:gab:z
; ke in three sizes, but food bowls (kéncha) and s
S andined d Lathrap 1979, 105—10).
ibit less standardized size ranges (DeBoer an | -
: hl?/ia::y investigators who have elicited vessel termmplogy express somii d;:
ay that such categories are so little evident to (qr replicable ;)y; outsuO:"_.
'Ilr‘lhg attributes that anthropologists and archaeolog1§ts common ym(;;u;m .
: i i iations, base, decoration—may or
overall shape, rim and l.1p vana. , O o 13, For
: ignificantly in native classifications (se.:e,.e.g., Weig 69 )
Zira)r;nsplli in Kathmandu a great deal of variation exists both within and be

tween classes:

in terms of actual measurement the three classes [of hqliuidstt?lga:g;
jars} could ovetlap quite considerqbly whereupon I \gfafs ?her pat 1t
was a combination of shape and size; wk}eq I presse uz cr o 2t
tempting to identify the precise ‘shape variations CoOncerne ,e r;n;n fat
or round base, rim forms, nothing could be selected as I—? p rmanent
and identifying shape characteristic of one or another. ovs;ven y "
fact remains that all agreed instantly on names for any g pot.
(Birmingham 1973, 384)

Potters in Kathmandu claimed that many of the m,inor variations g-f r11i1r11 fg;ﬁ
and decoration were efforts to cater to customers preferences (Birming|
197(;511’ : i%re optimistic note, precise measu.]rements or rat.lg)s (tj'f v:SS:i dsg::z
and proportions may sometimes corre.]ate w1th_shape c!ass1 (_:aelggoi(ing ot
augurs well for traditional archaeological practlce.'Kalmga ;lc e by
can be distinguished from vegetable and meat .cookmg pots,dor ;: werprat,io >
relatively more restricted aperture, Ss;;,eper rim angles, and a lo

height (Longacre 1981, . . : )
apg:::l tt(;le reglatiife ﬂg){ibi]ity of criteria for ethnographic .ve?ssel tli;msmr?(];t
ogy—based chiefly on size, shape, and contents or usel—it SS I;;: Cp;] e
surprising that when any of these features change the. vessel nam ‘n):) o
too. The names, in other words, are situation specific; in ‘thc terrgl 51 o
devised classifications, they are phenomenqlogical, empirical, lam g;aagl e
group identifiers based on use rather than ideational, conceptua. R oPr uachw
classes based on abstract similarity relations. For exatrfple, g}f a;:l a v
Guinea, cooking pots (uro) and water vessels {fohe) are glven‘di ere nares
after the rims are accidentally broken off (Groves 1960, 14n); among

trush, (1) others, (m) those that have just broken a fiower vase, and
«1) those that resemble flies from a distance. (Borges, Other Inquisi-
dops: 1937~ 1952, quoted in Aldenderfer and Blashfield 1984, 7

Matve classifications for pottery vessels, while not as complex as the Chi:
nes¢ mimal classification, have long been carefully recorded as a traditiong]
poimt of ethnographic research into pottery manufacture. It is instructive tg
look i these classifications, because archaeologists have frequently aspired 1o
replicie folk categories,

Im arveying the native terms for pottery vessels gathered by researchers:
workiig in pottery-making societies, one sees that the most striking cross:
cuiturd feature is that terms are almost invariably based on projected use.:
That &, rather than being categorized by attributes traditionally deemed sig-
nifican by archaeologists, such as surface treatment, color, paste composi
tion., « decoration, pots are named primarily for general functions such ag:
cooking, storage, or serving. These classes of vessels are commonly given:
particalaristic modifiers referring to the size of the pot or its intended con
tents. The Tarahumara of Mexico, for example, call all pots sekori and distin-
guish tiree functional classes: pots to eat from, pots for parching corn, and:
smalll jots (called sekori ranara, the modifier being a term usually used to
refer-toone’s children) (Pastron 1974, 103). AtManumanu, Papua New Guinea;
vesselsare given four names: uro or cooking pots, hodu or water vessels, nag-
or di stus, and rohe or sago storage vessels (Groves 1960, 10).

As tlese relatively simple classifications suggest, vessel names often com-
bine seteral dimensions simultaneously: size, shape, specific functions, and :
contenti, Differently named sizes of vessels often have very different func-
tions (eg., Linares de Sapir, 1969, 8). Among the Fulani in Cameroon, for
examapl, 84% of the classified pots in the households studied were “jars with -
short necks and everted rims | | . (that] come in five named sizes’: (in de-
creastng order) loonde or ngiiramwal, fayande gaari (named for sorghum),
defru unde, hakoore (named for a sauce), and a miniature Julduude or ablution :
jar (Davd and Hennig 1972, 8-12). Among the Kalinga in the Philippines,
rice coking vessels and vegetable/meat cooking vessels are differentiated
lexically, although some of the size terms overlap; in other aspects of the folk
classitficition there is clear differentiation of vessel types and names by both
size andcontents (table 9, 1).

The Stipibo-Conibo of Peru, in contrast, name vessels by general shape

Table 5.1 Size-Function Terms for Kalinga Vessels

i ; racked
= linga, if a rice or meat/vegetable cooking pot becomes worn out or ¢
Use General Term  Small Large ’ ) PE— to be an ittoyom Or an oppaya
and is transferred to use in toasting, it ceases to f oy
Rices coking Ittoyom QOggatit Lallangan and instead is called a linga. Elsewhere, if the contents or use 0 Galop
Vegexalle/meat cooking Oppaya Oggatit Lallangan (oggan) . . i ] ollalike Huichol pot called a $dalei
i vessel varies, so does the name: the large . e
Water jr Immosso Im-immosso > ! for ceremonial occasions, but if it is
Water hsin Pannogan is primarily used for brewing corn beer. y ferred to as a kaluhéla’
Wine ju Volnay - Amuto used for other purposes it may sometlm_CS P,y ri.e hereas if it is used for
Fotcowr Su-kong Chong-chong (=cazuela, a term often interchangeable with Sdalei”), w!

Watel Ol < W -STO! ge v d 9 9 6,



220, imong the Fulani, the largest storage vessel is called loonde when ;
usedd br water Storage in a compound courtyard and ngiiramwal when
use:d br dry storage within the hut (David and Hennig 1972, 8). :

Aliough records of society-specific names for pottery vessels have try,
tiomally been of ethnographic interest, intensive studies of taxonomic syste
of potery have been rather rare. Attention to native terms and folk classi
tionss i part of ethnotaxonomy, a major focus of the relatively recent field
inquiry sometimes called ethnoscience. Ethnoscience addresses the struc
ing +oftognitive domains-—the boundaries and terms used by some group
peoplein organizing their surroundings (see Ellen 1979). The primary d
mairs ixplored from ethnoscientific perspectives have included botanjca] ari
faun al classes, diseage categories, and color systems (for reviews see Sturt
vant 1%4; Werner 1972). :

Tworecent studies in pottery ethnotaxonomy examined the folk classific
tion st vessels in highland Mexico from different perspectives. Their findin

Thee roblem addressed in one study (Kempton 1981} is that of defining
bounadaies or disjunctions between categories based on continuous variation

A moedd of “prototypes and graded extensions” is proposed for certain cate
gories of material such as pottery, where dimensions of variability are not g

the pre seice or absence of certain features (such as handles), their gestures
and draavings stressed shape, particularly width-to-height ratio (or “fatness™)
and neck josition {Kempton 1981, 36, 39-40).

Vessel lefinitions (both prototypes and extensions of definitions) varied
with the: aie, $€X, occupation, and socioeconomic status of the informant. For
example, dthough males and females had generally the same prototypes, they
extendesd hese definitions beyond the ideal in different ways. Males gave
more weigt (less extension) to shape, while females gave more weight to at-
tachmenmtssuch as handles, which are important functionally (Kempton 1981,
127). Si.miarly, although one might intuitively hypothesize that potters them-

mants, the gave more weight to function and attachments and less to overall
shape in clssifying the vessel drawings (Kempton 1981, 123, 138).
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i 9.2 “Olla” as a vessel shape category ~ members are enclosed by a s:ltd l:;::; e];et;g)w
ég:t?:ieél by a young Mexican woman. Focal eral members are e]nc‘!ioseg 3y a
a:egory members are solid colored; simple  After Kempton 1981, fig. 3.3,

i AXIS |
Figure 9.3 Multidimensional scaling plot of ninety-four

features of twenty-five black-on-red glazf:d pottery types
from Puebla, Mexico. The types are identlﬁfzd by mfmber,
and the groups obtained by cluster fmalysts are cu‘cledc.l
The two major dimensicns of scaling are open/close
forms (axis I} and multiple/nonmultiple handles (see text).
After Kaplan and Levine 1981, fig. 3.

Another study of folk classifications of pottery was based o:db:st:isftzz:;r?z
(attributes) and type names elicited from eighty-five pottet"s a G assisens in
Puebla, Mexico (Kaplan and Levine 198 L). Clusii:r j::glsilzgaltlh e men

i ing were used in interpreting the resu s the s
f;l(;nt:lx:r::)lm)% both by analogy with hierarchical d.ev.'lsed c]assx?cat:(';:nst f:;:lds t;y;
creating a “cognitive map®* of the featu;es organizing cuiu:ira p::v < gased o
the pottery. The nonmetric multidim?insxqgal ts%alilnégai);;gsiegrzr oca of pous

lative similarities of the twenty-five identifie ' pe

gzetl:fs asttludy. The similarity of the types is representefi by thelrbliz?:?;; c;noe;
two-dimensional scaling plot, whose d.imer-lsu_)ns are mtcrprf:ta i tho socicty
known cultural categories that structure thinking and behavior 11:] pocteny.

In the scaling plot of the Puebla pottery (ﬁ'g. 9.3), the two prstr i?édness o

that differentiated the types are axis I, restx:mtedness or nqnlie o

the form, and axis II, the presence of multiple or nonmultiple (o



ithin types: for
jeties are the smallest unit recognized anfi are subsumzd w;;tllz;lil;eggmiety.
e an incised type may have a groove-incised and a fine- (¢f. Colton
mple, re types may be subsumed within a ceramic group t;ncnts—
3)0rwr?1?ch is usually formed on the basis of simll-ar ]su;fa:e;l ;ﬁier of dif.
. : ; —and may include : :
le, a red-slipped ceramic group ey ainted,
= e?;ag;cporativc types, such as incised, appliquéd, and polychrome p
I
L -slipped wares. : ications to
lthlg ze(ilesnltp l;labor:ations of the type-variety appI_OaCh 31'19‘{/2)9{’;;0?01 devel-
;:1 ;o(t]tery (Willey, Culbert, and Adams 1967, Glffqrdhierarchy o a oo
12 ; i i Is in this taxonomic
. higher, more inclusive leve _ - .9.1.3.4).
Pme\:ittgirogader questions of integration and interpretation (see sec. 9
ern ;

itseelf For ¢xample, the types on the right side of the plot are associated wi
opeenforms; with red colors, black-on-red designs, or no decoration; ang wi
life, taytime, heat, and femaleness. The left side of the diagram is as50ciat

with dosed forms, biack colors or black-on-red decoration, and death, nigh
colwd, ind maleness,

9.1.3 Issues in Archaeological Pottery Classification

9.1, 3. DEScrIPTIVE AND CHRONOLOGICAL SYSTEMATICS :
The hitory of classification schemes In American archaeology illuminateg
somse «f the broader issues and controversies surrounding the use of formal oy
devissed classifications in the discipline and efforts to relate them to actya] of
hypmttutical native Systems. Although stylistic descriptions and comparisong
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' E TYPES “REAL” OR ART[FIC[AL ? _ W of
; tf‘zlatcAlR%Os and early 1950s, a series of disputes erupted in the fie

n the

. i in the data
: haeological classification concerning whether types arc f;nl.]elri:lr:]titls imposed
:.aril erely recognized by analysts or whether thc‘y are arti c1atS o
o tho data. A key publication was Ford’s (1953) “’é‘i""f . which argued that
) . i heastern States,
of pottey were important during the late nineteenth and early twentieth cen- historic Design DCVGIOPHTGNS in the St(:,uéreate d by the archaeologist as tools
turiess, firly elaborate schemes of pottery classification began to be / pottery types were apalytxcal constll'uc ortant, for achieving an understanding
oped for descriptive or chronological-comparative purposes in the 1920s an, for chronology budd;ﬂg a"‘flta_ mo;zc;nzigtually been established somewhat ear.
i of culture change. The position : . ationist view had
: ment of this cre

ing, desribing, and naming types elucidated during this period esta Her (Ford 1938), and indeed a Ct’!lsfS‘:eS:f:Fm d monograph, by J. O. Brew,

the fosumtation for many of the modern concepts concerning pottery typology: been made in 1946, some years befo

Onee of the first Statements of what constitutes 4 type was offered by the " who argued that

. i e for us

We must classify our material in all ways that wmfpmdl.l:classiﬁca-

seful information. . . . We need more rather thqn ev'vers g

tlions, different classifications, always .nl::w ?;aslself;l:cl::st;ls?gc;tion of 2
as the atribute-cluster position. This conference also developed the binomial new needs. We must not be satisfied with a sing

i ent, for that way lies
systemn fir namin ttery types {Kidder 1 27, 49 ) analogous to the bio- group of artifacts or of algzéturzgl) developm
logical sistem of binomia] homenclature, whereby type names combine a ge- | dogma and defeat, (Bre ’

i tructs

The position that archaeologists’ types w’ere created l?rzg]y;]clzli 5;?;5351)’
was challenged implicitly in a review of 'Ford ] monograpbliS }Iljed paraisly -
but the manifesto of Spaulding’s opposing stand was pltl Topes™ (Spaniding
“Statistical Techniques for the Discovery .of. Art_if:}i]c nfli)n oty ot o
1953b). Types are said to be attribute associations m} etll'en techniques. This
archaeologists can discover through statistical correla Igr o e
view of types as real and inherent in the data had be;:n 1948, 130; Krisger
one form or another by several scholars (e.g., Tay or bse’ uent,decades,
1944) and continued to be popuiar with ar.chaeologlsts-mi zuamhqa cology in the
particularly as quantitative techniques gained emphasis
lgzﬁkoli;ay interpretation of Eypes based on the (Eliscovcry po:non:hlesrg;zi :i;?il;ii
types are thought to be culturally and historically real, rtldeiSed o atiftace:
the ideas and values of the ancient people who maldethz  combination of mo.
“Each type should approximate as clgsely as possib ; o structural patiern in
chanical and aesthetic executions which forrfled a df’ mtfern with varying do-
the minds of a number of workers, who attained this. pa

cestral mypes.”

Perhapsthe most elaborate and widely used formal scheme for archaeologi-
cal potieryclassification is the type-variety system, developed in North Amer-



© gave of success and interpretation” (Krieger 1944
chaslogists’ types should reproduc
tigas “mental template” for creating the artifact. A mental tem,
idea. . . from which the craftsman
is a dose approximation of this tem
Obejests reflect variations in the ide
45~ 6; but see Kempton 1981 and sec. 9.1.2).

Tk importance of this jssue in typological debates led to considers)
effors to cloak devised (artificial) classifications in folk clothing, For:g

ampl, the type-variety system was extended beyond its original chronolog';
cal -comparative goals by developing normative or

plate ig
makes the object. The form of the g

Inor ceramic differences [which] were the re
vithin the confines of relatively small socia

ad S0 on. . . . Varieties are apt to reflect “individual and smaj] -
seial group variation” . - while the type portrays a combination

i is i he onl
-ed and folk classifications of archaeological pottery, this is not the only
Sr?on for the utility of a classificatory system.

. L APPROACHES TO CLASSIFICATION _
" hesiiA::lseTlf(rzgm Spaulding’s (1953b) work, 'arc.haeolc;lglst(s)u%r:?l:lili}l:
g ¥ igate quantitative approaches for bringing order ¢ oF their
ganNtIO gl‘;:z::)grz were responsible for this interest. The Objec;“;g;; i Csal >
etk i ilability of computers at arc aec ;
'mctthS ar;?légzci?::: i;;::lag;htt?ese techgiques. In addition, ;he tl[?f_;
?Ic!‘l siations us methodological focus of archaeology as a \_:vhole, p}us e
'.aS]'ng]y i h wider range of attributes in artifact collecfxons as class y
e boeor Tuge expected to do more than date sites, contributed to a nei:x
nfcfr: :i;?li;icatedpsystems for investigating the structure of such comp
s h Spaulding’s work emphasized that types were 'chscqvere(iv 213-(:::;
{ lAi'thOl;iribl[:tes subsequent quantitatively derived f:lassxﬁcatlonlsn rere ot
arinoly te r:ated in the vein of types inherent in the data. 963, and
mgg:’i:;)& 1:arlr)lr) 1970s, numerical taxonomic (Sokal and Sneath

. , . hae-
nultivariate statistical techniques gained increasing attentl.on am::):sgilalx:~l o
ogi for classifying large data sets by similarities and differen e In many
?10513'5 01’_ ultaneously. These classifications were usually regarde ah o
a:n;;brl:t;zrs lt!ljfllan discovered types {e.g., see Hodson 1982). One approac
ate

ofa number of pottery traits that were acceptable not only to the

pater but to most others adherin g 0 a given culture pattern. (Gifford
%0, 343)

is posory phrased (Hill and Evans 1972
associaing two or more attributes—wh
mined fatistically or by eyebail
ternend iehavior on the part of prehistoric peoples. But this patterning may or.

may mal correspond to explicitly held notions (i.e.
cernimgthe artifacts. In addition,

Is also rlevant to ask how the arch
categoris correspond to native classes.

Attwibite associations are
and this 5 important wheth

or clustes of objects. The more significant issue concerns the archaeologist’s
choice: ofthe attributes used to seek associations. Because it is impossible to
consideer il attributes of any entity, some selection has to be made, and it is
that choie that governs the nature of the resultant classes. Furthermore, be-
cause thetypes formed are an artifact of the attribute selection process, it is
pointle ssio argue whether a single classification is the best or only one for a
particu lardata set. Attributes are selected either because they pertain to a par-

ticular pmblem or based on some consensus concerning their role within a

given clasificatory scheme (e.g., the type-variety system). Although for cer-

tain pumpises jt may be desirable to achieve some correspondence between

» 261). Any artifact class formed by:
ether these associations are deter-.
sorting—can be considered to represent pat-.

» mental templates) con- -
as has been seen, folk classifications are-

i i d 1977)
 to use factor, or principal components, ana]ym.s ((IZ'hr:s.tensond 2:1;1 };?;ensions
:to tract m;jor underlying dimensions of van_ablhty in the . ,the origina
:ﬁoilxght to be measured imperfectly and nom‘ndependently y

attlr\:lt:;fsc'ommonly, the technique of cluster analysis (Hodsoln 189?:39,31;1](3161:3-
derfer and Blashfield 1984) has been empl::n'fed. Chtllst.t:rs?rl:izlzzty o a largo
variate statistical procedure that groups entities by t e:s o the teotmicue, the
number of attributes. Although there are several ?farlar;i L4 1) chowing suo.
output is usually a treelike gra‘p.h {a dendrogram, see fig. 14. .
ive li imilar entities. B
ces\j'::f hil:;atiisq?xglsiltr; I(i?ihe classifications resulting frorfl th;;e p:l(:giiui:efsat‘
determiiing which is “best” for the d‘ata—ls pt_‘oblemtatxl(;l .SSiﬁzations > oA
tributes and specific procedures is critical, for differen cl s some douten
sult from different techniques. Althoufgh th.e met_h(k)lds rfg ;] e e
the archaeologist’s actual artifact sorting (in whic s;: e rodicn aechasolog.
sidered simultaneously), they do not always accur::ltc;:1 yt di}é e olioats avehac.
ical classifications of real data sets. One procedur.e tha e ion analyeis
ists’ classifications of a sample pottery (follectlf)n was oo (o
(()\%haslion 1972), which divides the collection by 1nd1v1du31 at(:':lc ;ures ather
than total similarity, as in cluster analysis). This and re:::te oirition e :—;;assi-
ever, have been interpreted (Whallon 1982, 127) from . e gvered eistoally
fi t"ons are inherent within the data sets and can be disc A
clfl:lch of the appeal of statistical approaches tq pottery .class1 cmcedure o
they offer solutions to the difficult and s.on}etlmt?s ari::ltlr:rlti(e ;)in what ap-
drawing boundaries around classes—identifying dlscqn s reopect 6 2
pez::togbe continuous variables. Pottery can be described wi



examipk, is a qualitative variable, and the boundaries between attribute stéi
of bl.ac, white, and red potiery seem clear (see chap. 11), as do categories
inclwsiiins, such as limestone, shell, volcanic ash, and quartz sand. But thej
are ssuble shades or gradations of color and mixtures of inclusions, so th
overl'apying categories, continuous variables (size, diameter, thickness), an
other biundary issues force the classifier to make difficult decisions abo
Jumping or splitting classes. Computer programs that permit hierarchic
ranking of attributes (Whallon 1972) or consider mixed-level (qualitative an,
quanflitdive) data in groupings (Rice and Saffer 1982) may be useful in thi
regard. The question is still, however, one of fuzzy boundaries: How muc
variabilty can exist within a class before it should be divided? The answe
depemd son the purpose of the classification, As has been remarked, a homog.
éncous group is merely one that has not yet attracted the attention of an inves
tigatorr 3enfer 1973, 246),

Aldhowgh the statistical procedures used to identify types within this ap

tionallly, types have been viewed as intrinsicaily present in the data and there-
fore as tultural realities constituting fundamental observations or *basic
data.” Agued to an extreme, this viewpoint can lead to the questionable inter-
pretati-onof a particular classificatory scheme as the only possible one for the

data amdthus as the best and most meaningful one (Hill and Evans 1972,'
235-3%8)

9.1.3.4 WHAT Is THE PURPOSE OF CLASSIFICATION?

Despits tle appeal of the view that types are inherent and real, some still be-
lieve type are analytical and descriptive constructs devised by archaeologists
specificaly to determine the structure of variability in their data and to inves-
tigate paricular problems. This view gained strength with the changes in ar-
chaeologial method and theory in the 1960s and the concomitant rejection of
normatiiveorientations in favor of deductivist and positivist models (see Bin-
ford 1965 Hill and Evans 1972). In addition, with the increased precision of
chronorneric dating techniques, the need to direct pottery typologies solely
toward schonology building diminished, as did the often rigidly classificatory
schemess asociated with this objective.

As accheology has developed research goals other than chronology and
compariisol, new aims of pottery analysis have emerged, including function,
productiion, residence patterns, and socioeconomic relations, and these have
put a premium on innovative approaches to classification and on problem-
oriented tyologies. A number of investigators have developed their own clas-
sificatiom shemes to answer particular problems (e.g., Redman 1978a), and
many of thse have been based on vessel forms (morphological types). Curi-
ously, despite the accelerating interest in pottery paste composition and prove-
nience (seechap. 13 and sec. 14.2), there has been little effort to develop
what mightbe calied technological types.

The typevariety system of pottery typology includes a level of classifica-
tion that bassome potential in this regard—the ware concept. Wares have long
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. , . tern
n used informally in archaeological ceramic studies in the S?:;h“:rsn -
nited States and Mesoamerica, and they seem to continue as hage nary
it (rather than types) in Europe and the classical area. Wares

identified based on a large number of attributes, including ignctg;nt e(:t. fre
: i te composition
tion (black-figured ware), pas

B ontor i tface treatment or color (glazed
: lor (Fine Orange ware), surface
s e firing technology (earthenware),
g form (beaker ware), firing _
e B (s Asy ical location (Derbyshire wares).
i i es), and geographical locati _
P hene Teoscly infe bers of ware categories may

i ly informal uses the members 1]
Although in these large 1 .

isti lor, firing, method of construction, . tion
share characteristics of color, _ e ectsaro
indi the ware name, their fundamental
so forth, as indicated by ; 1 defining eriteria ote
ition, manufacturing technology, or : _
B o e dhscun 9.1.1) digmatic classes,
i i wares are paradig
e termineclogy discussed above (sec. 9. 1, . ( :

g:1d they correspond to procedural modes in analytical classifications.

i ter,
Surface-treatment attributes (presence or absence of a slip or glaze, lus

color, etc.) are closely aligned with the attribute emphasis of the traditional

type-variety system classification procedures, and thufs tl:;cy n;a;l;es tl; 1::)1::::815
i i hi hy of units. Variables o

easy to integrate wares into the-hierarc . aste CompOsi-

tior? {and manufacturing technology) are more difficult to place in this hierar

.chy, but they are also significant because they allow inferences about pottery

production technique, organization, location, an'd trade dlstrlt;ll;:glr; 1;:;1
terns—objectives that are aligned m(;rfe legs?;gb )w1th current arc g
ith chronology building (Rice . o
goglyss::;i;t?; incorporati?rrl of technological da}ta .into clasmﬁca}tl:l)nofsycslgesr:s
(e.g., through the ware concept) would be a s1gn1f1cant ;)Z(terzrsl::i)s D
ficatory procedures (see Shepard 1976, 31(_)— 14; Rice 19? _). o ,difﬁcu“ i
is a formidable task for several reasons, chlleﬂy becau:-;e_ itis (_)t e o e
abortory snalysis (e hap, 13, Ohr i ht would hve the seme T
analysis (see chap. 13). Otheru :

zbl;):iz:gir:g in ciita én manufacture include the cgncepts of tlelc_l;;)oltzl%:)cl::g hstﬁz
(see Lechtman 1977) and ceramic school (Smth 1962, _ 'la,;igie's

latter is concerned more with decorative comparisons and simi .

9.1.3.5 SumMmary . ' .
Some of the problems in the literature on archaeological and ceramic classifi

cation are common to classifications in gcne@l. Ol}e ex::}mple is b(;:xenc(lii;e;
all classifications, by definition, require putting ‘objec-:ts 1nto_ one c; ) fE) o o
another. Any artificiality in archaeological clas51ﬁcatl.0ns ans;;esur;l oL rom e
nature of the type concept itself or from the need to 1mpols]e odeCiSion; -
from the conflation of decisions made by the analyst.. T. ecsle focisions &
shaped not only by the inescapable need to selfect a limite hnﬂ{ler o
tributes for the classification, but also by uncertainty about. w ede s and
vated collection represents the ful; range of IitOt'tsgea:, (t,l:fn :1:} ; inq|the Sy

i ias. In addition, types focus on attri ‘ _ ]
g(itio;xtltbvariations—such as might be caused by c?hanges in the ;’rller}t:: ot::prg_
plate through time or by new manufacturing ‘tec-hm.ques—arz _r:;r : gt S syoom
rated systematically (although the use of varieties in the typ

has this potential). ' -
In thispvein it is also pertinent to remember that though artifacts functi



archaeclwg have changed substantially. Archaeological pottery rescarch hag
benefited eltensively from these developments, with growing intetest in com-
positional aalysis, ethnoarchaeological studies, and so forth. Yet classifi-

fiected in tthe heterogeneity of jts Categorizations:
sified (nanmed) differently depending on the age, sex, status, and occupation
of the class ifir. More important, they are aiso categorized by their size, age,
contents, funtion, and location of use—mostly information the archaeolo-
gist is unlikelr to have. Overall shape is Jess important to folk classification
than are vesse proportions and size 01, sometimes, particular features of sec-
ondary shape Yariation that have functional significance.

particularly to archaeologists for a variety of descriptive, inferential, and
comparative puposes. For example, it may be desirable to know what propor-
tion of the exavated material from a site Tepresents serving wares versus
cooking pots_ o how much was imported rather than locally made, or whether
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bulations of ql.lantiti.es of matc:zizlf isrintgsifferent ceramic categories (types or
?%?sg‘:]?a;::;?::]?use:;gzg in archa;:ct)‘loglictziil p;::f:, t:t;fiﬁs;s \;:1:;;«:5
.4_.p'hrased in terms of absolute quaptities Pr olefchz; “‘::ver_ The ditheulty i3 son
(:)I::: g;tnf: I;;:t:iag(;sf,’raagrilgsf: gﬁ:av:;?:(oi];fd ratl'll;er ;hj;l ‘;'a;fll:l);evgg; ,l San;lettht;siz
' i mber: .

lf;a fri?;r::rrtn:: ttliz l;::t?l‘:n?? tti?:r;ﬂ:;ei(lill::l{:lir:;n to estimatti‘::)gn l:)of\a:hr:z;rilt); I\)\:O::
ae rep::(?e?;eg;ei]tdisttha;sc;:?eﬁ;nsgitn? ;2?1‘12; h’:hi:osgh;eo.logical pottery
:ﬁ:i‘triaﬁcation has two major components: sampling and counting vessels.

9.2.1 Sampling

Methodological issues of archaeological site sampling are btzyoni ;l;ilsc]ci):; gi
the present work (see Redman 1974; M_uel]er 1975b), bl.'.lt etfu o f}ysis "
excavated artifact collections for a varle.ty of purposes in po erionstmCting
well within its purview. Some general issues 'girizmlll)ilrr:g ::oz coecialives
lages and site usage are Consi ; \
]i?s(;tl:zz}:)fass:sln;’ingg for physicochemic;] &;.;mlysis are addressed further in chap-
ec. 10.3.2.2) and 13 (sec. 13.1). _ o
ter'i‘l'}g rEmSost important consideration at the St-a;t oit’_a :Zl;::l\ir ;:‘1::;11])::1:: ;:181 al};:;
recovered in the field, a consideratio _
:leypglt't:;zyw:c:t ;:ve control. Of specific intfarest are the way thetezcavatlon
units were selected and the techniques by whlcl} the)( were excavate .aintain—
To take the latter issue first, excavation technique is lmportant in n:l e
ing comparable conditions of recovery 'from one exca'vatlon! I::oS ;;(: f; r.tions
primary technique in question is screening, fgr screening only ° ui; roons
of an excavated site would result in differential recovery of9p7a3r ic . yuan_
fragments of pottery and other ma;(eria!z,l (see Keighley 1973), an .q
itati isons would then be skewed.
tltaﬁt:: :c(;llgcf:;ogical pottery collection almost never represents :ﬂithfeggttf;z
from an entire site, because rarely is a site com?letely excavate édns eac ,m "
pottery is usually a sample of the total population. T‘he exc_a\;at afal oy
have been chosen in any number of ways: b'y purposive or ju .gnllen @l setec
tion to explore some specific aspect of the s:te,.sgch as a particular o satisty
or zone; by haphazard or grab sampling for II().ng.tlc convenience or py
some nonscientific criterion; or by a probal.)ll.xstlc §amplmg stra_tteg);nd B
last procedure the total area of the site is divided into _equal. u}i“ s,h e
individual units are selected for excavation by a method in whic ;ac ?n s
a known probability of being chosen. Examples of s1}ch prol;ab1 ity :?v[ lfe e
Strategies are simple random, stratified, and systemat:c. sampling (Eean 1963
1975b; Redman 1974; for a general discussion of s‘amphng see Cocl trh verali
Each of these strategies has some practic_:a] merits, dependl:lg on fc:l c;ts iy
project goals, but they also have ramiﬁcfatx.()ns for pf)ttfary an, gms ztt;; e o
jectives. If all that is desired is a quantitative defacrlptlop of t e p(_)ﬁ a:t o
€xcavated portions of the site, sample selection is not hightly mgg:ecsm. Dt
if the object is to draw some conclusions about the pottery at
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imore complex data transformations (for a review see Deal 1983, 251 —67).

Counts may be made by simply tabulating the individual sherds.from all
£xcavation units, but this effectively considers each sherd to represent a differ-
ent vessel. In many cases two or more sherds can be joined together or cross-
mended; counting the joined pieces as single sherds thus more closely refiects
the actual number of individual vessels than does simply counting all sherds.
Counts of sherds can be reported as before- or after-mending totals, the latter
indicating a maximum number of vessels, Both measures generally overesti-
mate the number of vessels at a site, however. A variation of sherd ‘counts is
sherd ratios, usually calculated as number of sherds per unit of excavation
volume,

Sherd counts may be misleading as estimates of numbers of whole vessels
because there is no simple relation between a vessel’s size or shape and the
number of sherds it breaks into: large vessels typically break into more pieces
than small vessels; thin-walled pots may break into more sherds than thick-
walled pots; and low-fired pieces may break into more fragments than high-
fired objects. The vessels that break into more sherds or are subject to more
disturbance (see Kirkby and Kirkby 1976, 237; Solheim 1984, 101; also Deal
1983, 201~2) or weathering (Reid 1984) in middens after discard will be
overrepresented in a particular excavation unit.

For these reasons, sherd weight (Baumbhoff and Heizer 1959; Solheim 1960;
Chase 1985) has sometimes been touted as a more accurate quantitative in-
dicator. Sherd weights will effectively standardize the data for differences
caused by large versus small sherd sizes or thickness, which may result from
differences in disturbance and comminution in certain areas of a site. It is fre-
quently recommended that both sherd counts and weights be recorded to com-
pensate for the inadequacies of each measure (table 9.2),

Sherd weight totals may be modified by adjusting for thickness (Hulthén
1974). In this time-consuming procedure, the sherd collection is sorted into
different thickness categories, which are weighed separately. The gross weight

WOk from the smaller amount of eXcavated material —that is, to generalize:
f‘ Cmthe sample to the population—this is a-different matter entirely. Infer
rimg he characteristics of the population from a sample is a matter of inferen-
(ta.] satistics, and there must be some assurance that the sample fairly repre-

tifact s 4 the site from the €xcavated sample (see Vesceljus 1960), shouid that

The mantitative anaiysis of archaeological pottery may stop with simple
recording of counts (and weights) of sherds falling into certain categories,
whethsertypes, wares (fabrics), or shape classes. Sometimes, however, par-
ticulamlywith extremely large collections, it js impossible to completely ana-
lyze all he sherds recovered, and in such cases the collection has to be sub-

be.ex? Sxavated, it is usually mportant to remember that the artifacts are
originaily cluster samples representing spatial contexts.

. Itis inpossible to know beforehand what materials can be safely ignored or
Table 9.2 Percentages of Sherds by Weight and Count from a Test Pit at Site 17, Fiji

Depth in Inches

tions, .tlle sbject of subsampling should be to acquire a sufficiently large repre- Classes of Sherds 6 12 18 24 30 36 42 48 74

sentatios of rare categories. Collection sampling usually requires stratifica-

tion of thye collectxon—by context or classificatory units (see Benfer 1975), Pk;n ‘ iaht 79.080.0 810 825 765 745 475 495 - 45.0
i ercentage weig . . - . : . : ' '

by rare vasus abundant categories within the original spatial clusters (see

i ; : .0 0. S1.0 90.0 89.0 820 60.0- 60.0 60.0
Cowgill 1564), or by some combination of thege. Fercentage by count 9.0 90.0

Number of sherds/oz. 7.5 8.0 7.0 8.0 8.0 9.0 8.0 7.0 6.0 ‘
Incised |

Percentage weight 170 160 140 105 10.0 35 05 — — !

9.2.2 Comts, Weights, and Vessel Equivalents Percentage by count 90 75 45 50 40 10 03 —  _ |
Number of sherds/oz. 40 30 2.0 30 30 40 40 — — |

. : . ., Relief ' i

Although Qantification of archaeological pottery can simply mean measuring Percentage weight 40 40 50 70 135 220 520 505 555 { :

Percentage by count 2.0 2.5 5.0 5.0 7.0 160 395 40.0 34.0

how muchmaterial is present, its most common goal is to determine how
Number of shetdsioz. 5.0 40 65 50 40 70 40 40 3.0

many vessds were represented in 4 particular deposit. The simplest and most
traditionsm] vay to achieve the first of these goals is counting or weighing the

Source: After Deal 1983, table 33. The data in Deal’s table were taken from Gifford 1976, tables 17
ard 18,
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of eachigroup is then multiplied or divided by the necessary factor to achieve g

standdaxl weight, and an estimate of the number of vessels.

Sheer! weight data can be converted to individual vessel estimates by at

least tw procedures. One requires that the sherd collection be separated in

form oitype categories (see sec. 7.2.3) for weighing, and a whole or recon-
struckalie Ye_ss;l must be present for each category. Weighing the whole vesse]’
and dhes dividing the sherd weight totals by this figure gives some idea of the:

nur'nbcrs of vessels for each category and for the collecti
estim:ates are possible if this procedure is combined with estimates of th

portiom o large and small vessels in the whole collection (Baumhoff and

Heizew 1959, 312). This procedure assumes spherical shapes. :

An_cal:her approach to vessel quantification is to calculate vessel equivalents
orestimnzed vessel equivalents (EVEs), and this may be accomplished by sev-
eral macars (see Orton 1982). Calculating minimum number of vessels (MNV)
or numbir of inferred vessels (NIV) is analogous to the zooarchacological
proc§dlu1e of determining minimum numbers of individuals (MNI) of faunal
spectes, ind for pottery two methods have been proposed (Millett 1979b,
77—78-). One is the subjective assessment and grouping of all sherds that defi-
nitely clo, or at least might, Tepresent a single vessel. This procedure may be
fairly \1seful, but it lacks replicability and tends to underestimate the number
of vess.els actually present,

Seveeral related procedures are based on counts and measurement of rim
sherds, bises, or handles. Rim equivalents, for example, may be calculated
from the lengths (or percentages) of rims of a particular type of pot, which
then maybe divided by the mean rim diameter (Egloff 1973); similarly, the
length «ofthe arc of the rim sherd can be divided by the total rim circum-
ference (IeBoer 1974, 340; see also Plog 1985). The easiest way to carry out
t?lese Mueaurements is with a diameter template that shows both radius in cen-
ti.meters ad percentage of the total orifice circumference (fig. 7.9). A com-
binatior: of these procedures may be used to calculate estimated vessel equiva-
lents: the otal rim equivalents and base equivalents are added together, and
the totall jsdivided by two (Orton 1980, 166).

The disdvantage of these techniques is that they ignore body sherds and
are diffi.cut to use with extremely small rim fragments, for which diameter
Mmeasurennts are unobtainable. It is also important to consider the possibil-
ity of diffrential preservation of rim sherds, which are curved, sometimes
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thinned, and relatively more fragile (see chaps. 7 and 12 [sec. 12.4.2.4]),
than bases, which are often thickened and therefore stronger. Additional prob-
lems are posed by the original issues of sampling areas of a site and the rela-
tion of those areas to patterns of use, discard, and postdepositional fragmen-

tation of pottery. -

9,3 Assemblage Composition and Site Formation Processes

The many uses of pottery vessels for storage, processing, transfer, and display
raise questions concerning the numbers and kinds of utensils that constitute
the ceramic assemblages at household, site, and community levels in pre-
historic contexts. The broken pottery fragments that archaeologists recover in
their excavations were originally intact vessels serving a variety of uses in
daily life. These vessels constitute a ceramic assemblage, a collection of ar-
tifacts that are associated temporally and contextually at 2 particular site. Al-
though archaeologists usually treat ceramic assemblages (or subassembiages)
in terms of the total sherd collection from a site, ethnographic studies of indi-

vidual household pottery inventories permit some generalizations about use,

discard, and replacement that are significant for understanding the formation
of the archaeological record.

9.3.1 Ceramic Assemblages

Ethnographic and ethnoarchaeological investigations of pottery assemblages
have generally focused on ceramic censuses, or the numbers of pots in indi-
vidual houscholds, and on the use life or longevity of the censused vessels.
These data have been borrowed and adapted, implicitly and explicitly, by ar-
chaeologists in a variety of approaches to the assemblages of historical and
prehistoric sites.

9.3.1.1 ETHNOGRAPHIC CERAMIC CENSUSES

Ceramic censuses usually document the numbers of pots in the households in
an ethnographic community. Observed or elicited information in these cen-
suses ideally should incl