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I 
Ceramic Production in the American 
Southwest 
An Introduction 

Barbara J. Mills and Patricia L. Crown 

Production is the cornerstone of all economic models. Before 
the distribution and consumption of goods can be fully understood, the 
social and spatial contexts of production must be delineated. Despite this 
prerequisite, ceramic production has only recently received the intensive 
research that has characterized interest in exchange and consumption. In 
this book, we concentrate on the social, economic, and political organiza­
tion of ceramic production. Examples of some recent models of the orga­
nization of ceramic production in the general archaeological literature 
include those of Arnold (1985), Benco (1987), Costin (1991), Peacock 
(1982), Pool (1992), Rice (1981, 1987, 1991), Sinopoli (1988), and van der 
Leeuw (1984). These works emphasize the variety of organizational 
forms within which ceramic production takes place and seek means by 
which these forms can be recognized in the archaeological record. 

Ceramics are a particularly useful class of materials for investigating 
production in the archaeological record. They are ubiquitous compo­
nents of the technological repertoire of most food-producing societies, 
and even some nonfood producers. Their many and varied constituents 
are especially useful for identifying different locations of production 
(e.g., Bishop and Neff 1989; Bishop et al. 1982; Neff 1992). Although 
always subject to natural and cultural formation processes (Schiffer 
1987), ceramics are for the most part well preserved in the archaeological 
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record. Ethnographers and ethnoarchaeologists have extensively studied 
ceramics, providing ample examples of contemporary contexts of pro­
duction (see Longacre [1992] for a comprehensive bibliography on ce­
ramic ethnoarchaeology). 

This volume brings together the research of scholars currently work­
ing in the American Southwest on issues relating to the organization of 
ceramic production. The volume began as a symposium at the 56th An­
nual Meeting of the Society for American Archaeology. Our goals were to 
illustrate the variety of social and spatial contexts of ceramic production 
in the Southwest (fig. 1.1) and to provide a focused dialogue among dif­
ferent researchers. Although the participants are building and testing 
models using Southwestern data, their research has wide-ranging impli­
cations for the study of ceramics worldwide, especially those produced 
in middle-range societies. 

In the remainder of this chapter, we discuss current approaches to the 
organization of ceramic production in the archaeological literature. Then 
we review many of the methods and results of past research on this topic 
by archaeologists working in the Southwest. Finally, we provide a brief 
summary of the papers in the volume, emphasizing the diversity of mod­
els, methods, and contexts for investigating the organization of ceramic 
production in the Southwest. 

The Organization of Ceramic Production 

The organization of ceramic production encompasses more than where, 
when, or how ceramics were made; it also includes who is producing for 
whom and why. Organizational approaches thus include the reconstruc­
tion of the social, economic, and political contexts of production and how 
these contexts change through time. Ideally, they also provide models 
that explain why organizational forms govern in some situations but not 
in others and why those forms change through time. 

Helene Balfet (1965) was one of the first archaeologists to acknowl­
edge explicitly the interplay of technological and organizational compo­
nents in ceramic production. Working among potters in North Africa, she 
compared different producing groups to illustrate two distinct modes 
of ceramic production, one household based and the other more spe­
cialized. Her examples illustrate how variation in productive specializa­
tion, gender, social organization, and modes of distribution coexisted. 
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Although somewhat typological and transformational in its approach, 
her work has had an important influence on subsequent research, includ­
ing that of Costin (1991), Peacock (1982), Rice (1981, 1991), and Sinopoli 
(1988). 

Two recent syntheses emphasize the underlying multidimensional 
scales or parameters of existing typologies (Costin 1991; Pool 1992). 
Costin's model includes the dimensions of (1) context, (2) concentration, 
(3) scale, and (4) intensity of production, and she explicitly discusses 
how these different social dimensions can be measured using both direct 
and indirect measures. By contrast, Pool identifies (1) scale and efficiency, 
(2) size of the social unit of production, (3) segregation of activities, (4) lo­
cation of production, and (5) variability of products as the important di­
mensions underlying the study of production. Although Costin's and 
Pool's models evoke similar terminology, close comparison reveals dif­
ferences (table 1.1), including Costin's greater emphasis on organizational 
variability. Despite these differences, current approaches to the organiza­
tion of production illustrate several themes: 

1. The interrelatedness of production with the two other components of 
economic systems-distribution and consumption; 

2. An emphasis on examining underlying variability to define modes or 
types of production, especially in terms of more continuous measures; 
and 

3. Careful consideration of the match between archaeological methods 
and the specific dimensions of variation identified for investigation in 
a given archaeological setting. 

Archaeologists studying craft production have also tied their research 
to broader issues related to social and political organization (e.g., Brum­
fiel and Earle 1987; Costin et al. 1989; Feinman et al. 1984). Cross-cultural 
research conducted by Clark and Parry (1990) has demonstrated that in­
tensification of craft production and some general measures of cultural 
complexity covary, especially those variables of complexity related to 
social stratification and political integration. Their research suggests that 
archaeological identification of the social and political contexts of craft 
production will be most successful when distinctions between attached 
and independent, and part- and full-time specialists can be demonstrated. 

As the above discussion reveals, previous models for the organization 
of ceramic production have been overwhelmingly based on analyses of 
complex societies. Much more attention needs to be paid to middle-
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Table 1.1 Comparison of Costin's and Pool's Parameters or Dimensions of 
Production and Their Identified Archaeological Measures 

Parameters 

Costin (1991) 

Context (degree of 
vertical control over 
production) 

Concentration (relative 
spatial organization of 
production) 

Scale (size of producing 
unit and principles of 
recruitment) 

Intensity (amount 
produced per unit of 
time) 

Pool (1992) 

Segregation of activities; 
location of production; 
variability of products 

Size of production entity 

Scale, intensity, and 
efficiency 

Archaeological Measures 

Location of production 
tools, debris, or facilities 
vis-a-vis high-status resi­
dences or administrative 
structures 

Relative spatial distribution 
of production tools, debris, 
or facilities; homogeneity or 
heterogeneity in assemblage 
composition (evenness) 

Size of production facilities; 
degree of standardization in 
raw-material preparation 
and finished products• 

Number of vessels 
produced (controlling for 
population size and 
duration of occupation); 
range of economic activities 
represented; number of 
production steps usedb; 
standardization in raw­
material preparation and in 
finished products; degree of 
skill 

•Standardization may be a measurement of both the size of the producing unit and the 
amount produced by that unit during a given period of time. 

bThis measure probably has a more curvilinear relationship with intensity; low intensity of 
production will result in few production steps as well as many cases in which items are 
mass produced. 
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range societies, such as those in the American Southwest. New methods 
for recognizing and interpreting variation in production organization 
currently being applied in the Southwest and elsewhere will allow more 
broad-based models to be developed. 

The Study of Ceramic Production in the Southwest 

Ceramic production has been a continuing topic of concern for archaeol­
ogists working in the Southwest. Even the earliest researchers were inter­
ested in who produced the abundant ceramics on the sites they studied, 
although most assumed that the historical Native Americans in the South­
west provided adequate analogs for ceramic production in prehistory. 

Anna 0. Shepard was the first to challenge this assumption with her 
detailed analyses of Southwestern ceramics. Through her pioneering use 
of petrography, Shepard demonstrated that in some areas of the South­
west production of ceramics exceeded what individual households 
needed and became a craft specialization. She based these conclusions on 
the identification of high frequencies of ceramics made from materials 
that could not be obtained near the sites at which the ceramics were 
found. The suggestion that every household did not manufacture its own 
ceramics was archaeological heresy to many Southwestern archaeolo­
gists of the mid-twentieth century (Cordell 1991; Judd 1954:235). Other 
interpretations were not widely accepted at the time she initially pub­
lished them. 

Shepard had her supporters, however, including Alfred Kidder, with 
whom she collaborated on the analysis of ceramics from Pecos Pueblo 
(Kidder and Shepard 1936; see also Shepard 1965a, b; Thompson 1991). 
This research led to her only monograph-length work on Southwestern 
ceramics, Rio Grande Glaze Paint Ware: A Study Illustrating the Place of 
Ceramic Technological Analysis in Archaeological Research (Shepard 1942). 
Other archaeologists in the Southwest with whom she worked included 
Wesley Bradfield in the Mimbres area (Shepard 1930), Earl Morris in the 
La Plata district (Shepard 1936, 1939), Paul Reiter at Unshagi (Shepard 
1938), Deric O'Bryan at Mesa Verde (Shepard 1950), Fred Wendorf in the 
Petrified Forest (Shepard 1953), Neil Judd at Pueblo Bonito (Shepard 
1954), and Watson Smith at Awatovi (Shepard 1971). Her work provides 
a benchmark for later work on the ceramics of the Southwest, especially 
on the Colorado Plateau. 
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Archaeologists continue to draw on Shepard's work as a model of re­
search methods and presentation. In undertaking the study of the orga­
nization of ceramic production, Southwestern archaeologists typically 
use three sources of data: direct evidence for production in the form of 
tools, raw materials, unfired vessels, and production facilities; identifica­
tion of limited production loci and widespread exchange through chem­
ical and mineralogical analyses; and indirect evidence from the finished 
products. 

Direct Evidence of Ceramic Production 

The strongest evidence of ceramic production comes from the tools, ma­
terials, and features used in the production process. To date, no ceramic 
production workshops have been identified in the prehistoric Southwest, 
and many facilities associated with household production have left few 
identifiable traces (B. Stark 1985; Sullivan 1988). However, increasing ex­
cavation outside domestic spaces has led to the identification of a few 
ceramics firing facilities. At Snaketown, Emil Haury discovered clay mix­
ing basins, pit "kilns," potting clay, and portable tools used in the pro­
duction process in a single outside work area surrounded by six Sacaton 
phase structures (Haury 1976:194-197). Production features have also 
been identified at the Tucson Basin Hohokam West Branch Site (Hunt­
ington 1986). First recorded in the Mesa Verde area in the early 1970s 
(Helm 1973), trench kilns are now being recognized more often (Brown 
and Earls 1989; Brown et al. 1989; Fuller 1984; Hibbets 1984; Hibbets and 
Harden 1982). Archaeologists would undoubtedly discover more pro­
duction features if excavation included more horizontal stripping of ex­
terior areas. 

Although relatively few firing facilities have been identified, many 
excavations recover tools used in manufacturing ceramics, including 
scrapers, polishing stones, ground stone with clay residues, and pukis 
(e.g., Geib and Callahan 1988; Haury 1931; Hill 1985; Jones 1986; Judd 
1954; Sullivan 1988; Triadan 1989). Unfortunately, some of these tools, 
particularly the scrapers and polishing stones, may have been used for 
other activities as well; thus, it is not always possible to argue for ceramic 
production on the basis of their presence alone. Although caution is ad­
vised in the identification of potting tools and materials (Christenson 
1991; Sullivan 1988; Waterworth and Blinman 1986), the probability of 
finding artifacts associated with the production process is so high that 
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researchers should expend more effort in examining the distribution pat­
terns of such tools. Blinman and Wilson (1988) have used regional data 
on the distribution of these artifacts to look at change through time in the 
scale of production from A.O. 600 to 800 in the Dolores area of southwest­
ern Colorado. Careful excavation often reveals raw materials as well, in­
cluding clays, tempers, or pigments, and even unfired vessels (Martin et 
al. 1961). Other scholars identify clusters of tools and materials of potters 
or places where potters lived and worked (Crotty 1983; Herr 1993), and 
some burials have been identified as those of potters on the basis of an 
associated toolkit (Ravesloot 1992; Shafer 1985). Herr's (1993) compari­
son of ceramic scrapers recovered from sites along a long transect 
through northern New Mexico and Arizona found a predictable drop off 
in these tools at sites where the vessels were finished via the paddle-and­
anvil rather than scraping technique. 

Differential distributions of tools, materials, and facilities have been 
used primarily to examine intrasite variability in ceramic production, the 
dimension of production termed concentration (Costin 1991) or segregation 
(Pool 1992). In this volume, Wilson and Blinman use distributions of pot­
ting tools to examine the presence of potting and nonpotting households, 
and thus, the number of potters working within sites. 

Identification of Production Loci Through Compositional Analysis 

Use of compositional data has become commonplace in studies of pro­
duction loci and exchange. These data are often used to construct argu­
ments concerning the organization of production as well. Mineralogical 
and chemical analyses form the basis for determining the source of pot­
tery, identifying the relative concentration of producers within an area, 
and comparing the relative intensity of production among sites and re­
gions. When pottery is shown to have been manufactured from materials 
available in a limited area or is found to be compositionally homoge­
neous despite widespread distribution, scholars have a strong founda­
tion for interpreting limited production loci and subsequent exchange of 
pottery. Alternatively, it is often possible to identify in site assemblages 
pottery that was not produced locally. Small-scale exchange of pottery 
does not necessarily imply production by specialists, but large-scale ex­
change often does. Therefore, the identification of limited production 
loci combined with evidence for widespread distribution of a particu­
lar pottery type usually indicates specialization. Relative frequencies of 
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local and nonlocal types within and between sites may reveal variable 
production, exchange, and use of vessels (see Wilson and Blinman, this 
volume). 

A suite of compositional techniques is also used to identify where ce­
ramics were produced in the Southwest. The petrographic microscope 
remains a mainstay for ceramic analysis (e.g., Danson and Wallace 1956; 
Douglass 1987; Garrett 1982, 1986; Miksa 1992; Rose and Fournier 1981; 
Warren 1980). For many studies, petrographic analysis is sufficient for 
identifying location of production, especially if the sources for aplastics 
used for temper are restricted in their distribution. 

Chemical compositional techniques have become increasingly popu­
lar in studies of ceramic production in the Southwest. These methods in­
clude the electron microprobe (Abbott 1983; Abbott and Schaller 1991; 
Abbott and Walsh-Anduze, this volume; Vint 1992); X-ray fluorescence 
(Crown 1984; Crown et al. 1988; Olinger 1987a, 1987b, 1988; Olinger and 
Woosley 1989); atomic absorption (Foust et al. 1989; Walker 1992); induc­
tively coupled plasma spectroscopy (Burton and Simon 1993; Duff 1993; 
Stone 1992; Zede:fio 1994; Zede:fio et al. 1993); and instrumental neutron 
activation analysis (Bishop et al. 1988; Crown and Bishop 1991; Deutch­
man 1980; Elam et al. 1992; Neitzel and Bishop 1990; Ravesloot 1989; Tani 
1986; Whittlesey et al. 1992). Compositional data have been important in 
identifying problems with assigning "local" vs. "nonlocal" status to par­
ticular wares based on surface treatment and gross technological charac­
teristics (Crown 1984; Crown and Bishop 1991; Crown et al. 1988; Doyel 
and Elson 1985; Toll et al. 1980). 

Compositional studies have been particularly helpful in showing that 
the relative concentration of potters within regions of the Southwest may 
be highly variable. Researchers now agree that some potters were pro­
ducing more intensively than others in the Hohokam area (Crown 1990: 
239; Doyel 1991:233; Neitzel 1991:185-196). In the Anasazi area, Toll has 
confirmed Shepard's early observations on the intensity of Chuskan ce­
ramic production by demonstrating that this region supplied up to 50 
percent of the culinary ceramics used at Chacoan sites (Toll 1984, 1985; 
Toll and McKenna 1g87). The concentration of production at some Rio 
Grande villages may have been even greater: most vessels of a particular 
functional class were supplied by a single village or group of villages 
(Warren 1969). 

Compositional data are thus typically used in examining intersite 
variability in ceramic production. In this volume, the organization of 
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production of Southwestern pottery was assessed using a variety of 
analytic techniques for determining composition, including petrography 
(papers by Abbott and Walsh-Anduze; Habicht-Mauche); instrumental 
neutron activation analysis (papers by Hegmon, Hurst, and Allison; 
Zedefio; Crown); X-ray fluorescence (paper by Habicht-Mauche); atomic 
absorption (paper by Mills); inductively coupled plasma spectroscopy 
(papers by Abbott and Walsh-Anduze; Zedefio); and the electron micro­
probe (paper by Abbott and Walsh-Anduze). 

Indirect Evidence of Ceramic Production Through Examination 
of Vessels 

Southwestern archaeologists have used vessels and sherds for evaluating 
the organization of production, although interpretations based on the 
finished products alone are weaker than those based on other forms of 
data. Many researchers argue that the number of potters producing ves­
sels for a village affects the finished products in identifiable ways; in par­
ticular, the frequency of production (greater specialization indicates an 
increase in each potter's output) is related to the degree of standardiza­
tion and skill evinced in ceramic vessels. Although ethnoarchaeological 
research supports this association (Arnold and Nieves 1992; Longacre et 
al. 1988; Stark, this volume), the relationships are quite complex (Arnold 
1991; M. Stark 1993). Some investigators have suggested that measures of 
mechanical skill are the most appropriate for evaluating the organization 
of production (e.g., Costin and Hagstrom 1995). 

Using analysis of gestures or morphological standardization in prod­
ucts, several investigators in the Southwest have assessed change in the 
degree of skill apparent in archaeological assemblages over time. Haury 
(1976) argued that the use of fewer, larger motifs on Sedentary Hohokam 
red-on-buff pottery indicated mass production, with design quality and 
detail declining with increased vessel output. Hagstrom (1985) evaluated 
gestures and morphological standardization for black-on-white ceramics 
from the northern Rio Grande and found evidence for change toward 
greater standardization in the Classic period. Motsinger (1992) reached 
similar conclusions for ceramics from the Galisteo Basin and also found a 
decrease in the degree of standardization at the end of the sequence. In­
triguingly, Toll (1981) found only minor differences in morphological 
standardization between the heavily imported Chuskan wares at Chaco 
and local Cibola wares. Longacre et al. (1988) compared the degree of 
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morphological standardization in cooking vessels from the Grasshopper 
Ruin with ethnoarchaeological data on assemblages from the Philip­
pines. They argued that measures such as the coefficient of variation 
mean little unless archaeologists first identify appropriate morphological 
classes in their assemblages. Lindauer (1988) evaluated morphological 
standardization for a large assemblage of Hohokam red-on-buff vessels 
and argued that specialists may have produced a few forms. 

Morphological characteristics have also been used to evaluate ex­
change in prehistoric vessels. Whittlesey (1974) argued that bowls pro­
duced for exchange should nest for easier and more economical trans­
port. Evaluation of several types of bowls from the Grasshopper Ruin 
suggested that specific types were produced for exchange and others 
were not. 

A few Southwestern archaeologists have also employed the produc­
tion-step measure (Feinman et al. 1981) to evaluate the relative labor 
investment in ceramics. A decline in the measure may indicate increasing 
cost-efficiency in producing vessels, as would be expected when vessels 
were manufactured for domestic consumption. Alternatively, vessels 
with finely executed and highly decorated designs reflect the high labor 
investment expected on vessels manufactured for consumption by an 
attached elite. Upham et al. (1981) used the production-step measure, to­
gether with varying distributions of particular types, to argue for status 
differentiation within several settlement systems on the Colorado Pla­
teau. Neitzel (1991) estimated the production costs for several Hohokam 
pottery types and argued that the differential labor investments reflected 
differences in the organization of production of those types. 

Many of the papers in this volume rely on vessel attributes for evalu­
ating the organization of production. Various researchers examined the 
skill of potters as revealed by morphological standardization (papers 
by Mills; Crown; Hegmon, Hurst, and Allison); the frequency of mis­
fired vessels (paper by Hegmon, Hurst and Allison); and the quality of 
design execution (papers by Crown; Hegmon, Hurst, and Allison). In 
their paper, Abbott and Walsh-Anduze evaluated the development of 
manufacturing traditions by examining covariation in a suite of finishing 
techniques on Hohokam red ware vessels. Stark's paper examines the 
assumptions made by archaeologists who use morphological standard­
ization to evaluate specialization. 

Most research on the organization of production in the Southwest has 
concentrated on evaluating the existence and degree of craft specializa-
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tion. Very few studies have attempted to assess the social and political 
contexts of production. Nonetheless, the high degree of variation in pre­
historic Southwestern societies suggests that both social and political 
contexts were not static (Mills 1995). As the papers in this volume indi­
cate, debates about specific socio-political forms have been rephrased 
and questions are now being asked that treat these phenomena in more 
continuous terms. In the absence of clear-cut evidence for attached spe­
cialists, different intensities of social and political complexity are depen­
dent upon interpretations of degree of specialization-the amount pro­
duced by potters for extra-household consumption (Clark and Parry 
1990). 

Principles of recruitment into the social units of production are diffi­
cult to reconstruct from the archaeological record. Archaeological identi­
fication of production cohorts within the Southwest has often been based 
on ethnographic analogy. Ethnographic descriptions of ceramic produc­
tion in the Southwest indicate that women were primarily responsible 
for the manufacture of ceramic vessels (Bunzel 1929; Fontana et al. 1966; 
Tschopik 1941). Prehistoric burials that contain potters' tool kits (e.g., 
Ravesloot 1992; Shafer 1985) also confirm that pottery production was a 
task primarily associated with adult females. Cross-cultural studies indi­
cate that pottery that is hand-built by nonspecialists or part-time special­
ists in the context of the dispersed household industry is almost always 
made by women (Arnold 1985; Murdock and Provost 1973). Based on 
these data and studies, most Southwestern archaeologists assume that 
women produced the prehistoric pottery found in the Southwest. Histor­
ically, however, men at some pueblos participated in decorating vessels 
made by women (Bunzel 1929). The subject matter of representational 
painting on Mimbres White Ware vessels has led some researchers to 
suggest that men participated in at least the painting stage of producing 
this prehistoric pottery (Brody 1977:116; Jett and Moyle 1986:716-717; 
Skibo and Schiffer 1995). Although the papers in this volume do not di­
rectly address gender issues, recent research on the topics of gender and 
Southwestern ceramic production has included discussions on the ori­
gins of ceramic production (Crown and Wills 1994, 1995) and on ceramic 
production in the Anasazi (Hays-Gilpin 1993), Zuni (Mills 1994), and 
Hohokam (Crown and Fish 1994) areas. Further gender research on the 
organization of production is clearly warranted (Arnold 1985; Wright 
1991). 
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Summary of Volume Chapters 

The papers in this volume incorporate diverse methods for approaching 
the organization of ceramic production in the American Southwest. They 
also reflect a wide geographic expanse (from southern Colorado to north­
ern Chihuahua) and lengthy time period (from the A.D. 500s to the Proto­
historic period). In combination, these papers indicate that specialized 
production began early in the Southwest, during Basketmaker III (A.D. 

575-725) times (see Wilson and Blinman, this volume). Differential distri­
butions of tools, facilities, raw materials, and finished products indicate 
that some households at this time were producing pottery and others 
were not, and that potters at some sites were producing some wares 
more intensively than potters at other sites. Through the following mil­
lennium, ceramics were produced with variable concentration and inten­
sity in the Southwest, with evidence for specialized production of some 
types, wares, or forms in essentially all areas and time periods examined. 
In addition to these important conclusions, all of the researchers agree on 
two other points: (1) in none of these case studies was ceramic produc­
tion organized beyond the level of the dispersed household industry; 
and (2) in none of these case studies were the specialists attached to an 
elite. A brief review of the papers emphasizes additional implications. 

Hegmon, Hurst, and Allison review evidence for production of red 
ware and white ware vessels in the San Juan region from approximately 
A.D. 800-950. Combining data on distribution, composition, and stan­
dardization of morphological and design attributes, they argue that red 
ware production was specialized at the community level, whereas evi­
dence for specialization in the production of white ware is less convinc­
ing. Contradictory results from compositional data and morphological 
and design standardization led these authors to conclude that the wares 
were made at similar levels of intensity and scale, despite the evidence 
for more geographically limited production of red ware vessels. 

Wilson and Blinman examine white ware manufacture in the North­
ern San Juan region. Because of the differential distributions of tools, raw 
materials, and facilities, they argue that the intensity of production var­
ied by site and household through time. Using direct evidence for pro­
duction, macroscopic compositional differences, and a variety of vessel 
attributes, they examine changes in the degree of specialization in white 
ware production over time. Production of white ware vessels intensified 
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during the Pueblo III period, in conjunction with the appearance of for­
mal firing facilities. 

Abbott and Walsh-Anduze examine Classic period Hohokam red ware 
production. Their compositional analysis allows them to determine pro­
duction loci within the Salt and Gila River basins. Analysis of covariation 
among surface finish, color, and composition indicates that patterns pre­
viously believed to be related to temporal changes in manufacturing tra­
ditions is instead due to spatial differences in production techniques. 
Their results reveal high levels of pottery exchange in the Classic period, 
and, perhaps most significantly, high levels of exchange among irrigation 
communities. The authors suggest that the vessels were exchanged on a 
formalized basis between socially distant parties. 

Zedefio evaluates the manufacture and exchange of pottery in the 
Grasshopper region between approximately A.D. 1250 and 1400. Her re­
search indicates how pottery and the knowledge to make pottery might 
have circulated in the prehistoric Southwest. Relying on compositional 
data, she interprets variable sources for the pottery in this region; even 
single types were apparently manufactured both locally and in other 
areas. She notes three mechanisms for the movement of ceramic vessels 
and knowledge: (1) mobile settlement patterns led to contact with popu­
lations in surrounding areas and movement of pottery; (2) immigration 
brought new pots and potters applying their technology to local materi­
als; and (3) ethnic coresidence led to technology transfer from immi­
grants to local potters. She emphasizes the importance of technological 
change as a signal of changes in the potting group. 

Crown examines the organization of production of the Salado poly­
chromes from approximately A.D. 1275 to 1450. These types are wide­
spread, but compositional analysis indicates that they were manufac­
tured in most areas in which they are found. Analysis of use-wear and 
context of recovery reveals primarily domestic use, with common place­
ment in burials after use. Examination of morphological standardization 
and design efficiency suggests production of most vessels at the house­
hold level. Product specialization, however, is probable for some large 
bowl and jar forms. Crown argues that only highly skilled potters had the 
expertise to manufacture these difficult forms, but that low demand kept 
this production from intensifying. Her results suggest that women may 
have begun producing above the needs of the household because of their 
skill at producing difficult forms rather than their disenfranchisement. 
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Using the assemblage from Arroyo Hondo Pueblo in the northern Rio 
Grande, Habicht-Mauche employs compositional data to examine craft 
specialization and exchange in the Classic period (A.D. 1300-1450). She 
argues that the early black-on-white types were made over a large area 
and exchanged among neighboring communities. In contrast, the later 
glaze ware was produced in a few centers located close to the resources 
necessary for the glaze paint. Biscuit ware production apparently was 
also controlled by a few communities. This increasing community spe­
cialization was associated with a shift from household production for 
domestic consumption to a household industry for exchange. The late 
Classic period decorated ceramics signaled the appearance of a regional 
tribal alliance with highly integrated economic interaction. 

Mills assesses the production of two protohistoric decorated wares in 
the Zuni area to evaluate possible changes in political organization as­
sociated with European contact. She examines standardization in raw­
material use through compositional data and in morphology through 
vessel dimensions. She concludes that the later vessels were produced by 
fewer potters, with increasing exchange of pottery from fewer produc­
tion locales after European contact. These results do not support models 
of greater political complexity in the Zuni area before contact. Indeed, 
the author suggests that production was consistently at the level of the 
household, with informal exchange networks between potting and non­
potting households. 

Stark presents a critique of the concept of standardization. Using eth­
nographic data from a variety of sources, she challenges the notion that 
specialized production is necessarily associated with greater morpholog­
ical standardization. This theoretical overview does not deal specifically 
with Southwestern data but has important implications for many of the 
papers presented in this volume. The authors of the regional papers ref­
erence this research, which has been widely cited (in unpublished form) 
for several years. Inclusion of this paper makes Stark's conclusions avail­
able to a wider audience, particularly those who are interested in the use 
of morphological standardization as an argument for specialized pro­
duction in the Southwest. 

Finally, the two symposium discussants, Stephen Plog and Melissa 
Hagstrum, provide their perspectives on these papers. Each of these au­
thors places the papers in the broader context of research on ceramic pro­
duction and exchange. 
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Conclusions 

The papers in this volume address ceramic production in a variety of 
environmental and economic contexts in the American Southwest. In 

addition, they cover nearly 1,000 years of Southwestern prehistory and 

history. The resulting spatial and temporal cross section illustrates the 

diversity of approaches currently in use in the Southwest and the vari­

ability in the organization of production within this area. 
The papers demonstrate that compositional and noncompositional 

data provide important clues about the organization of production. 

Changes in analytic techniques have been accompanied by changes in in­

terpretive paradigms. Prehistoric and early historical ceramic production 
in the Southwest was far from the uniform system in which each house­

hold made all of its own ceramics. Anna 0. Shepard would find much 

more company among archaeologists working in the Southwest today 
than she did in her own day. 
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Production for Local Consumption 
and Exchange 
Comparisons of Early Red and White Ware 
Ceramics in the San Juan Region 

Michelle Hegmon, Winston Hurst, 
and James R. Allison 

Archaeologists have long recognized that different kinds of 
ceramics were distributed very differently in the prehistoric Southwest; 
some appear to have been widely exchanged, whereas others had a 
much more restricted and localized distribution. Ceramic exchange and 
its implications for regional economic systems have been the focus of re­
cent research (e.g., Doyel 1991; Plog 1986; Toll 1991). However, the pro­
duction of those ceramics-including whether and to what degree pro­
duction was specialized-has received much less attention (though see 
Bishop et al. 1988; Crown 1994; Graves 1994). Our goal here, as part of 
this volume, is to focus specifically on understanding ceramic produc­
tion in relation to distribution and exchange. 

This chapter addresses the problem by comparing ceramics that were 
distributed at different scales in the prehistoric Southwest. Specifically, 
the focus is on red and white ware ceramics in the Northern San Juan re­
gion (fig. 2.1) during the ninth and early tenth centuries A.D., the late 
Pueblo I and very early Pueblo II periods. The white ware types appear 
to have been made and used locally, whereas the red ware types were 
distributed well beyond their zone of production. We proceed by first ex­
amining data on ceramic distribution. Then we consider compositional 
data to gain information about production sources. Finally, we evaluate 
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the standardization of the ceramics to understand the organization of 
production in more detail. 

Production, Distribution, and Standardization 

Recent research has demonstrated, not surprisingly, that ceramic produc­
tion and its relationship to standardization are complex issues. Both pro­
duction and standardization are multidimensional concepts, and their 
relationship is by no means constant. Much research on ceramic produc­
tion and specialization focuses on administratively complex societies 
with fairly high degrees of specialization (e.g., Brumfiel and Earle 1987; 
Clark and Parry 1990; Costin 1991; Feinman et al. 1984; Peacock 1981, 
1982; Rice 1981; Sinopoli 1988; van der Leeuw 1977, 1984). These studies 
devote relatively little attention to less complex societies, such as those 
present in the early Puebloan Southwest. We hope here to contribute to 
research on prehistoric production by expanding archaeologists' under­
standing of less complex systems. 

Production Systems 

In considering production systems, we draw most heavily on Costin's 
recent formulation (1991:8-18; see also Mills and Crown, this volume), in 
which she conceives of the organization of production in terms of four 
parameters: context, concentration, scale, and intensity. Her formulation 
considers only specialized production, but it can be expanded to include 
unspecialized household production as well. We use Spielmann's (1988) 
definition of specialization because it is particularly well suited to rela­
tively low levels of complexity. Specialization is defined as "production 
above the needs of the household for purposes of exchange .... The term 
implies a relatively small number of producers in relation to the number 
of consumers" (Spielmann 1988:1). The focus is primarily on what Rice 
(1991:265) calls producer specialization, though, as will become appar­
ent, her concepts of site and resource specialization are also relevant. 

Because the levels of administrative complexity and specialization 
were fairly limited in early Pueblo societies, this discussion of produc­
tion systems is limited to three of Costin's parameters: concentration, 
scale, and intensity. Although some (e.g., Kane 1989) have argued that 
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Figure 2.1 Portion of the San Juan region in southeastern Utah and southwest­

ern Colorado, showing the locations of the sites used in the analysis. Sites are 
indicated with dots and names are in bold. Modern towns are indicated by 

open squares. The location of the Dolores Archaeological Program (DAP) study 

area is indicated by a dotted line. 

social hierarchies were present in the northern Southwest during the 

ninth century, there is no evidence of the kind of elite control of produc­

tion or well-developed administrative complexity that may have been 

present in later periods (e.g., Upham 1982). Thus, the production context 

is assumed to have been one of independent producers rather than pro­

ducers attached to elites or government institutions. In addition, given 

the absence of any evidence of elaborate workshops with expensive tech­

nology such as true kilns or wheels, the scale of production is assumed to 

have been fairly limited, involving nothing larger than interhousehold 

work groups (see Wilson and Blinman, this volume). Finally, although 

intensity is difficult to assess archaeologically (Costin 1991:30; Rice 1991: 

263), pottery producers are assumed to have been, at most, part-time spe­
cialists who were not totally dependent on others for their sustenance. 
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This last assumption is based on the presence of generalized inventories 
of goods in Pueblo I households, which indicate that these households 
engaged in a variety of activities (Varien and Lightfoot 1989). 

Given these assumptions, we focus on two basic issues regarding the 
organization of ceramic production and specialization. First, is there any 
evidence for specialized production of the red or white ware ceramics? 
Second, if production was specialized, how were specialists distributed 
(i.e., were they dispersed across the area or were they concentrated in cer­
tain communities)? We consider three basic modes of production: (1) un­
specialized household production, in which each household makes pot­
tery for its own use; (2) dispersed individual specialization, in which a 
few individuals or households make pottery for an entire community; 
and (3) community specialization, in which individual specialists, aggre­
gated in a limited number of communities, produce pottery for regional 
distribution. 

Dispersed individual specialization and community specialization 
differ mainly in the spatial distribution of both the producers and their 
goods. Other aspects of the organization of production may be very sim­
ilar. For example, in both cases households or interhousehold groups 
produce surpluses, usually on a part-time basis. In the first case, certain 
individuals produce a surplus of goods that are used primarily by other 
members of their community. In the second case, some or all households 
in certain communities produce surpluses that are distributed to other 
communities. Although examples of community specialization are com­
mon in both the ethnographic and archaeological literature (e.g., Allen 
1984; Dietler and Herbich 1989; Ford 1972; Harding 1967; Irwin 1978; She­
pard 1942), the concept of community specialization as a system of pro­
duction has only recently been discussed explicitly (Costin 1991; Rice 198T 
191; Spielmann 1988; see also Muller [1984, 1987) and Rice [1991:262) on 
site and resource specialization). Community and site specialization are 
important in archaeological research because they should be discernible in 
the archaeological record, even if individual specialization is not. 

Specialization and Standardization 

Archaeologists often assume that craft products will become more stan­
dardized as their production becomes more specialized, and several stud­
ies give some support to this assumption (e.g., Hagstrom 1985; Longacre 
et al. 1988; Rice 1981:222-223; Sinopoli 1988:582; Whittaker 198T 474; see 
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also Stark, this volume). Specialists are expected to make more standard­
ized products both because they are more skillful and because they may 
be motivated to increase their efficiency by simplifying and standardiz­
ing their products (Allen 1984:422-423; Hagstrum 1985:68). In addition, 
an assemblage will appear to be more standardized if it is made by fewer 
producers because of what Stark (this volume) calls the "ratio effect"; 
i.e., standardization will increase as the ratio of producers to products 
decreases. 

Other recent studies, however, show that the relationship between 
specialization and standardization is highly complex and does not apply 
in all cases. In her comparison of the products of specialist and nonspe­
cialist potters from Papua New Guinea, Guatemala, and the Amazon 
Basin, Stark (this volume) reports that the products of individual special­
ists are, on the average, more standardized than those of nonspecialists. 
However, she also reports a great deal of variation in the degree of stan­
dardization exhibited by specialists, and some specialists produced less 
standardized ceramics than some nonspecialists. 

The complexity of this relationship between specialization and stan­
dardization can be understood, at least to some extent, by studying four 
components of ceramic standardization (or variability): intentional styl­
istic, gross formal, compositional, and mechanical and technological 
characteristics (see Costin 1991; Costin and Hagstrom 1995; Rice 1987: 
202-204). 

Intentional stylistic components of ceramics (e.g., decoration) are 
strongly affected by social variables and, thus, have a tenuous relation­
ship to the system of production. In some cases, ceramics with appar­
ently standardized designs were produced at different locations and at a 
fairly small scale (e.g., Salado polychromes [Crown 1994)). On the other 
hand, some specialists created highly variable designs to express their 
individuality (Costin 1991:34, citing Earle 1982). 

Gross formal characteristics, such as size and shape, are strongly asso­
ciated with the intended use of the ceramics. It is therefore unlikely that 
these characteristics and specialization are strongly related. These char­
acteristics are still valuable, however, to the study of specialization and 
standardization. For example, size and shape are important attributes of 
ceramics that are made for long-distance distribution, especially in areas 
where community specialization is prevalent. Smaller vessels are easier 
to transport, and standard-sized bowls that can be stacked and nested 
are especially desirable (Rice 1987:202; Whittlesey 1974). Some specialists 
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may produce a wider variety of forms than do nonspecialists. Even if 
each form is highly standardized, it may be difficult to separate them in 
an archaeological context. Longacre et al. (1988) note that lumping emic 
functional classes in their Kalinga and Paradijon data greatly inflates 
their measures of variation, making the assemblages appear less stan­
dardized. It is therefore important to measure standardization separately 
on different sizes and shapes of ceramic vessels whenever distinct classes 
can be recognized. 

Material composition (i.e., the chemical and mineralogical characteris­
tics of the clay and temper) can provide important information on sources 
of production (e.g., Bishop et al. 1988; Crown 1994; Fish et al. 1992; Foust 
et al. 1989; Shepard 1942). Compositional data may be used to infer the 
number of production sources. The number of sources, however, is not 
equivalent to the number of potters or workshops because several pot­
ters may exploit one source and one potter may use several sources. 
Compositional data at least provide general information on the concen­
tration and distribution of production sources. 

Mechanical or technological variables are probably most directly re­
lated to productive specialization, and they are most often measured in 
research on standardization (Costin and Hagstrum 1995; Motsinger 1990; 
Rice 1989:113). These subtle variables reflect how a pot was made (e.g., 
rim form), decorated (e.g., line width), or fired (e.g., paste color). As the 
scale of production increases and a potter produces a greater volume, 
production techniques become more routinized and skill levels increase, 
resulting in more standardization (see Hill 1977). 

This chapter considers stylistic and gross formal characteristics only 
briefly (see Allison 1991 and Hegmon 1995a for a more detailed discus­
sion of style). The focus is on material composition and mechanical and 
technological variables. After discussing ceramic distribution, we use 
. compositional data to gain basic information on the number of sources 
and general organization of production. We then use the standardization 
of mechanical and technological variables to gain a more detailed under­
standing of the organization of production. 

The Database: Red and White Wares 

We examine the relationship between production and distribution by 
comparing red and white ware ceramics from the San Juan region of the 
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northern Southwest during the ninth and early tenth centuries A.D. We 
specifically focus on Bluff Black-on-red (Breternitz et al. 1974:57-59), 
Piedra Black-on-white (Breternitz et al. 1974:29-31), and White Mesa 
Black-on-white (Blinman and Wilson 1989:15; Hurst et al. 1985; fig. 2.2). 
These types can be distinguished on the basis of technological criteria 
(slip, polish, and paint color) as well as painted designs. Sherds that 
could be classified by these criteria were included in the analysis to max­
imize the sample size. 

Previous research provides important background information on the 
production and distribution of these three types. Both the red and white 
wares are tempered primarily with crushed igneous rock (commonly an­
desite or diorite). This rock is available in most parts of the San Juan re­
gion north of the San Juan River. It is therefore likely that all three types 
were made somewhere in the San Juan region. At least three subtradi­
tions of Pueblo I white ware are known in the Northern San Juan region 
(i.e., White Mesa Black-on-white in southeastern Utah, Piedra Black-on­
white in southwestern Colorado, and Glaze-painted Piedra Black-on­
white farther east along the Animas River in Colorado [see Wilson and 
Blinman, this volume]). These subtraditions suggest that the white ware 
types were made in several areas and that the distribution of each type 
was limited. Citing this evidence of subtraditions and drawing on data 
on ceramic manufacturing debris and tools, Wilson and Blinman (this 
volume; see also Blinman 1988:76-g5) argue that white ware production 
was specialized at a small scale (i.e., a few potters produced material for 
an entire community). Thus, the white ware would have been exchanged 
locally and perhaps within the region. San Juan Red Ware has been 
found throughout the Northern San Juan region; no subtraditions have 
been identified, nor are there differences within this ware from different 
areas. Red. ware is most abundant in southeastern Utah; many research­
ers assume that most or all of the San Juan Red Ware was made in that 
area and exchanged widely (Hurst 1983; Lucius and Breternitz 1981). 
Red-firing clays also appear to be most abundant in southeastern Utah, 
although they are available in other parts of the Northern San Juan region. 

Our research is based on a detailed analysis of ceramics from five 
sites (fig. 2.1): the Duckfoot Site (5MT3868, Lightfoot 1992; Lightfoot 
and Etzkorn 1993) in southwestern Colorado; Nancy Patterson Village 
(42sa2110, Thompson et al. 1988) in Montezuma Canyon in southeastern­
most Utah; and Edge of the Cedars Pueblo (42sa700, Green 1970; Hurst 
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1990), 42sa12209 (Fetterman et al. 1988), and Cholla Knoll (42sa555, Nel­
son 1978), all located west of Montezuma Canyon in southeastern Utah. 
In many of the analyses, the latter three sites are combined and referred 
to as the "Utah West" group. Some of the sites (e.g., Duckfoot) were oc­
cupied during a short, tightly dated period; others were occupied for 
longer periods and are less well dated (e.g., Edge of the Cedars). Where 
possible, analyses focus on deposits dated to the ninth and early tenth 
centuries. However, because the analysis is typologically based and all 
three types are associated with the Pueblo I period, temporal control of the 
ceramic samples could be maintained, even where the deposits are mixed. 

The Distribution of Red and White Wares 

The Pueblo I red and white wares were distributed differently across the 
Northern San Juan region and beyond. The general distributions are 
shown in Table 2.1, and more detailed distributions are shown in Table 
2.2. Bluff Black-on-red and other San Juan Red Ware types are most 
abundant (as a percentage of the total ceramic assemblage) in southeast­
ern Utah, particularly in Montezuma Canyon. Red ware is also relatively 
common in the eastern part of the San Juan region, in southwestern Col­
orado. Furthermore, San Juan Red Ware is consistently present (though 
in low frequencies) in areas beyond the San Juan region, such as Black 
Mesa in northeastern Arizona more than 100 km south of the San Juan 
River. In contrast, the two black-on-white types were distributed over 
more restricted areas (less than 50 km in diameter). With the exception of 
trace quantities, Piedra Black-on-white is found only in southwestern 
Colorado and northernmost New Mexico, and White Mesa Black-on­
white is found only in southeastern Utah. The latter is most common 
west of Montezuma Canyon; thus, its distribution in southeastern Utah 
is somewhat complementary to that of the red wares. 

The distributions alone indicate that red and white wares were pro­
duced and distributed at different scales in the ninth century San Juan re­
gion. San Juan Red Ware sherds are found across a broad area. Their 
presence in northeastern Arizona is clear evidence that they were distrib­
uted well beyond their zone of production (i.e., somewhere in the North­
ern San Juan region). If most or all of the red ware was made in south­
eastern Utah, then its distribution across the San Juan region suggests 
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Table 2.1 Summary Distribution of Red and White Wares, Showing 

Counts and Percentages of Total Ceramic Assemblage 

Total Red/White 
Area Red Wares White Wares Ceramics Ratio 

Montezuma Canyon 18,316· 1,667b 94,543 10.99 

19.4% 1.8% 

Utah West 3,434· 1,159b 25,796 2.96 

13.3% 4.5% 

Mesa Verde 1,093· 979b 25,705 1.12 

(SWCO) 4.3% 3.8% 

Dolores & Duckfoot 10,946· 9,968b 203,076 1.10 

(SWCO) 5.4% 4.9% 

Black Mesa 498· 18,907< 59,739 0.03 

(NEAZ) 0.8% 31.6% 

SOURCES: Montezuma Canyon includes Cave Canyon Village (Christensen 198o; 
Harmon 1979), Monument Village (Patterson 1975) and Nancy Patterson Village 
O. R. Allison's analysis for this chapter). Utah West includes sites west of 
Montezuma Canyon: Challa Knoll (Emery 1981; Nelson 1978), Edge of the 
Cedars Pueblo (proveniences with less than 3 percent corrugated gray ware; 
Walker 198o), Woodrat Knoll (Nickens 1977), 42sa12209 (Fetterman et al. 1988), 
and 42sa8o14 (Davis 1985). Mesa Verde includes ninth-century proveniences 
from Site 1676 (Hayes and Lancaster 1975). Dolores includes refuse collections 
dated A.o. 8oo--920 (Blinman 1988:240). Duckfoot includes total ceramic 
assemblage from Crow Canyon Archaeological Center's database. Black Mesa 
includes 0:11:2023, 0:11:2025, 0:11:2027 (Nichols and Smiley 1984), and 0:11:2030 
(Christenson and Parry 1985) 

•Most or all are San Juan Red Wares. 
bMost or all are San Juan White Wares, considered local to the San Juan region. 
'Most or all are Tusayan White Wares, considered local to northeastern Arizona. 
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Table 2.2 Distribution of San Juan Red and White Wares, Showing Counts and 
Percentages of Total Ceramic Assemblage 

San San 
Juan White Juan Tusayan 

Bluff Red Mesa Piedra White White 
Site BIR Ware B/W B/W Ware Ware Total 

Edge of 1,089 2,413 1,138 trace 5,555 trace 39,616 

Cedars 2.8% 6.1% 2.9% 14.0% 

Cholla 250 456 73 0? 204 trace 3,374 

Knoll 7.4% 13.5% 2.2% 6.0% 

42Sa 412 505 132 0 132 0 3,862 

12209 10.7% 13.1% 3.4% 3.4% 

Dolores 572 3,963 trace 584 3,328 trace 90,879 

0.9% 6.2% 0.9% 5.2% 

Duckfoot 2,023 5,795 0? 1,175 5,624 0? 112,197 

1.8% 5.2% 1.0% 5.0% 

Black ? 409 0? 0? 0? 18,907 59,439 

Mesa 0.7% 31.6% 

SOURCES: Edge of the Cedars data include entire site tallies. Specimens originally classified 
by Walker as Cortez Black-on-white are here interpreted as White Mesa Black-on-white, 
based on Winston Hurst's reanalysis for this chapter. Challa Knoll data are from Nelson 
(1978). Specimens originally classified as Kana'a Black-on-white are here interpreted as 
White Mesa Black-on-white, based on Hurst's reanalysis. Dolores data are from selected 
assemblages used in ceramic dating, A.D. 775-<)10 (Blinman 198673). Others as referenced 
in Table 2.1. 

that its production was specialized at the community level, with one or 
more communities in southeastern Utah producing it for exchange. 

In contrast, both white ware types had relatively limited distributions, 
and there is no evidence that they were distributed beyond the areas 
where they were produced. These data suggest that the white ware ce­
ramics were produced and distributed at a local level. Although these 
data provide little information regarding the scale of white ware produc-
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tion, they do not contradict the suggestion that it was specialized on a 
small scale. 

The reddish orange color of San Juan Red Ware is made by firing the 
ceramics in an oxidizing atmosphere, at least in the final stages of the fir­
ing. However, some apparently misfired red ware sherds are gray, sug­
gesting that the proper atmosphere was not achieved. When refired in an 
oxidizing atmosphere, these misfired sherds become reddish orange. Al­
though we cannot be certain that sherds classified as "misfired" were 
perceived as mistakes by early Pueblo potters, analysis of these sherds 
does provide a means of comparing production techniques at different 
sites. 

The distribution of misfired red wares is shown in Table 2.3. Misfired 
pieces are very common (17 percent of the red ware sherd assemblage) at 
Nancy Patterson Village, they are less common on sites farther west, and 
they are least common at the Duckfoot Site. It is likely that mistakes (i.e., 
misfired pieces) will most often be left where they are produced and less 
often be exported (Russell 1988, cited in Costin 1991:20). If misfired 
sherds represent mistakes in some sense, the distribution of misfired red 
wares supports the argument that red wares were produced in south­
eastern Utah and exported to southwestern Colorado. This distribution 
also suggests that the Montezuma Canyon area (where Nancy Patterson 
Village is located) was the locus (or at least the core area) of red ware pro­
duction. The very high percentage of misfired sherds (nearly one-fifth of 
the assemblage) at Nancy Patterson Village suggests that specialization, 
if present, may have involved considerable variability in production 
techniques. 

Table 2.3 Distribution of Misfired Red Wares 

Site or Area 

Red Knobs (along Cottonwood Wash, near Utah 
West group) 

Utah West 

Nancy Patterson (Montezuma Canyon) 

Duckfoot (southwestern Colorado) 

% Red Wares 
Misfired 

9 

10 

17 

5 
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Compositional Analyses 

To understand the ceramic production sources, we conducted a series of 
analyses of the ceramics' temper and chemical composition. Some of 
these results are preliminary, though further work is planned (Hegmon 
and Allison 1990); therefore, the analyses are described only briefly here. 
Petrographic analysis (done by Michelle Hegmon and Elizabeth Garrett) 
was used to examine the igneous rock temper in 61 samples of Piedra 
Black-on-white and generalized Pueblo I white ware from southwestern 
Colorado (Garrett 1990; Hegmon 1995b). Fifteen of these samples were 
from the Duckfoot Site; the remaining 46 were from three sets of sites ex­
cavated by the Dolores Archaeological Program (DAP; see fig. 2. 1). Most 
of the nonplastic inclusions in the ceramics were porphyries with phe­
nocrysts of twinned and untwinned feldspars, biotite, and in some inclu­
sions, hornblende and pyroxene. However, the specific characteristics of 
the rocks, especially of the feldspar minerals, are quite variable with 
some consistent intersite differences. Specifically, three sets of character­
istics differentiate the Duckfoot and Dolores samples. First, rock charac­
terized as cryptocrystalline groundmass with quartz fragments is much 
more common in the Duckfoot sample (20 percent) than in the Dolores 
sample (2 percent). Second, feldspars characterized as moderately or 
heavily clouded (the clouding is an indication of decomposition) are 
much more common in the Dolores sample (67 percent) than in the 
Duckfoot sample (7 percent). Third, abundant twinning of feldspars is 
much more common in the Duckfoot sample (69 percent) than in the Do­
lores sample (16 percent). 

Igneous rocks apparently suitable for ceramic temper are available 
from igneous outcrops and from streams and terraces across much of 
the Northern San Juan region. Various potential source materials were 
analyzed but were not found to be a close match for the ceramic temper. 
Despite this failure to identify specific sources, the analyses still pro­
vided important information regarding ceramic production. First, the 
differences noted between the Duckfoot and Dolores samples indicate 
that different sources were used to produce the two samples and that 
Piedra Black-on-white was made at several locations across southwest­
ern Colorado. These differences also support the argument that white 
ware was produced locally (i.e., at a scale of tens of kilometers) at many 
sites across the area. Second, the rock temper is much less variable than 
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the suite of locally available igneous rocks. It appears that potters mak­
ing Pueblo I white ware in southwestern Colorado carefully selected cer­
tain kinds of rocks and that the same selection criteria were applied at 
several production locales. 

Instrumental neutron activation analysis (INAA) was used to determine 
the chemical composition of the ceramics and assess the compositional 
homogeneity or variability of each type. INAA is a sensitive multielemen­
tal technique that determines the chemical composition of a sample. 
Numerous archaeological applications have demonstrated its use for 
research on ceramic production and exchange (e.g., Bishop et al. 1988; 
Neff 1989, 1992; Perlman and Asaro 1969; Wilson 1978). Interpretation of 
the INAA data involves searching for groups of chemically similar sam­
ples, working under the general assumption that a group was probably 
made from the same materials and in the same place (Bishop et al. 1982). 
We performed the INAA analysis using facilities at the National Institute 
of Standards and Technology, in association with Ronald Bishop and 
James Blackman of the Smithsonian Institution's Conservation Analytical 
Laboratory. 

The analysis assessed the bulk chemical composition of the ceramics, 
i.e., the composition of the clay and temper combined. Igneous rock tem­
per is potentially problematic for this kind of procedure because igneous 
rocks are heterogeneous, chemically complex, and rich in many of the el­
ements (such as iron, scandium, and the rare earths) that are commonly 
used to differentiate clay sources. Igneous rock temper, therefore, is ex­
pected to add "noise" to the analysis. A group of ceramics made from a 
single clay source and single igneous rock source would be expected to 
be somewhat heterogeneous chemically. The extent of the heterogeneity 
and whether groups can be differentiated depend on the sources and the 
differences among them. 

To determine the utility of INAA for this situation, we conducted a pi­
lot study with samples of each type. We analyzed 19 samples of Bluff 
Black-on-red (18 from Edge of the Cedars and 1 from Black Mesa, Ari­
zona), 17 samples of White Mesa Black-on-white (from Edge of the 
Cedars), and 11 samples of Piedra Black-on-white (10 from Duckfoot and 
1 from Dolores). The distributions of the samples based on the concentra­
tions of iron and scandium are shown in figure 2.3. These two elements 
are particularly useful for this kind of analysis because they can be de­
tected with a high level of precision. In addition, they tend to substitute 
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Figure 2.3 Distribution of Bluff Black-on-red, Piedra Black-on-white, and 
White Mesa Black-on-white, showing the concentrations of iron and scandium. 
Ellipses show 95-percent confidence interval. The ellipse for the Bluff group 
was calculated excluding the one outlier. Figure courtesy of Crow Canyon Ar­
chaeological Center, Cortez, Colorado. 

for each other chemically, so sources can often be distinguished on the 
basis of the iron-scandium ratio, graphically seen as a cigar-shaped plot 
(Sayre 1975). 

Eighteen of the 19 red ware specimens group together quite tightly; 
they are neatly bounded by a 95-percent confidence interval. The single 
specimen from Arizona groups together with 17 of the Edge of the 
Cedars specimens. The one outlier is from Edge of the Cedars. The White 
Mesa Black-on-white specimens also group together and are bounded by 
a 95-percent confidence interval, though they are more broadly distrib­
uted than the red ware specimens. In contrast, the Piedra Black-on-white 
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specimens are broadly scattered and do not form a distinguishable chem­
ical group. These compositional analyses, combined with the data on dis­
tribution, can be used to offer some tentative conclusions regarding the 
production of the three ceramic types. 

Bluff Black-on-red is widely distributed across the Northern San Juan 
region and beyond. The sample of Bluff Black-on-red from Edge of the 
Cedars forms a tight chemical-composition group, and the one specimen 
from Black Mesa, Arizona, is chemically indistinguishable from the Utah 
sample. These data provide fairly strong evidence that Bluff Black-on­
red was produced in southeastern Utah and distributed-probably ex­
changed-across the San Juan region and beyond. Because Bluff Black­
on-red was apparently produced in a relatively small area but was 
widely distributed, we believe it was produced by specialized communi­
ties. However, more research is needed to determine the number of pro­
duction centers, their locations, and the scale and intensity of red ware 
production. 

White Mesa Black-on-white also forms a relatively tight chemical­
composition group. Unlike Bluff Black-on-red, however, its distribution 
is limited to southeastern Utah. The compositional homogeneity sug­
gests that the production of White Mesa Black-on-white was somehow 
restricted, though its limited distribution indicates that production was 
probably not specialized at the community level. We suggest that White 
Mesa Black-on-white was produced by dispersed individual specialists. 

Piedra Black-on-white is quite heterogeneous compositionally, and 
petrographic analysis indicates that temper sources are fairly localized. 
Furthermore, Piedra, like White Mesa, has a relatively restricted distribu­
tion. There is no evidence for community specialization in the produc­
tion of Piedra Black-on-white. The chemical heterogeneity argues against 
large-scale or intense production. It is possible that it was produced by 
dispersed individual specialists. However, this chemical heterogeneity 
indicates that more sources were used to produce Piedra than White 
Mesa ceramics and that Piedra was produced on a smaller scale and/or 
with less intensity. 

Mechanical and Technological Standardization 

Data on ceramic distribution and composition provide important infor­
mation regarding the sources of ceramic production. However, these data 
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provide relatively little information about the details of productive orga­
nization, including the scale and intensity of production. To investigate 
these factors, we reviewed data on the standardization of the ceramics, 
focusing on detailed attributes of form and design. We expected that as 
scale (the size of the work unit) and intensity (the volume per producer) 
increased, standardization would have resulted because of increases in 
skill, efficiency, and the consumer-to-producer ratio. In our analysis of 
standardization, we compared ceramic types from the same site or area 
to ensure relative temporal equivalence (a procedure advocated by Stark, 
this volume). We also compared ceramic types between regions and with 
each other to gain a broader understanding of the relative standardiza­
tion of each type. Furthermore, to control for vessel form (Longacre et al. 
1988), we considered only bowls because bowls account for 85 to 100 per­
cent of the assemblages, and samples of other forms are too limited. 

Form and Design 

Variation in ceramic form and design was assessed by evaluating several 
attributes on rim sherds (fig. 2-4). Most of these attributes (e.g., line width 
and rim shape) likely resulted from the mechanics of the production 
process and should be closely related to the scale and intensity of pro­
duction. A few attributes (e.g., the presence or absence of a rim line) are 
probably stylistic in nature and were assessed in relation to the mechani­
cal variables. 

We considered three continuous variables: bowl radius, line width, 
and wall thickness. We examined frequency distributions of the variables 
for each type at each site or area to determine whether any had a multi­
modal distribution. Multiple modes would have provided important in­
formation regarding different classes of ceramics that must be separated 
in assessing standardization (see Longacre et al. 1988). Multiple size 
modes have been noted in analyses of later Southwestern ceramics (Mills 
1989; Turner and Lofgren 1966). However, none of the Pueblo I types ex­
hibited a multimodal distribution (e.g., fig. 2.5), so we proceeded with 
quantitative summaries of the data, focusing on the coefficient of varia­
tion. The results, arranged in terms of three sets of comparisons, are 
shown in Tables 2.4 to 2.6. Within each table, the coefficients of variation 
are ranked, with the highest rank (1) indicating the greatest variability. 

Variation in Bluff Black-on-red divided by area is shown in Table 2.4. 
The Duckfoot sample is least variable in radius and thickness but most 
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variable in line width. Although the trend is not strong, these results sug­
gest that red ware vessels exported to southwestern Colorado were more 
standardized than those used in southeastern Utah. These results com­
plement the finding that misfired pieces are least abundant in southwest­
ern Colorado. 

Comparisons of the three types, either overall (table 2.6) or divided by 
site (tables 2.4 and 2.5), show that Bluff Black-on-red is consistently the 
most variable in all three attributes (fig. 2.6). White Mesa and Piedra 

Black-on-white vessels display roughly equal degrees of variability. 
When the white ware types are compared as a whole (table 2.6), Piedra 
appears to be less variable, though the difference may be due to the con­
texts of the different samples; i.e., the Piedra assemblage is from a single 
site, whereas the White Mesa is from four sites. When single-site assem­
blages are compared (table 2.5), White Mesa is slightly less variable than 
Piedra. 

We also considered three categorical variables: rim form (square, 
round, or pointed), line on rim (present or absent), and rim walls (tapered 
or parallel; fig. 2.4). States of these variables by type are listed in Table 
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Figure 2.5 Histogram of bowl radius measurements on Bluff Black-on-red, 
showing a unimodal distribution. 
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Table 2.4 Summary Statistics of Continuous Variables on Bluff Black-on-
Red Bowls, Divided by Site and Area 

Site or 
Area Variable N Mean c.v. Rank Min. Max. 

Duckfoot Radius 103 10.10 23.76 3 3 15 
Line Width 79 3.90 62.56 1 2 20 
Thickness 135 4.82 15.56 3 3 7 

Utah Radius 162 9.90 28.99 1.5 4 22 
West Line Width 82 3.79 41.16 2 2 10 

Thickness 264 4.20 20.71 2 4 8 

Nancy Radius 28 8.02 27.68 1.5 4 14 

Patterson Line Width 44 4.03 31.51 3 2 8 
Thickness 49 4.39 24.60 1 2 6 

2.7. With the exception of the rim line, the attribute states are quite vari­
able across all three types; i.e., none is present in more than 73 percent of 
the cases. Only the rim lines are highly consistent: they are present on 98 
percent of the White Mesa sample. However, the significance of the rim 
lines is difficult to evaluate because a rim line is a stylistic attribute that 
may be affected by social factors. Using contingency tables, we examined 
the association of these attributes, but the tables also revealed no consis­
tent differences between the types. 

Standardization and Specialization 

The results of these analyses of both continuous and categorical variables 
are surprising. They reveal relatively few differences in the standardiza­
tion of ceramic form. Bluff Black-on-red, the type for which we have the 
strongest evidence of specialized production based on the compositional 
data, is the least standardized in form and design. In other words, we 
have fairly strong evidence that Bluff Black-on-red was produced by spe­
cialized communities and traded widely, whereas the white ware was 



Table 2.5 Summary Statistics of Continuous Variables for All Three Ceramic 
Types on Sites Where They Are Most Abundant 

Site/Type Variable N Mean c.v. Rank Min. Max. 

Edge of Cedars/ Radius 58 10.07 23.63 3 5 20 
White Mesa Line Width 142 1.07 26.17 3 1 3 

B/W Thickness 126 3.77 18.83 2 3 6 

Duckfoot/ Radius 89 9.34 24.63 2 3 15 
Piedra B/W Line Width 85 2.36 35.17 1 1 7 

Thickness 134 4.89 14.31 3 3 7 

Nancy Radius 28 8.02 27.68 1 4 14 

Patterson/ Line Width 44 4.03 31.51 2 2 8 

Bluff B/R Thickness 49 4.39 24.60 1 2 6 

Table 2.6 Summary Statistics of Continuous Variables by Type, 
Assemblages from All Sites Combined 

Type Variable N Mean c.v. Rank Min. Max. 

Bluff Radius 293 9.79 27.78 1 3 22 

BIR Line Width 205 3.88 49.74 1 2 20 

Thickness 488 4.41 19.95 1.5 2 8 

Piedra Radius 89 9.34 24.63 3 3 15 

B/W Line Width 85 2.36 35.17 2 1 7 

Thickness 134 4.89 14.31 3 3 7 

White Radius 95 9.67 26.16 2 5 20 

Mesa Line Width 201 1.09 29.36 3 1 3 

B/W Thickness 176 3.76 19.15 1.5 3 6 
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Figure 2.6 Histogram of coefficients of variation for Bluff Black-on-red, White 
Mesa Black-on-white, and Piedra Black-on-white. 

produced and distributed on a more restricted and localized basis. Yet it 
appears that potters in the specialized communities produced less stan­
dardized forms than potters who produced for more local consumption. 
The high frequency of misfired red ware sherds in the production area 
(i.e., at Nancy Patterson Village) further suggests that red ware produc­
tion was not highly standardized. 

This apparent disassociation between specialization and standardiza­
tion may be explained by considering the various dimensions of special­
ization. The concentration of specialists, the primary factor in commu­
nity specialization, should have little effect on standardization. However, 
the scale and intensity of production, which may be similar for dispersed 
individual specialists and specialized communities, are expected to be 
most strongly related to standardization. 

Although red ware production was clearly more spatially concen­
trated than white ware production, there may have been relatively few 
qualitative differences in the production processes. Both wares were 
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Table 2.7 States of Categorical Variables by Type 

Rim Form Line on Rim Rim Walls 

Type Round Square Present Absent Tapered Parallel 

Bluff BIR 143 349 405 99 187 281 
29% 71% 80% 20% 40% 60% 

Piedra B/W 119 54 103 76 96 55 
69% 31% 58% 42% 64% 36% 

White Mesa 45 130 184 3 56 127 

B/W 26% 74% 98% 2% 31% 69% 

hand-built by coiling and scraping; both are likely to have been made on 
the same small scale, at the level of a household or small work group. Be­
cause the red ware in our sample appears to be slightly less standardized 
than the white ware, we conclude that red ware was produced at the 
same or a slightly lower level of intensity than white ware. In other 
words, red ware vessels appear to have been made by many producers, 
some of whom produced a small surplus for distribution beyond their 
household. Most or all households within the producing communities 
may have been involved in red ware production. 

Conclusions 

This paper considers the production of three Pueblo I pottery types in the 
Northern San Juan region in relation to their distribution. Bluff Black-on­
red is widely distributed across the region and beyond, whereas Piedra 
Black-on-white and White Mesa Black-on-white have much more re­
stricted distributions (in southwestern Colorado and southeastern Utah, 
respectively). The red ware and White Mesa Black-on-white are quite 
standardized compositionally, whereas Piedra Black-on-white is much 
more heterogeneous. In combination, these data suggest that red ware 
production was specialized at the community level, perhaps with the 
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core production area in easternmost Utah (including Montezuma Can­
yon), where red ware is most abundant. The high percentage of misfired 
red ware in Montezuma Canyon supports this conclusion. There is less 
evidence for the specialized production of either white ware type, al­
though many researchers have argued that white ware vessels were 
made by dispersed individual specialists. However, the limited distribu­
tion of both white ware types argues against any large-scale or intensive 
production of these ceramics. 

Analysis of the standardization of rim form and design on these three 
ceramic types resulted in an unexpected conclusion. Bluff Black-on-red, 
the type for which there is the strongest evidence of specialized produc­
tion, was the least standardized, though overall differences in standard­
ization are not great. The apparent inverse correlation between special­
ization and standardization can be understood only if one considers both 
as multidimensional phenomena. Specialization includes the dimensions 
of concentration, intensity, and scale, whereas standardization includes 
stylistic variation and composition as well as mechanical and technolog­
ical variation. 

The red ware is highly standardized compositionally, indicating that it 
was made at only a few sources and its production was concentrated in 
specialized communities. However, this one dimension (i.e., concentra­
tion) is not necessarily associated with the other dimensions of special­
ization. The overall similar degree of mechanical, technological, and styl­
istic variation in both red and white wares suggests that their production 
was not qualitatively different and they were made at roughly the same 
scale and intensity. The variability and abundance of the red ware sug­
gest that it was produced by a relatively large number of producers at a 
low level of intensity. 

These conclusions, particularly those regarding the scale and intensity 
of production, are tentative rather than definitive, though we hope we 
have contributed to an understanding of Pueblo I ceramic production. 
We also hope that we have demonstrated the importance of considering 
many dimensions when assessing production systems. Although we 
have focused on the production process, understanding production is 
only one step toward understanding the prehistoric economic system. 
San Juan Red Ware may be the earliest documented example of commu­
nity specialization in the Southwest. Further research is needed to con­
sider how and why this system developed. 
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3 
(hanging Specialization of White Ware 
Manufacture in the Northern 
San Juan Region 

C. Dean Wilson and Eric Blinman 

The Northern San Juan (or Mesa Verde) region refers to the 
northernmost extension of the Anasazi. This region includes most of the 
areas drained by the northern tributaries of the San Juan River (fig. 3.1). 

The confluence of the Colorado and San Juan rivers forms the southwest­
ern boundary, and the Colorado River forms the western boundary of 
this region. The eastern boundary is sometimes drawn at the Animas 
River but is probably best placed slightly to the east. The northern 
boundary is usually defined by the watershed limits of the northern trib­
utaries of the San Juan River, but it extends slightly farther north to in­
clude the southernmost portions of the Dolores River and its tributaries. 

Anasazi sites dating from the Basketmaker III through the Pueblo III 
periods (A.D. 575 to 1300) are scattered throughout this region. Evidence 
from these sites indicates dynamic changes in settlement distribution, 
subsistence emphases, and social and economic networks. These changes 
influenced, and are reflected in, patterns of pottery production, decora­
tion, use, and exchange. Although white ware pottery production is the 
focus of this paper, pottery production is a multilayered phenomenon 
also entailing social and economic contexts of vessel use and the trans­
port and exchange of ceramics; white ware production cannot be consid­
ered in the absence of the other wares (Blinman 1988; Blinman and Wil­
son 1992, 1993; Rice 1984). 
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Figure 3.1 The Northern San Juan region and its location in the Southwest. 

Characterization of Ceramic Production 

Most models of pottery production and specialization have been derived 
from ethnographic data and have focused on the relationship between 
producers and consumers, the volume of production by individuals, or 
the proportion of an individual's subsistence obtained from pottery pro­
duction (Arnold 1985; Balfet 1981; Costin 1991; Peacock 1982; Rice 1987: 
18o-191). Within these models, examples of ceramic production are ranked 
along continua, from full-time specialists and formalized distribution 
systems in large and complex societies to household production and con­
sumption in smaller and less complex societies. Although production 
levels among the Northern San Juan Anasazi did vary, production ap­
pears to have almost always been organized at the low end of this scale, 
generally at or below the level of a household industry. This narrow 
range limits the usefulness of production typologies in the study of pro­
duction change. It is more useful to explore estimated producer-consumer 
ratios and evidence of the geographic distribution of production. 
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Northern San Juan pottery production patterns are influenced by fac­
tors similar to those identified in studies of traditional potters: the geo­
graphic distribution of suitable raw materials; the size, organization, and 
subsistence emphases of populations; the technological complexities 
associated with the different wares; and utilitarian and social roles of 
vessels (Arnold 1985; Rice 1984, 1987). These factors can be related to 
synchronic differences in the production of different wares, as well as 
diachronic change in production patterns. 

Wares and Production 

Anasazi pottery production must be understood in terms of wares (Bris­
bane 1981; Fry 1980, 1981; Rice 1987; Vince 1981). Although Northern San 
Juan Anasazi vessel forms and decorative styles vary widely, the over­
whelming majority of sherds and vessels fall within three distinctive 
ware classes: gray, white, and red (Abel 1955; Breternitz et al. 1974; Rohn 
1977; Wilson and Blinman 1991). These wares are defined as vessels and 
sherds that share broad technological and decorative treatments (Blin­
man et al. 1984; Wilson and Blinman 1991). The ware definitions also 
have strong, but not perfect, functional correlates: gray ware vessels ap­
pear to have been used for cooking and bulk storage, and white and red 
ware vessels appear to have been used for serving and specialized storage 
functions. Gray wares are unpainted, unslipped, and generally unpol­
ished and were fired in a neutral atmosphere. Decoration, when present, 
is in the form of surface texture such as coiled and corrugated treatments. 
White wares are painted vessels that are typically polished and slipped 
and were fired in a neutral atmosphere. Red wares are painted or pol­
ished vessels made of high-iron clays that were fired in a strong oxidiz­
ing atmosphere, which produced red or orange surface colors. 

Two factors, vessel function and clay properties, appear to have had 
the strongest roles in determining the production organization of the dif­
ferent wares. Gray ware vessels were commonly used for cooking. As 
such, they were subject to more frequent breakage than other forms and 
needed to be replaced rapidly as part of household maintenance, espe­
cially as agricultural intensification increased reliance on boiling as a 
cooking technique (Blinman 1988). Also, the size and shape of cooking 
jars made them awkward to transport over long distances, and they were 
less likely than other vessel classes to be widely exchanged (Rice 1987). 
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Gray ware decoration was limited to surface texture, a decoration style 
that would remain visible during use despite the effects of sooting. The 
emphasis on surface texture rather than painted decoration also de­
creased the importance of surface color, allowing the use of clays with a 
wider range of properties than was possible with the other wares. Clays 
suitable for pottery production are ubiquitous within the region (Leon­
hardy and Clay 1985; Molenaar 1977; Wilson et al. 1988), and resource 
availability was not a constraint on gray ware production. 

White ware vessels were generally used for serving and storage, but 
these functions were also met by both gray and red ware vessels. Bowl 
breakage should have been less frequent than cooking-jar breakage, and 
storage containers tended to have even longer use lives, requiring less 
frequent manufacture of replacement white ware than gray ware vessels 
(DeBoer 1985; Nelson 1985). Although gray ware vessels could readily 
fulfill the functions of white ware vessels, the poor heat-shock perfor­
mance of many of the white ware day-temper combinations limited their 
use as cooking containers except in emergencies (Bronitsky and Hamer 
1986). 

The most striking feature distinguishing white from gray wares is 
their decoration: dark brown or black designs executed in mineral or or­
ganic pigments contrast against a light gray or white background. Al­
though this contrast can be achieved with most clays, moderate- or high­
iron clays can only be used if the potter exercises precise control over the 
firing atmosphere. The firing process must allow just enough oxidation 
to remove organic material from the clay, but not so much oxygen to 
transform iron compounds from their ferrous (gray) to ferric (red) state. 
This "neutral" atmosphere is difficult to maintain, and consistent results 
are more easily achieved if low-iron clays are selected for white ware 
production. In the Northern San Juan region, low-iron clays are much 
less common than moderate- to high-iron clays. Low-iron clays, how­
ever, are relatively widely distributed; only localized portions of the re­
gion lack such clays. An additional factor in white ware production is the 
difference in organic-paint retention among clays, which requires that in­
dividual clays be matched with suitable paint types. These sources of 
variation may have influenced the geographic distribution of white ware 
production, but low-iron clays can be used as slips, and the small quanti­
ties needed could have been obtained given the large extent of the slip 
catchments of modern potters (Arnold 1985). Thus, clay resource distri-
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bution could have influenced white ware production, but that influence 
need not have been strong or consistent through time. 

Red ware vessels fulfilled the same range of functions (serving and 
storage) as white ware vessels, but fewer large vessels were executed as 
red wares. As a result of this functional similarity, red ware vessels were 
subject to the same breakage rates as white wares. Also red ware func­
tions were not exclusive, and vessels of other wares could have been sub­
stituted for red wares when necessary. 

The most obvious distinguishing characteristic of the red wares is the 
combination of clay selection and strong oxidation firing. Whereas both 
gray and white wares were fired under neutral conditions, red ware pot­
ters selected high-iron clays and consciously oxidized those clays during 
at least the final stages of firing. The common presence of gray cores 
within red ware sherds indicates that naturally gray clays were used for 
most red ware production. If these clays had been subjected to the same 
firing regime as gray and white wares, the reddish orange colors would 
not have been achieved, which indicates that a distinctly different firing 
technique was used. Even though iron-rich slips were used for some later 
red wares, the slips were never applied over low-iron clays. Although 
they may be most abundant in southeastern Utah, sources of high-iron 
clays are widespread within the Northern San Juan region. Resource re­
striction by itself, therefore, should not have been a significant constraint 
on production (contra Lucius and Breternitz 1981; Lucius and Wilson 
1980). Other aspects of San Juan Red Ware production are discussed by 
Hegmon et al. (this volume). 

Cultural Context of Ceramic Production 

Although it is dangerous to generalize the cultural history of the North­
ern San Juan region, numerous developments may have influenced pot­
tery production (Brew 1946; Fuller 1987; Hayes 1964; Hayes and Lan­
caster 1975; Irwin-Williams and Shelley 1980; Kane 1986; Kuckelman and 
Morris 1988; Orcutt et al. 1990; Reed 1958; Rohn 1989; Schlanger 1988; 
Toll and Hannaford 1989; Wilshusen and Blinman 1992). Many of these 
developments, such as aggregation, were cyclical rather than unidirec­
tional. Population size and organizational complexity, however, appear 
to have increased over time. 
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Anasazi occupations before the late sixth century are represented by a 
few small, scattered sites that contain either no pottery or low frequen­
cies of undecorated brown ware pottery (Wilson and Blinman 1994). By 
A.o. 600, sites with pottery conforming to the Anasazi Basketmaker III 
tradition occur throughout much of the Anasazi region. During the sev­
enth century, the Basketmaker III population increased dramatically, con­
sisting of widely dispersed habitations housing nuclear or extended fam­
ilies. The population was still widely scattered at the beginning of the 
Pueblo I period (circa A.O. 725) but began to move to areas of higher rain­
fall at about A.O. 760. Although some large villages appeared during this 
time, much of the population remained in isolated hamlets. Most habita­
tions consisted of suites of pit structures and surface rooms containing 
several households. Subsistence may have been more strongly based on 
agriculture, apparently as a response to population pressure on nonagri­
cultural resources (Earle 1980; Orcutt 1987). Many of these villages ap­
pear to have been abandoned before A.O. 810, only to re-form about A.o. 

830. Some of these later villages were abandoned by about A.O. 860 
(Wilshusen and Blinman 1992), whereas others persisted and grew. 

A major population decline occurred by the end of the ninth century, 
and much of the population returned to widely dispersed settlements 
(Blinman 1994). Possible exceptions to this dispersal are on Mesa Verde 
and in Mancos Canyon. Dispersed settlements continued to be common 
during the later tenth and eleventh centuries, although the number and 
size of habitations appear to have increased significantly. By the late 
eleventh century, much of the population moved into very large orga­
nized villages or communities, some of which are classified as Chacoan 
outliers, although such developments probably cannot be attributed to 
direct Chaco Canyon influence. Many of the villages formed during the 
Pueblo II period continued to serve as important centers during the 
Pueblo III period, and additional large nucleated settlements were also 
formed. Isolated households and hamlets persisted, but larger pueblos 
formed focal points for outlying populations. Canyon-head settlements 
and water-control features were common, indicating a greater concern 
for water, and some sites were placed in defensible settings. These devel­
opments ended sometime between A.o. 1250 and 1300 as the Anasazi 
abandoned the greater Four Corners area, coincident with the onset of a 
period of prolonged climatic deterioration (Dean 1994). 

Increases in population and the movement into larger villages may 
have contributed to an increase in ceramic specialization in several ways. 
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Increased reliance on agriculture would have raised the demand for ves­
sels, especially gray ware cooking jars, increasing production volume. 
Climate-driven settlement movement would have changed the relation­
ships between potters and resources, and population pressure may have 
also restricted access to agricultural land in some areas. This pressure 
could have encouraged some groups located in areas of poor agricultural 
productivity to specialize in pottery production as a subsistence supple­
ment (Arnold 1975; 1985). Concentration of population could also have 
affected the organization of pottery production through the depletion of 
wood as a result of heavy use for construction and fuel (Kohler and 
Matthews 1988; Toll 1981; Toll and McKenna 1987). Village development 
may also have fostered either interhousehold divisions of labor or social 
inequalities that could have encouraged either specialization or restric­
tions on access to specific wares. 

Documentation of Ceramic Production 

Although many factors may have influenced pottery production in the 
Northern San Juan region, little effort has been directed toward actually 
documenting the organization of this production. The inferences that 
have been drawn have usually been based on characteristics or distribu­
tions of pottery rather than on direct evidence of production organiza­
tion (Cordell and Plog 1979:420; F. Plog 1983, 1984; S. Plog 1980; Rice 
1980; Shepard 1965; Toll 1981). Some of these researchers have confused 
the measurement of specialization with measurements that sometimes 
reflect specialization (such as level of execution and standardization), 
oversimplifying what appears to be an extremely complex situation. 

The best indication that ceramic production took place in a particular 
setting is evidence of vessel construction or firing. Activity areas are 
valuable evidence of production (Sullivan 1988), but production waste 
(tempered clay) and tool fragments (pottery scrapers with distinctive 
edge wear [Waterworth and Blinman 1986)) are also unequivocal evi­
dence (Blinman 1988; Blinman and Wilson 1988a; Hill 1985; Rye 1981; 
Wilson 1988b, 1991). The distinction between reliance on dedicated work 
or firing areas vs. the presence of tools or waste as adequate evidence of 
production is important because dedicated facilities are more likely to be 
associated with greater specialization where large production volume 
warrants greater investment (Arnold 1985; Stark 1985). Both types of 
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evidence are rare. Large collections are necessary for the detection of pro­
duction, as well as for the determination that residents of a particular site 
or structure did not produce pottery (Blinman 1988; Blinman and Wilson 
1992). An inherent difficulty is that evidence may indicate that produc­
tion took place, but the evidence may not be sufficient to determine what 
wares were produced. 

In addition to direct evidence of production, resource selection (clay, 
temper, and paint) can provide circumstantial evidence of production on 
a subregional level. Local unavailability of some materials (such as igne­
ous rock in the beanfield and canyon country of the Northern San Juan 
region) forms the basis of local subtraditions or pottery manufacturing 
tracts (Blinman 1988; Lucius 1981; Wilson 1988b). Tract characteristics 
can be used to argue that sherds originated from a particular portion of 
the region. Systematic associations of tract hallmarks and particular 
wares are circumstantial evidence of regionally differentiated production. 

Temporal Changes in Ceramic Production 

A comprehensive examination of Northern San Juan ceramic production 
is not possible now because of the lack of extensive and comparable data 
both through time and across space. Collections must be large enough 
and made with enough care that evidence of ceramic production could 
be recovered if production had taken place at the site. The collections 
must also be adequately analyzed so that items indicating ceramic pro­
duction are consistently identified (pottery clay, ceramic scrapers, and 
tract affiliation of sherds), and data analysis must be presented in a com­
parable manner. As a result of these constraints, detailed examination of 
ceramic production evidence (and lack of evidence) has been carried out 
for only a few small portions of the region and for only limited spans of 
time (Blinman 1988; Blinman and Wilson 1992; Wilson 1988b). Anecdotal 
data (nonsystematic reports of production evidence) are available from a 
wider range of contexts (e.g., Hill 1985), circumstantial data in the form 
of temper descriptions are available for additional collections (e.g., Bond 
1985; Hurst 1985; Lucius 1982), and some large systematic data sets are 
currently being formed (e.g., Toll and Hannaford 1989; Wilson 1993). The 
production inferences that follow rely on a mix of these uneven data to 
characterize ceramic production during the various occupations of the 
Northern San Juan region. 



Specialization of White Ware Manufacture 71 

Basketmaker III Production (A.D. 575-725) 

Most, but not all, large Basketmaker III collections include at least some 
evidence of pottery manufacture (Blinman 1988; Blinman and Wilson 
1988b, 1992). Households not yielding production evidence are rare, and 
there were probably several pottery producing households to every non­
producing household. The accurate identification of nonproducing 
households is circumstantially supported by the association of higher 
frequencies of nonlocal gray ware sherds with those households. Most of 
the individual instances of pottery production evidence are consistent 
with gray ware manufacture, but that does not preclude production of 
white wares. No significant volume of red ware vessels was produced 
during this period. The lack of distinct pottery-firing features at or near 
these Basketmaker III sites indicates that firing features were simple 
(such as open firings or multipurpose pits). Firing features could have 
been well removed from habitations because of fuel requirements, but 
measurable fuel depletion is first associated with the later and denser 
Pueblo I villages rather than Basketmaker III settlements (Kohler and 
Matthews 1988). 

One instance of production evidence provides support for specialized 
white ware production. This evidence is from a cluster of three sites lo­
cated south of Cortez, Colorado (Mary Errickson, personal communica­
tion 1991). These sites contained an unusually large amount of processed­
clay and hematite grinding stones, polishing stones, and white ware 
vessels with fugitive red exteriors. From 18 to 27 percent of the sherds 
from these sites were white wares, which is extremely high for Basket­
maker III assemblages where frequencies of less than 10 percent are nor­
mal (Blinman 1988:Table 5.2). 

Specialization of Basketmaker III white wares is further indicated by 
several lines of indirect evidence. A narrower range of tempers and clays 
is found in white ware sherds than gray ware sherds (Wilson 1988b, 
1991). At sites along the La Plata Valley and upper San Juan Valley, the 
majority of gray ware sherds contain sand temper and locally available, 
low-quality, silty alluvial clay with high-iron content. These contrast 
with the majority of white ware sherds that are tempered with crushed 
igneous rock and are made of high-quality clays with low-iron content 
(Wilson 1988b, 1991). In areas of the Montezuma Valley where igneous 
rock is not locally available, the majority of gray wares and all tempered, 
unfired clays recovered to date are tempered with local sandstone and 
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have highly variable iron content. The majority of the white ware sherds 
from the same sites are tempered with crushed igneous rock, and the 
clays have consistently low-iron content (Wilson 1988b, 1991). The iron 
content of the clay itself cannot be used as an argument for specialization 
because all white ware potters would have tried to use low-iron clays. 
The temper data, however, are strong indications that most white wares 
were not locally manufactured in these areas. 

Another circumstantial argument is provided by differences between 
frequencies of nonlocal white and gray ware sherds in the producing and 
nonproducing households in the Dolores area (Blinman 1988:Table 5.10). 

Whereas more nonlocal gray wares were present in the nonproducing 
households, nonlocal white wares were similarly distributed across both 
sets of households, with some indication of more nonlocal white wares at 
the producing households. If any of these pottery-producing households 
were making white wares, we would expect more local rather than non­
local white wares in their collections. It appears that even the pottery­
producing households obtained their white wares by exchange. 

All of the evidence indicates that many Basketmaker III households 
produced gray wares, whereas white ware production was more limited, 
probably corresponding to a dispersed household-industry model. 

Pueblo I Production (A.O. 725-900) 

Pottery production underwent several major changes during the Pueblo 
I period, including an improvement in production technology after A.O. 

800 (at least in gray wares) and the large-scale introduction of San Juan 
Red Ware. An increased incidence of pottery scrapers and evidence of in­
terior scraping of gray ware vessels dating after A.O. 800 suggest an im­
provement in forming technology, and increased vitrification indicates 
shifts to higher temperature firing, resulting in increased vessel strength 
(Blinman 1988:70-74). These technical improvements are accompanied 
by a decrease in gray ware production specialization, as inferred from a 
lack of evidence for nonproducing households (Blinman 1988:76--97). 
These changes in technology and specialization coincided with an in­
crease in demand for cooking vessels because of agricultural intensifica­
tion and with the aggregation of much of the population into large vil­
lages. Despite extensive excavation of Pueblo I sites, only a single firing 
feature has been reported that may date to the Pueblo I period, and even 
in this case, the dating is uncertain (Hibbets 1984). 
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Production of San Juan Red Ware began in the mid-eighth century, 
and the ware is present in most Pueblo I collections dating after A.O. 775. 
Clines in red ware abundance in contemporary sites across the region 
point to regionally specialized production that was dominated by potters 
in southeastern Utah (Blinman 1983, 1988; Hurst 1983; Lucius and Breter­
nitz 1981; Lucius and Wilson 1980). Red ware production volume was so 
great that red ware sherds account for more than 8 percent of A.O. 800 
sherd collections in the Dolores Valley, 50 km from the source (Blinman 
1988). From this period of peak production, red ware frequencies decline; 
they account for only about 4 percent of Dolores Valley collections by the 
late ninth century. 

One effect of the regionally specialized red ware production and dis­
tribution was the suppression of white ware production over parts of the 
region (fig. 3.2). Gray ware sherd frequencies can be used as a constant 
for ratio calculations to avoid the constraint of percentages in the com­
parison of red and white ware production trends. The ratio of white to 
gray ware sherds is 0.091 in Dolores Basketmaker III collections (Blinman 
1988:Table 5.1). This ratio declines to 0.050 in collections from the early 
Pueblo I period, when red wares were introduced, and plummets to 
0.035 in collections from the time when red ware production was at its 
height. Collections from this same period show an increase in total deco­
rated sherds from about 8 to 11 percent in the Dolores area. Depression of 
white ware production was most pronounced in the western portion of 
the region and least pronounced in the eastern portion, where white 
wares constitute about 6 percent of A.D. 800 collections and red wares less 
than 1 percent (Ellwood 1980; Wilson 1988a). Some evidence shows that 
red wares were preferred serving vessels at public gatherings (Blinman 
1989). It is likely that their short-term popularity and availability nega­
tively affected white ware production. 

Within this complex context, Pueblo I white ware production appears 
to have been specialized in scattered areas. This specialization is appar­
ent in regional differences in pigment and design of Piedra Black-on­
white. In the eastern region, along the Animas River, glaze and organic 
paints were used to execute designs very similar to those associated with 
Rosa Phase sites to the south and east (Lucius 1982; Wilson 1988a; Wilson 
and Blinman 1993). This glaze-paint tradition began in the Basketmaker 
III period, became stylistically differentiated during the early Pueblo I 
period,' and died out as the Animas Valley was abandoned in the mid­
ninth century. In the central and southern region, mineral-painted white 
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wares continued the ceramic tradition established in the seventh century, 
and white wares became more and more abundant through the ninth 
century. In the western part of the region, a distinctive white ware, with 
organic paint and designs similar to those found in Kana'a Black-on­
white of the Kayenta region, was produced after the mid-ninth century. 
This type has been classified as White Mesa Black-on-white (Bond 1985; 
Hurst et al. 1985; Wilson and Blinman 1991) and was produced through 
the early Pueblo II period. Boundaries for these different white ware pro­
duction areas are fairly abrupt; in contrast to the trends noted for red 
wares, distribution outside their proposed production areas appears to 
have been limited. Unfortunately, although regional differentiation is ev­
ident, we know nothing about white ware specialization at the site or 
household level. 

Pueblo II Production (A.D. 900-1125) 

Relatively little is known with confidence about Pueblo II pottery pro­
duction because of a scarcity of systematic observations, but this was a 
period of significant change in the production of decorated wares. Direct 
evidence of ceramic manufacture is reported for several Northern 
Anasazi Pueblo II sites (Hill 1985; Wilson 1988b, 1991), whereas only one 
extensively excavated site has not yielded evidence of pottery produc­
tion (Wilson 1988b). Several Pueblo II kilns have been excavated on 
Chapin Mesa, Mesa Verde National Park, but they are relatively small 
compared with later kilns (Oppelt 1991). If these observations are repre­
sentative, the level of specialization is low, with many pottery-producing 
households for each nonproducing household. We assume that most 
households produced gray wares, although we have little direct informa­
tion on what wares were produced. 

Direct data on white ware production are too scarce to infer produc­
tion organization or volume. Production change is evident, however, 
from the dramatic rise in the proportion of white ware sherds in total as­
semblages (fig. 3.2). Because white ware vessels of this period were pre­
dominantly serving and storage containers, the change in their breakage 
and replacement rates relative to cooking jars implies a functional shift in 
the roles of pottery within the household (or a change in the dynamics of 
use and breakage). 

Regardless of its cause, this shift resulted in several changes within 
the white wares as a whole. Potters began to fine-tune their selection of 
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Figure 3.2 Changes in the relative frequencies of wares through time in North­
ern San Juan region collections. Data are derived from Dolores Archaeological 
Program collections (Blinman 1988; Wilson and Blinman 1988) and South Canal 
and Hovenweep Lateral collections (Wilson 1988b, 1991). 

resources and firing regimes for white ware production, resulting in a 
higher proportion of well-fired vessels with very white surfaces. The 
contrast between clays used for gray ware and white ware manufacture 
continued to increase (Wilson 1985, 1991). Slipped vessels, rare in the 
Basketmaker III period and consistently present but not plentiful in the 
Pueblo I period, became much more common. Tempers were more finely 
crushed, and sherd temper was more widely used alongside the estab­
lished varieties of igneous and sedimentary rocks. With a few exceptions, 
the regional stylistic variants that could be discerned in the Pueblo I pe­
riod converge; styles became more uniform across the Northern San Juan 
region. This uniformity, however, was accompanied by an increase in the 
diversity of styles in contemporary use (see Toll et al. 1992; this percep­
tion differs from that of Braun and Plog (1982) and S. Plog (1980)). Within 
this mix of stylistic attributes, constellations of clay, temper, slip, and paint 
become more consistent. These features, along with increased evidence 
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for movement of vessels over longer distances, suggest that production 
and distribution became increasingly formalized. 

Some of the increase in white ware production may be attributed 
to unstable red ware production. Red ware production continued as a 
regional specialty in southeastern Utah through A.D. 1100, but it never 
regained the "market share" it had during the mid-Pueblo I period. Be­
ginning about A.D. 1050, the center of red ware manufacture shifted 
southwest into the Kayenta region, and Tsegi Orange Ware replaced San 
Juan Red Ware. Although red wares are abundant in the northern 
Kayenta region, their production declined sharply in the Northern San 
Juan region after A.D. 1075. They are present in only trace amounts in late 
Pueblo II collections. 

Pueblo III Production (A.D. 1125-1300) 

Too few data are available for a discussion of pottery production in 
Pueblo III households, but this period hosts the strongest evidence for a 
significant change in the level of specialized production. By A.D. 1150, 
numerous distinctive firing features appeared in the Northern San Juan 
region. These consist of shallow o.8- to 1.2-m-wide trenches up to 8 m 
long, most of which date from the early to late Pueblo III period (Brown 
and Wilson 1990; Fuller 1984; Helm 1973; Hibbets and Hardin 1982; Pur­
cell 1993). Almost all of the pottery recovered from these features is white 
ware, with a few gray ware sherds and no red ware sherds. Most of these 
features are in isolated locations, and clusters of several features are com­
mon (Brown and Wilson 1990; Fuller 1984). These trench kilns could have 
been used cooperatively by unspecialized household potters, and vessels 
from one kiln did reveal two distinctive paste combinations. A single set­
ting, however, would have been capable of supplying enough vessels for 
many households. These features appear to have been used exclusively 
for firing white wares, suggesting increasingly specialized white ware 
production. Interpretations concerning the exact nature and context of 
this specialization are tenuous because the location of kilns near fuel and 
away from all habitations does not allow us to relate specialized produc­
tion to the social contexts at these settlements. Evidence of pottery pro­
duction is present at most extensively excavated Pueblo III sites. It is 
likely that gray wares continued to be produced at most households, as 
they had been during the preceding periods. 
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Ceramic trends noted for Pueblo III contexts reflect increased and 
more specialized production of white ware vessels. The proportion of 
white wares in some Pueblo III assemblages is very high, and in some 
areas, the number of white ware sherds is actually higher than gray ware 
sherds. This abundance indicates an increased demand for and use of 
white ware vessels during this time. 

Several characteristics also reflect increased technological control of 
white ware production. Pueblo III vessels typically have black organic 
paint over extremely white surfaces, and slipped surfaces are relatively 
common. Pueblo III white ware sherds also consistently exhibit a higher 
degree of polishing and surface finishing than earlier types. Recent ex­
periments indicate that firing conditions necessary to obtain these char­
acteristics require a great deal of control (Swink 1993; Toll et al. 1991), 
accounting for at least the specialized morphology of the trench kilns. 
Painted designs are commonly elaborate, highly organized, and well ex­
ecuted. Increasing ratios of painted to unpainted white ware sherds also 
indicate that a larger proportion of the total vessel surface was decorated. 

In contrast to increased white ware specialization, evidence shows a 
decline in white ware exchange at both local and regional levels during 
the Pueblo III period (Blinman and Wilson 1993; Wilson 1984, 1993; Wil­
son and Blinman 1988). This evidence suggests that despite increased 
specialization, white ware production and distribution were organized 
at a tract or local level rather than a regional level. This areal organization 
may have been so efficient that it resulted in a decrease in the long­
distance movement of pottery vessels. This decrease, however, was not 
absolute. Trace amounts of extraregional red wares were still imported, 
but the source changed from Tsegi Orange Ware of the Kayenta region to 
White Mountain Red Ware from an area farther south. 

Conclusions 

The production of white ware vessels appears to have been a specialized 
craft from its inception in the Northern San Juan region, and its organiza­
tion appears to have been different from, although influenced by, the 
level of specialization of other wares. For the entire Basketmaker 
III-Pueblo III period, white ware production conformed to a household­
industry model, but evidence shows both spatial and temporal variation 
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in white ware specialization. At first, both gray and white ware produc­
tion were specialized, but the degree of white ware specialization was 
greater. As gray wares became less specialized during the Pueblo I 
period, the organization of white ware production remained relatively 
unchanged, although the active red ware industry appears to have sup­
pressed the volume of white ware production in the western portion of 
the region. A resurgence of white ware production occurred during the 
early Pueblo II period, probably driven by a changing role for white ware 
vessels within the household economy. We have no direct evidence for 
changes in production at the household-industry level, but Pueblo II white 
ware technology became increasingly refined in the use of tempers, slips, 
paints, and decorative styles. By the Pueblo III period, formal kiln fea­
tures were used on a large scale, implying that production volume by in­
dividuals or groups of potters necessitated formal facilities. This increase 
in the use of formal facilities, however, may have been partly driven by 
technological innovations in firing regime and paint use. 

Population growth and associated social changes may not have di­
rectly influenced white ware production. Indirect influences are likely, 
however, through the juxtaposition of potters and clays and the interplay 
between settlement locations, the quality of agricultural land, and fuel 
supplies. Factors influencing the initial low level of production special­
ization were the low demand for white ware vessels, the complexity of 
pigment selection and firing regime, and the uneven distribution of low­
iron clays. 
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Temporal Patterns 
Without Temporal Variation 
The Paradox of Hohokam Red Ware Ceramics 

David R. Abbott and Mary-Ellen Walsh-Anduze 

All history teaches us that these questions that we think [are] the 
pressing ones will be transmuted before they are answered, that they will be 
replaced by others, and that the very process of discovery will shatter the 
concepts that we today use to describe our puzzlement (Oppenheimer 
1954:235). 

As so often happens in science, ongoing work leads to an unantici­
pated result, sometimes a paradox, that spawns new research by trans­
muting the way widely accepted facts are understood. In the Hohokam 
culture area, as is true in other parts of the American Southwest, ceramic 
variation is the backbone of chronology building. Since research began in 
the Hohokam area, archaeologists have sought and found patterns in the 
way ceramic assemblages differed from one period to the next. Research­
ers believed that these differences corresponded to temporal variation, 
which, as conceived by Hohokam archaeologists, was the result of pro­
duction changes made by Hohokam potters through time (e.g., Abbott 
1983; Crown 1981, 1983; Haury 1945, 1976; Masse 1982; Schroeder 1952). 

The differences in Classic period red ware, the red-slipped pottery 
that typically makes up 10 to 30 percent of Hohokam ceramics during the 
interval between A.O. 1100 and 1450, have been a basis for dating Classic 
period sites for more than 50 years (Schroeder 1940). Surprisingly, new 
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results indicate that temporal changes in the production of Classic period 
red ware were largely erratic and perhaps less significant than spatial 
differences in ceramic production. Nonetheless, the important temporal 
patterns that have been widely recognized during the last five decades of 
research have been reaffirmed. These results not only alter the under­
standing of red ware variation, but also open up new research opportu­
nities that extend far beyond the purposes of temporal control. 

TheHohokam 

The Hohokam were a remarkable people of a middle-range society who 
continuously inhabited sedentary villages and successfully farmed their 
desert environment for more than a millennium. Occupying the Phoenix 
Basin and adjacent areas of south-central Arizona from about A.D. 1 to 
1450, the Hohokam are perhaps best known for their irrigation works. 
They engineered and operated some of the largest and most impressive 
canal networks of the prehistoric New World. 

In the Phoenix area, many kilometers of ditches transported water 
from the Salt River to fields and habitation areas spread out along the 
canal routes. Archaeologists divide the Phoenix-area network into four 
canal systems, each of which includes a set of canals with a common 
headgate location, and the associated settlements (fig. 4.1). Villages situ­
ated near the terminus or the middle of the canal routes were obviously 
dependent for water on their sister villages positioned closer to the head­
gates. The degree to which this cooperation conditioned other patterns of 
interaction among Hohokam populations is a central issue in Hohokam 
research. However, because direct measurements of interaction (Wilcox 
1987) are lacking, this subject has been one of only intense speculation 
(see Ackerly 1982; Crown 1987; Doyel 1981; Gregory and Nials 1985; 
Nicholas and Feinman 1989; Schroeder 1953). 

Red Ware Variation and Temporal Control 

Since Albert Schroeder's extensive survey and test excavations in the 
lower Salt River valley during the late 1930s, a conventional two-type 
classification of red ware has served to chronologically categorize Classic 
period components in the Phoenix Basin. Before Schroeder's work, all 
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Figure 4.1 Hohokam canal systems of the lower Salt River valley. 

red ware was described within a single type, Gila Red (Gladwin and 
Gladwin 1930). Schroeder, however, noticed important and consistent dif­
ferences in the red ware from various valley locations that corresponded 
to the upper and lower levels of his test excavations. He codified these 
differences by revising the description of Gila Red and creating a new 
type, Salt Red. Furthermore, he designated Gila Red as a temporal diag­
nostic for the first part of the Classic period, the Soho phase (ca. A.D. 

1100-1300), and assigned Salt Red to the following Civano phase (ca. A .D. 

1300-1375). 

Descriptions of Schroeder's two types are based on the presence of 
specific attributes of five traits: temper, surface finish, slip color, fire­
clouds, and fracture, although fracture is generally not considered in 
more recent studies, and firecloud patterns are not readily discernible on 
sherds. Gila Red is described as having micaceous schist temper, polish­
ing striations, a yellow-red slip, and large and unpatterned fireclouds. 
Characteristic examples of Salt Red have sand temper with little or no 
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mica, a lustrous surface without striations, an orange slip, and small and 
patterned fireclouds. 

In retrospect it seems that Schroeder's (1952) model of red ware varia­
tion was greatly influenced by a similar model of Hohokam painted ce­
ramics, the red-on-buff series (Gladwin et al. 1937; Haury 1976). Based on 
a correspondence with absolute dates, it is widely accepted that buff 
ware variation is subsumed under a small number of types that tempo­
rally succeeded one another. Everywhere in the Phoenix Basin, Hoho­
kam archaeologists date their sites and components based on the tempo­
ral succession of the red-on-buff types. 

Schroeder's model is basically similar: one type, Salt Red, replaced 
another type, Gila Red, throughout the Phoenix Basin. There are two 
important, but implicit, assumptions in this scheme: (1) the replacement 
is due to production changes made by Hohokam potters throughout the 
area, and (2) because Hohokam potters were so closely unified in their 
production techniques, a single type can account for most of the red ware 
variation at any one time. As an increasing number of Classic period sites 
have been excavated, the second assumption has been criticized, 
whereas the first has largely gone unchallenged. The effect has been an 
expansion of the red ware typology, with a continued reliance on the at­
tributes of Gila and Salt Red as temporal indicators. 

Analysts have discovered that red-slipped pottery in the Hohokam 
area exhibits a greater amount of variation than can be accounted for by 
the two traditional types (Abbott 1983:8-10; Abbott and Gregory 1988: 
16-18; Cable and Gould 1988:326-327; Crown 1981:112-114; Doyel 1981; 
Doyel and Elson 1985; Pailes 1963:187; Weaver 1977:28). These studies 
have shown that numerous red ware sherds either have characteristics of 
both types, such as the orange slip color of Salt Red combined with the 
striated surface of Gila Red, or exhibit attributes uncommon to both the 
Gila and Salt Red types. Two new red ware types were proposed to cod­
ify much of the previously undocumented variation. Squaw Peak Red 
(Cable and Gould 1988) and Wingfield Red (Abbott and Gregory 1988; 
Doyel and Elson 1985) are defined based on the typical presence of matte 
finishes, thin red slips, and one of two distinctive temper types, Squaw 
Peak Schist and phyllite, respectively. The temper type, color, and poor 
surface finishes do not fit the characteristics of Gila and Salt Red. 

Apart from the two new types, revisions of the red ware typology for 
the purpose of temporal control remained focused on the sand and mica­
ceous schist-tempered pottery that traditionally is classified as Salt and 



92 Abbott and Walsh-Anduze 

Gila Red, respectively. At one site after another, the apparent transition, 
as first described by Schroeder (1940), was definitely evident. In stratified 
or in otherwise dated deposits, pottery that exhibited the traits of Salt 
Red generally postdated ceramics with the Gila Red characteristics. How­
ever, high proportions of the sherds fell in between the two types, and 
two schemes were put forth to explain this variation. Just as important, 
both were simple revisions of Schroeder's original model, implying pro­
duction changes over time to account for the variation in these ceramics. 

In the first scheme, Abbott (1983:81-83) focused on the many sherds 
that exhibited traits of both red ware types and their place in the chrono­
logical sequence. More than 5,500 red ware sherds from nine sites were 
examined to determine whether there was a significant relationship be­
tween temper type and the type of surface finish as stipulated in Schroe­
der's typological model. Abbott found that micaceous schist-tempered 
sherds with striated surfaces proportionally decreased, whereas those 
with sand temper and those with lustrous surfaces proportionally in­
creased through time. These proportional changes are similar to the 
typological changes described by Schroeder. Contrary to Schroeder's 
typology, however, Abbott determined that in each time interval, numer­
ous pieces of pottery exhibited attributes of both the Salt and Gila Red 
types. Abbott argued for recollapsing the two types into a single type, 
while recognizing that proportions of some attributes changed indepen­
dently and incrementally through time. 

The second scheme codified the red ware variation into three tempo­
rally sequential types. The third type includes those sherds that exhibit 
traits of both Gila and Salt Red and is assumed to be temporally transi­
tional between the other two types (Cable and Gould 1988:326-331; 
Cable and Mitchell 1989:801-807; Doyel 1974:140-141). 

In both of the revisionists' models, as in Schroeder's original model, 
the explanation for the ceramic variation and its significance for chrono­
logical control is uniform and monotonic production changes made by 
red ware potters throughout the Phoenix Basin. The underlying assump­
tion is that the potters were unified to the degree that they operated with 
the same set of ideas, techniques, and materials to produce similar pot­
tery. Moreover, when changes occurred, they swept through the valley, 
causing similar lineal shifts in the proportions of red ware attributes at 
all manufacturing locations. New evidence now indicates that this as­
sumption and principle are false. Red ware potters were not unified. Pro­
duction changes, when they occurred, were not uniform. However, the 
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temporally significant replacement of one kind of pottery by another 
probably did occur. This apparent paradox is the finding from a regional 
ceramics study associated with the recent excavations at Pueblo Grande. 

Temporal Trends at Pueblo Grande 

Pueblo Grande was probably the largest Hohokam village in the Phoenix 
area. It was centrally located in the lower Salt River valley at the 
headgates of Canal System 2 (fig. 4.1) and, undoubtedly, was influential 
in the regional settlement system during the Classic period. 

Approximately 20 percent of the aboriginal village's area was slated 
for highway construction by the Arizona Department of Transportation, 
and a nearly complete excavation of this project area was completed by 
Soil Systems, Inc. The Hohokam occupation in the excavation area dated 
largely to the Classic period, which for the purposes of this paper is di­
vided into four temporal units. Two units correspond to the later phase 
subdivisions of the Classic period-Civano and Polvor6n. The other two, 
early Soho and late Soho, precede the later units and correspond to sub­
divisions of the Soho phase. The ceramics are grouped into four corre­
sponding temporal sets on the basis of relative and absolute dating. The 
chronological analysis is described completely in the project's final re­
port (Abbott et al. 1995).1 

The temporal sets are characterized by substantial amounts of red 
ware variation. Sherds and intact vessels that can be classified as Wing­
field Red, Squaw Peak Red, Gila Red, and Salt Red are present, as well as 
numerous pieces that could best be described as combining traits of two 
or more types. A comparison of attribute proportions among temporal 
sets showed the same temporal trend as was so often seen before in the 
Phoenix area. The characteristics associated with Salt Red-sand temper, 
an orange slip, and a lustrous surface finish-proportionally increased 
from one temporal unit to the next at Pueblo Grande (fig. 4.2). In addi­
tion, the identification of sherd temper in Classic period red ware (Lane 
1989; Stein 1979) prompted the inclusion of this variable in the analysis; 
it, too, appears to be temporally related (fig. 4.3). Surprisingly, however, 
the results from a regional-scale analysis of the pottery demonstrate that 
the temporal trends, like those previously noted and assumed to have 
been the result of production changes over time, are, in fact, due to pro­
duction differences across space. 
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Figure 4.2 Red ware attributes by time at Pueblo Grande. 

The Regional Ceramics Study 

Not since Albert Schroeder's extensive survey in the late 1930s has ace­
ramic study been undertaken in the lower Salt River valley to match the 
regional-scale analysis that was performed in conjunction with the Pueblo 
Grande excavations. Appropriate to its scale is its emphasis-to distin­
guish distinct ceramic production zones in the Phoenix Basin. The diver­
sity and geographic configuration of the bedrock and erosional sedi­
ments in the basin are ideal for ceramic sourcing. Nine spatially separated 
zones containing mutually distinguishable rock types and sands have 
been identified (fig. 4.4; Abbott and Schaller 1990, 1991; Abbott et al. 
1991; Schaller and Abbott 1990). 

Petrographic analysis of nearly 500 sherds from 27 sites demonstrates 
that 6 of these rock types were commonly procured by potters for temper 
(Schaller 1994). Subsequent work shows that these rock types are distin­
guishable in potsherds under a binocular microscope. In addition, analy-
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ses of the clay fraction in sherds, through both electron microprobe 

assays (Freestone 1982) and inductively coupled plasma emission (ICP) 

spectroscopy (Burton and Simon 1993), have shown a close association 

between the clay and temper types (Abbott 1994; Abbott and Schaller 

1990, 1991; Abbott et al. 1991; Schaller and Abbott 1990). The association 
indicates that Hohokam potters relied heavily on the materials that were 

closest at hand. Potters used temper sources that ranged from being im­

mediately available to as much as 10 km away from their villages. Nev­

ertheless, their tendency to exploit the closest source makes temper an 

excellent indicator of production area. Six analytic zones of production 

have been identified, each corresponding to one of the sand types and to 

a different part of the Phoenix Basin. 
The analysis has shown that red-slipped pottery containing phyllite 

(Wingfield Red) was largely produced at the western end of Canal Sys­

tem 2, red ware tempered with Squaw Peak Schist (Squaw Peak Red) 

was manufactured in the central part of Canal System 2, and, most im­

portantly, micaceous schist-tempered red ware (Gila Red) was produced 

along the Gila River to the south (see fig. 4.4). In addition, the "sand" 

temper typically associated with Salt Red can be subdivided into four 

categories: (1) Camelback Granite, which is derived from the vicinity of 

Pueblo Grande, (2) Estrella Gneiss, which crops out on the western half 

of South Mountain, (3) South Mountain Granodiorite, which dominates 

the eastern half of South Mountain, and (4) an unidentified category 

whose origin(s) is (are) unknown. The unidentified category is a catch-all 

that probably contains several sand types, including materials from out­

side the study area, as well as many sherds that contained rock frag­

ments that were too small and too few to be identified with only a binoc-
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Figure 4.3 Sherd temper in red ware by time at Pueblo Grande. 
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ular microscope. Finally, in addition to the principal temper types, the 
analysts identified a subtype that is a mix of unidentified arkosic sand 
(the feldspar-rich sand derived from granite) and minor amounts of 
Squaw Peak Schist. Such a mix has formed at the boundary between the 
Squaw Peak Schist and Camelback Granite sand-composition zones (fig. 
4.4). Pottery containing the mixed sand was probably produced near that 
boundary area and perhaps at Pueblo Grande, along with Camelback 
Granite-tempered red ware. 

The production source, based on temper type, was identified for more 
than 3,300 red ware sherds from 74 structures and 2 stratified trash pits at 
Pueblo Grande. With these data, the changes in red ware characteristics 
over time were examined further. We documented the differences in pro-
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duction of the red ware varieties by examining the pottery that was im­
ported to Pueblo Grande during each of the Classic period intervals. 
Mostly erratic, and thus probably insignificant, production changes over 
time were found. 

Before proceeding with that discussion, we believe it is important to 
assess the effect that vessel form had on the results. Because bowls, jars, 
and scoops might vary in slip color, temper, and surface finish, varying 
proportions of different vessel forms could potentially explain the sys­
tematic changes in the other variables. The proportion of red ware bowls, 
jars, and scoops, as determined from rim sherds, however, shows little 
change over time (fig. 4.5). Further, gross measures of vessel size, ob­
tained by measuring the orifice diameter of bowl and jar rim sherds, 
change significantly over time, but not in a systematic or linear fashion 
(figs. 4.6 and 4.7). 2 

It is also important to consider the vessel forms by each temper cate­
gory. Although the number of rim sherds in each category is typically 
small, and thus some uncertainty exists, vessel size does not seem to 
change significantly over time within each temper category (table 4.1). 

Therefore, the temporal trends noted below for each category probably 
reflect actual production changes, rather than shifts in the kinds of vessel 
forms that reached Pueblo Grande from each production area. 

The strongest trend regards the presence of crushed sherd temper in 
the clay body (fig. 4.8), which was added in most instances with other 
temper. The analysts noted monotonic increases in sherd temper in half 
of the red ware varieties and a general increase in all varieties from the 
earliest to the latest ceramics. This is the kind of temporal variation that 
one would expect for temper type, slip color, and surface finish if uniform 
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Figure 4.6 Red ware bowl orifice diameters by time at Pueblo Grande. 



14 

12 

10 

16 

14 

12 

10 

16 

14 

12 

10 

14 

12 

IO 

cm 

12 16 2024 283236 4044 

EARLY SOHO 
(N:8) 

(N=II) 

CIVANO 

(N::43) 

POLVORON 
(N,.31) 

• ~ ~ w ~ u n ~ ~ « 
cm 

"' " ... 

Figure 4.7 Red ware jar orifice diameters by time at Pueblo Grande. 



100 Abbott and Walsh-Anduze 

Table4.1 Hohokam Red Ware Orifice Diameters 

Bowls Jars 

Temper Tune Median Range N Median Range 

Phyllite Early Soho 27 6 2 30 
Late Soho 28 1 
Civano 26 1 
Polvor6n 34 1 32 

Squaw Peak Early Soho 16 1 16 
Schist Late Soho 

Civano 22 12 2 24 
Polvor6n 28 1 

Camelback Early Soho 24 1 
Granite Late Soho 18 1 24 

Civano 34 1 20 0 
Polvor6n 30 12 3 19 16 

Micaceous Early Soho 44 32 7 28 
schist Late Soho 44 1 22 

Civano 31 34 10 34 
Polvor6n 36 1 

changes in production were the explanation for the temporal patterns 
previously noted. In fact, the opposite is true. 

We will first consider the mix of red ware varieties at Pueblo Grande. 
Always dominating the assemblages are the locally made pottery 
(Camelback Granite and unidentified arkosic sand with Squaw Peak 
Schist), the variety from the South Mountain Granodiorite zone, and 
sherds with unidentified temper (table 4.2). Micaceous schist temper, as 
found in Gila Red, was also common in the earliest pottery, but its pres­
ence continuously declined to almost trace amounts by the end of the 
Hohokam occupation. The locally produced pottery was a relative con­
stant over time, whereas South Mountain Granodiorite increased 

N 

1 

1 

1 

1 

1 
2 
4 

1 
1 
1 



Temporal Patterns Without Temporal Variation 101 

Table 4.1 Continued 

Bowls Jars 

Temper Time Median Range N Median Range 

Estrella Early Soho 

Gneiss Late Soho 46 26 3 20 
Civano 24 38 13 24 
Polvor6n 24 14 3 

South Early Soho 26 38 19 10 6 
Mountain Late Soho 24 32 7 13 16 
Granodiorite Civano 28 38 76 20 30 

Polvor6n 24 40 48 16 26 

Arkosic sand Early Soho 32 32 9 24 
with Squaw Late Soho 28 6 3 20 0 
Peak Schist Civano 36 36 16 16 12 

Polvor6n 39 34 6 18 20 

Unidentified Early Soho 50 18 3 18 

Late Soho 39 14 4 19 18 
Civano 30 38 37 16 6 
Polvor6n 26 34 33 20 24 

slightly, and the red ware with unidentified temper increased steadily 
during the occupation. 

The petrographic and clay chemistry results demonstrated that mica­
ceous schist-tempered red ware was produced along the Gila River and 
not in the lower Salt River valley (Abbott 1994). Therefore, its decline in 
relative frequency at Pueblo Grande must be explained by changes in ex­
change patterns not production. The only wild card in this regard is the 
unidentified temper category, which possibly could have been a substi­
tute for micaceous schist temper in the Gila River production area. This is 
a subject requiring further study, but for reasons discussed below this 
seems unlikely. 

N 

1 
1 

3 
4 

22 
13 

1 
2 
7 
3 

1 
2 
9 

10 
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Figure 4.8 Sherd temper by time and temper type. 
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Temporal changes in slip color are mostly erratic (fig. 4.9). Sample size 
undoubtedly plays a part, but clearly these data cannot explain the tem­
poral pattern at Pueblo Grande (fig. 4.2). The temporal pattern is ex­
plained by the relatively more frequent orange slips among the sherds in 
the South Mountain Granodiorite and unidentified categories (fig. 4.9) 
and the increase of these categories through time (table 4.2). The pattern, 
therefore, is probably not a result of production changes over time at 
Pueblo Grande; instead, increasing numbers of orange-slipped pots were 
probably brought to the site from elsewhere. The unidentified-temper 
sherds are an unknown factor in this equation because they could have 
been made at Pueblo Grande. They also contribute to the explanation of 
the surface-finish pattern. 

The production changes noted for surface finish are mostly erratic, al­
though a strong monotonic increase is apparent in the pottery from the 
South Mountain Granodiorite zone (fig. 4.10). The increase in lustrous 
surfaces at Pueblo Grande through time (fig. 4.2) can partly be explained 
by the production changes in this one manufacturing zone. Two other 
factors are equally important: (1) the increase in sherds in the unidenti­
fied category; a higher percentage of these pieces have lustrous surfaces 
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than do most other varieties; and (2) the increase in the relative frequency 
of sherds tempered with South Mountain Granodiorite. 

The data indicate temporal patterns at Pueblo Grande that are not the 
result of uniform production changes across the region; rather, these pat­
terns are associated with production changes at specific areas and espe­
cially with changing exchange relationships. The origin(s) of the uniden­
tified category is (are) unknown, but these ceramics generally resemble 
those from the South Mountain Granodiorite zone. If they are variants 
from that production area, then the temporal patterns at Pueblo Grande 
can be largely explained by exchange. 

Implications for Hohokam Organization and Temporal Control 

The Pueblo Grande results cast a new light on the regional data reported 
by Schroeder (1940) more than 50 years ago. According to Schroeder's 
survey of more than 100 sites, most of which were in the greater Phoenix 
area, Salt Red largely replaced Gila Red ceramics during the Classic pe­
riod. Until now, this widespread pattern has been viewed as a uniform 
shift in production across the region. We interpret this pattern differently. 

Table 4.2 Percentage of Temper-Type Classes by Time 

Temper Early Soho Late Soho Civano Polvor6n 

Phyllite 6.4 3.1 1.9 1.5 

Squaw Peak Schist 3.5 1.7 1.5 1.6 

Camelback Granite 8.7 6.8 3.2 6.2 

Micaceous schist 17.9 7.1 4.6 2.8 

Estrella Gneiss 2.6 9.9 7.0 3.0 

South Mountain 33.7 40.1 41.5 39.5 

Granodiorite 

Arkosic sand with 15.1 10.2 10.7 11.2 

Squaw Peak Schist 

Unidentified 12.2 21.1 29.7 34.3 

Total N 312 294 1,417 1,262 
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During the early Classic period, substantial proportions of the red ware 
pots tempered with micaceous schist were imported to Phoenix-area vil­
lages from the Gila River area to the south. Later, most of the red ware 
may have been derived from an area on the eastern flanks of South 
Mountain. Our interpretation is based on the assumption that the pottery 
from various sites that Schroeder typed as Gila Red or Salt Red 50 years 
ago was largely produced in the Gila River valley or the South Mountain 
area, respectively. To test this assumption, we reexamined Schroeder's 
collections, which are curated at Pueblo Grande Museum. 

The distribution of red ware sherds in trash mounds at three sites (fig. 
4.1)-Villa Buena, AZ. u:9:33(PGM), and AZ u:10:7(PGM)-was particularly 
important to Schroeder (1940:113-117) for revealing the temporal pattern 
he described. Unfortunately, only a few dozen sherds were saved from 
these sites; none are currently labeled as to type. The reexamination 
showed that the few sherds that fit the Gila Red type contained mica­
ceous schist, and the sherds that best fit the Salt Red description con­
tained South Mountain Granodiorite temper. There were also numerous 
red ware sherds that had some but not all of the traits that define Salt 
Red. Almost exclusively, these sherds contained temper that was uniden­
tifiable but seemed distinct from the temper in the unidentified class 
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micoceous schist Estrello Gneiss South Mountain Gronodiorite 
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Figure 4.9 Slip color by time and temper type. 
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from Pueblo Grande. Gauging from Schroeder's data tables (1940:114-

116), we determined that most of the red ware sherds that were reexam­
ined were probably typed as Salt Red. Not all of Schroeder's Salt Red, 
however, can be assumed to be from the South Mountain source. Never­
theless, red ware sherds containing South Mountain Granodiorite did 
compose a sizable portion of the Salt Red assemblages as probably typed 
by Schroeder, at least in the few sherds that were saved. The temporally 
increasing frequency of red-slipped pottery from the South Mountain 
area, as observed at Pueblo Grande, does seem to reflect a broad, regional 
exchange pattern throughout the lower Salt River valley. This inference, 
if correct, has important ramifications for the understanding of the social 
and economic lives of the Classic period Hohokam. 

The results of the ceramics study indicate the large degree to which 
most Hohokam villages in the lower Salt River valley relied on other set­
tlements for their red ware pottery. Red ware at Pueblo Grande during 
the Classic period was roughly 14 percent of the total ceramics, and their 
procurement represents a considerable investment in external produc­
tion sources. Perhaps thousands of pots were imported to Classic period 
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sites of the Phoenix area. Not only does the frequency of exchange indi­
cate that Hohokam settlements were much less self-reliant for pottery 
production than has been long assumed (see Plog 1989:129-131), but also 
the directionality of the exchange demonstrates an obvious dependence 
by Salt River valley villages on producers in other canal systems. The 
Phoenix Basin populations were closely linked in ways that were inde­
pendent of the cooperation required for hydraulic management, at least 
for the supply of pottery. Moreover, a temporal shift occurred in the scale 
of those dependencies. During the early Classic period, the Gila River 
producers were important suppliers of red ware for the Salt River com­
munities. By the late Classic period, however, most of the red ware was 
being imported over shorter distances from the South Mountain area. 

The results also raise the question of the organizational significance of 
the economic and social interaction that the exchanges represent. Impor­
tant in this regard are the social contexts in which red ware pots were 
preferred. Red ware vessels are typically 5 to 10 times more numerous in 
burial contexts than in trash contexts (Abbott 1983, 1985) and have been 
found in abundance in at least one ceremonial precinct surrounding a 
platform mound (Abbott 1988). These statistics are especially true for the 
thick-slipped and burnished red ware now known to be from the South 
Mountain and Gila River production areas. Their preference, coupled 
with their higher production costs as compared with those for unslipped 
utilitarian and other red ware varieties, suggests that they were often dis­
tributed in formal social settings characterized by socially distant parties 
whose concerns were economic as well as social (Bohannon 195y60; Sah­
lins 1972:193-196; see also Abbott 1983:109-117, 1985). The interaction 
between the Salt River communities and their red ware suppliers to the 
south may have been formalized rather than socially close. 

If red ware from the Gila River and South Mountain areas was largely 
distributed as an economic commodity, then an interesting question 
arises regarding the mode of its production. According to some defini­
tions of specialization (e.g., production above the needs of the house­
hold), red ware production for exchange may imply specialization. Spe­
cialization is a cultural trait often associated with political complexity 
(Peebles and Kus 1977:432; Rice 1981, 1987:188), although various kinds 
of specialized production are not associated with social hierarchies 
(Costin 1991). To explore this issue, we are analyzing the production 
standardization of particular vessel forms. A demonstration of red ware 
specialization and more complete information about the dispersement of 
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the specialist-produced pottery would add new fuel to an already heated 
debate over Hohokam political organization (e.g., Doyel 1980; Gregory 
and Nials 1985; Haury 1976; Wilcox 1991; Wilcox and Sternberg 1983; 
Wood and McAllister 1980). For instance, some authors argue that the 
Classic period platform mounds became the residences of elites during 
the Civano phase (Doyel 1981; Gregory 1987; Gregory and Nials 1985; 
Wilcox 1987, 1991). A demonstrated abundance at the platform mounds 
of high-quality red ware pots produced by specialists might support the 
idea that socially elevated persons enjoyed greater access to status­
related goods than did other people living outside the mound precincts. 

Finally, we consider temporal control. The change from red ware with 
micaceous schist temper, a yellow-red slip, and a striated surface to red 
ware with "sand" temper, an orange slip, and a lustrous finish is an un­
deniable temporal pattern at many Phoenix-area sites. The pattern's sig­
nificance for temporal control is undiminished by the results reported 
here, but for the sake of its utility, some fine tuning is in order. Two im­
portant implications stem from the cause of the pattern, which was not a 
production shift over an entire region but a shift in the way populations 
in that region interacted with one another. First, one should expect that 
the temporal differences were of a quantitative and not a qualitative na­
ture. For instance, the mix of red ware during the late Classic period 
should include large proportions from the South Mountain area, but 
probably not to the extent that other varieties are completely excluded. 
Second, exchange patterns probably account for the temporal pattern; 
thus, the temporal differences are probably only present in the areas out­
side the South Mountain and Gila River supply zones. Doyel (1981:34) 
already noted the lack of change in one area near the Gila River. Stone 
(1991:2), who analyzed an early Classic period cemetery in the South 
Mountain area, found that the assemblage was dominated by sand-tem­
pered red ware that fit the description of Salt Red. As these examples im­
ply, because the chronologically significant pattern is probably due to the 
changing supply of red ware pottery through time, the pattern as a tem­
poral indicator is most useful in areas beyond the supply zones. 

Conclusions 

Albert Schroeder's pioneering research in the late 1930s identified a 
broad-scale pattern of red ware variation. It has since proved useful for 
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chronological purposes in nearly all of the research projects that involved 
Classic period sites in the Phoenix area. Fifty years later, the utility of 
Schroeder's findings remains both important and undiminished. At the 
same time, the underlying assumption explaining the pattern-uniform 
production across the region changed monotonically over time-seems 
to be incorrect. If this is true, then the regional pattern requires a new ex­
planation, which we believe involves widespread patterns of interaction 
and exchange. 

In offering this hypothesis, we try to open up new and, we hope, fruit­
ful lines of inquiry. The circulation of plain ware, as well as red ware pot­
tery, within the Phoenix Basin can now be traced over relatively short 
distances, including both within and between canal systems. Document­
ing these exchanges offers a new way to measure interaction between Ho­
hokam populations directly. Organizational questions, which can largely 
be reduced to how interaction takes place and between whom, are now 
more approachable. In this regard, the study of Hohokam pottery will 
lead to a new and more precise understanding of Hohokam society and 
its development through time. 
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Notes 

1. The Pueblo Grande analysis is ongoing. The results presented here are 
expected to change, although not substantially. 

2. The curves have been "corrected" or smoothed with the running average 
method to compensate for the difficulty of accurately measuring rim sherds. 
Orifice diameters are measured to the closest 2 cm and are probably accurate to 
±2 cm of the encoded value. The running average method averages the per­
centage in each category with the percentages in the next smallest and next 
largest class. The plots are composed of these averaged values. 
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The Role of Population Movement 
and Technology Transfer in the Manufacture 
of Prehistoric Southwestern Ceramics 

Marfa Nieves Zedefio 

Differential distributions of prehistoric ceramics over broad 
areas of the American Southwest are often interpreted as the result of ex­
change networks of varied magnitude and complexity. Much effort has 
been devoted to the reconstruction of the ceramic distribution systems 
and their economic, social, and political implications (Bishop et al. 1988; 
Blinman and Wilson 1988; Braun and Plog 1982; Deutchman 1980; Dou­
glass 1991; F. Plog 1983; S. Plog 1980; Toll 1985; Upham et al. 1981; 
Zedei\.o et al. 1993). However, current evidence of population movement 
throughout Southwestern prehistory (Crown 1994; Lindsay 1987; Powell 
1983; Preucel 1990; Reid 1989; Wilson 1988) strongly suggests that varia­
tion in the ceramic record was the result of not only the circulation of pot­
tery, but also the movement of people bearing knowledge on distinctive 
pottery technologies. This chapter reviews recent data on ceramic manu­
facture and circulation during the late Pueblo III period occupation of the 
Grasshopper region in east-central Arizona (fig. 5.1) to illustrate how 
population movement had a major role in the generation of highly varied 
assemblages. 

The late Pueblo III period settlements in the mountains of east-central 
Arizona were occupied during a critical time in Southwestern prehistory. 
During the last decades of the thirteenth century, changes occurred in 
subsistence strategies, demographic shifts, and social reorganization in 
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broad areas of the northern Southwest that culminated in the aggrega­
tion of ethnically diverse peoples in large pueblos (Reid 1989). The 
unique character of the late Pueblo III period in the Grasshopper region 
is highlighted by episodes of sudden change that resulted largely from 
the migration of people from the north. 

Population movement left subtle ceramic evidence that can be recog­
nized only because exceptional conditions of archaeological recovery 
and analysis are available. First and most important, there is excellent 
control of temporal and contextual associations of vessel assemblages 
from three excavated sites (Chodistaas, Grasshopper Spring, and AZ 

P:14:197) which date to the late 1200s (Crown 1981; Montgomery and 
Reid 1990). Second, the distinction between local and nonlocal vessels 
from these sites-particularly Chodistaas-has been established (Zedefio 
1991, 1992, 1994). Third, formation processes have been incorporated into 
the archaeological analysis and interpretation of occupations at exca-
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vated sites (Montgomery 1992, 1993). Fourth, information has recently 
been collected on the broad regional distributions of decorated and un­
decorated ceramics for the late Pueblo III period (Reid et al. 1995). Last, 
the large whole-vessel assemblage from the later Grasshopper Ruin 
(Ciolek-Torello 1985; Mayro et al. 1976; Triadan 1994; Whittlesey 1974) 
provides comparative data for evaluating changes in the manufacture 
and circulation of ceramics in the region. Given these conditions, it is 
possible to examine closely the relationships between archaeological ce­
ramic variation, the dynamics of population movement-mobility, mi­
gration, aggregation, and ethnic coresidence--and the mechanisms of 
technology transfer. 

The late Pueblo III period ceramic assemblages and surface collections 
from sites in the Grasshopper and adjacent regions generally include Ci­
bola White Ware, Roosevelt Red Ware, White Mountain Red Ware, red 
plain ware, and several painted, slipped, and unpainted corrugated 
wares.1 The presence of such variation in small sites that were relatively 
distant from large villages raises questions about where these pots were 
manufactured and how they were circulated into and across the moun­
tains. Examination of the probable behaviors involved in ceramic manu­
facture and circulation in light of what is currently known about settle­
ment systems and subsistence strategies may answer some of these 
questions. 

Residential Mobility 

Reconstructions of late Pueblo III period settlement and subsistence in 
Grasshopper and adjacent regions (Graves et al. 1982; Reid et al. 1995; 
Tuggle 1970; Tuggle et al. 1984; Welch 1991; Whittlesey and Reid 1982) 
suggest that residential mobility was a common adaptive strategy of 
small communities that practiced cultivation as well as hunting and 
gathering in mountain environments. The mountain settlement systems 
were commonly characterized by small hamlets of two to five rooms, 
which were loosely clustered around plaza-oriented focal communities 
of no more than 20 low-walled surface rooms that served a small, dis­
persed population. In this context, residential mobility may not have been 
a patterned or strictly seasonal activity, but rather an opportunistic strat­
egy that allowed mountain settlers to survive times of scarcity. The dura­
tion of occupation of a small settlement likely varied within a continuum 
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from seasonality to short-term sedentism, being dependent upon imme­
diate resource availability. 

The late Pueblo III settlement pattern in the Grasshopper region con­
sisted of two or perhaps three settlement clusters; Longacre (1975, 1976) 
and Reid (1973, 1989) have estimated that only 200 rooms were built in 
the region during this period. In the years of the Great Drought (A.D. 

1276-1299), however, population increased rather suddenly as a result of 
immigration from the north and higher residential stability. During the 
last decade of the thirteenth century, settlements became increasingly de­
pendent upon the cultivation of corn and beans with dry farming tech­
niques, although hunting and gathering remained a prominent compo­
nent of the subsistence economy (Tuggle et al. 1984; Welch 1991). At the 
same time, stronger emphasis on cultivation and increased population 
probably restricted access to wild resources; in fact, toward the turn of 
the fourteenth century settlements clustered near agricultural land. 

Small settlements such as Chodistaas, Grasshopper Spring, and Site 
197 were abandoned by A.D. 1300, when the local population as well as 
immigrant groups aggregated in large masonry pueblos. Simulations of 
population growth (Longacre 1975, 1976) and architectural growth (Reid 
1973) indicate a dramatic, tenfold increase in population density in the 
Grasshopper region; 2,000 rooms were built during the Pueblo IV period. 
This growth can only be explained by the movement of people into the 
region. Several lines of evidence for the multiethnic character of the 
Grasshopper Pueblo settlers have been presented by Crown-Robertson 
(1978), Ezzo (1991), Reid and Whittlesey (1982), and Whittlesey (1978), 
among others. Mountain communities tended to be occupied for rela­
tively short periods of time, as indicated by the population dispersion 
and further abandonment of the Grasshopper and neighboring regions 
by A.D. 1400. 

I suggest that residential mobility of the mountain communities of the 
late Pueblo III period affected manufacture and circulation of ceramics in 
two ways. First, it fostered the development of localized ceramic tradi­
tions; technological criteria were shared mainly by potters who main­
tained direct interaction on a regular basis. Second, it facilitated the cir­
culation of ceramic vessels over long distances. A drastic change in this 
pattern of manufacture and circulation of ceramics in the Grasshopper 
region was brought about by the migration of people into the mountains 
at the end of the thirteenth c~ntury. In support of this argument, I pre­
sent data on the technological and compositional variation in the whole-
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vessel assemblage from Chodistaas, where at least one-third of the pots 
were not manufactured locally. 

Local Ceramic Manufacture 

Local manufacture of ceramics may be conceptualized at two inclusive 
levels: settlement and region. In the strictest sense, local manufacture 
refers to the production of pottery within a given settlement. In a broader 
sense, regional manufacture implies ceramic production by several com­
munities among which common resources were exploited, by-products 
circulated, and technological knowledge shared. In other words, ceram­
ics may be considered local if one can reasonably demonstrate that they 
were manufactured within a given region. 

In this analysis I use regional manufacture as a working concept for 
the following reasons. First, Chodistaas, Grasshopper Spring, and Site 
197 lack direct evidence of on-site ceramic manufacture, namely "artifacts 
associated with ceramic manufacture found clustered around pottery­
making and pottery-firing facilities" (Sullivan 1988:24). Although the re­
covery of raw materials and tools also provides good evidence for on-site 
manufacture (Triadan 1989), only a few tools of ambiguous function and 
very small amounts of pigments and clays were found at Chodistaas 
(Crown 1981:49) and Grasshopper Spring. Nevertheless, it is entirely 
possible-if not demonstrable-that both Chodistaas and Grasshopper 
potters made and fired their ceramics somewhere near the pueblos or 
even at the location of their preferred clay sources. Second, the ceramic 
assemblages of these sites present a similar range of variability in deco­
rated and undecorated wares, suggesting that the communities in the re­
gion may have shared resource procurement zones and technological 
knowledge, and that they obtained ceramics from a common source(s). 
Third, late Pueblo III period sites in the region are located within a rela­
tively homogeneous geologic setting mainly formed of sandstone and 
limestone deposits (Moore 1968), a situation that decreases the likelihood 
of successfully identifying ceramics made at each site (Bishop et al. 1982). 

In the absence of direct artifact evidence for on-site ceramic manufac­
ture, one must rely on the information carried on technological, composi­
tional, and stylistic attributes of the assemblages under study. In this 
analysis, ceramic technology pertains to the knowledge about materials 
and the practices to manipulate them that potters used to manufacture 
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vessels with specific physical properties and aesthetic effects (after De 
Atley 1991), whereas composition includes mineralogical and chemical 
properties of the ceramic fabric. By design styles of ceramic vessels, I re­
fer strictly to painted patterns that were repeated in time, space, or both. 

How did residential mobility affect the transfer of information on ce­
ramic manufacture? What were the mechanisms for the transfer of stylis­
tic and technological information? In the American Southwest, where 
decorated perishable items such as baskets and textiles are occasionally 
preserved in the archaeological record, one may observe that designs can 
be carried out on any medium suited to decoration and that any particu­
lar design may be transferred to pottery by inspection (Reid 1984:145). In 
contrast to design information, technological information is transferred 
within a "teaching framework" (sensu Schiffer and Skibo 1987:597). The 
adoption of a "new" ceramic technology, even by experienced crafts­
people, generally entails the acquisition of an idea, the development of 
manipulative practice, the formation of motor habits, and most impor­
tantly, the existence of a receptive social and cultural setting (Arnold 
1981; Kroeber 1963; Lechtman 1977; Schiffer and Skibo 1987; Wright 
1984). Technology transfer, therefore, is often the product of face-to-face 
interaction among potters who produce ceramic vessels under a com­
mon mental template or shared technological knowledge (Rice 1980), 
whereas design is not necessarily transferred the same way. 

Circulation of pots and other decorated items across geographical, 
social, and ethnic boundaries facilitated the spread of design styles that 
were readily copied or incorporated into local stylistic repertoires. Con­
versely, mobility of small communities may have restricted the transfer 
of technological knowledge to those potters who were able to interact 
regularly. The sharing of information on ceramic technology was proba­
bly limited to closely related communities, both geographically and 
socially. The prevalence of this pattern of technology transfer likely had a 
major bearing on the development of localized technological traditions, 
such as those seen in the mountains of east-central Arizona (Reid et al. 
1995). It seems likely that the transfer of knowledge on pottery manufac­
ture was also shaped by intermarriage (Graves 1981; Herbich 1987), the 
migration of individuals or single households (Wilson 1988), and other 
economic, social, and ceremonial activities involving different communi­
ties. These activities may have fostered both information transfer and 
material transactions. 

The ceramic evidence from Chodistaas and contemporaneous sites in 
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Table 5.1 Corrugated Wares: Distribution of Temper Types Across 
Compositional Groups (ICPS) on a Sample from Chodistaas 

Ware Type Temper Type 1 Temper Type 2 Total 

GROUP 1 

Brown corrugated 

Gray corrugated 

Salado Red Corrugated 

GROUP 2 

Gray corrugated 

Painted corrugated 

Total 

10 

1 

3 

0 

2 

16 

0 

0 

0 

9 

3 

12 

10 

1 

3 

9 

5 

28 

the Grasshopper region indicates that local potters maintained a very 

consistent set of technological criteria; they seldom incorporated tech­

niques used to manufacture their nonlocal painted pots. For example, the 
use of sherd temper, black mineral or organic paint, and a nonoxidizing 

firing atmosphere, which was traditional to the Colorado Plateau potters, 
was not incorporated in the manufacture of mountain ceramics. Compo­
sitional analyses (inductively coupled plasma emission [ICP] spec­
troscopy, instrumental neutron activation analysis [INAA], and binocular 
examination of temper inclusions; see Zedefto 1994) of plain and corru­
gated vessels from Chodistaas and locally available raw materials sug­
gest that the local repertoire included mainly diabase-tempered, brown, 
indented obliterated corrugated; Salado Red Corrugated; and Salado 
White-on-red (table 5.1; fig. 5.2). These analyses also show that many 

sand-tempered, gray, indented corrugated and red plain pots were prob­
ably obtained from neighboring regions. 

Shared technological practices were restricted to closely interacting 

communities in the mountains of east-central Arizona. This confinement 

is evident in the differential distributions of brown corrugated, gray cor­

rugated, and gray-orange corrugated wares across several regions such 

as, from west to east, the Q Ranch, Grasshopper, Cibecue, Forestdale, and 

other regions of the eastern side of the White Mountain Apache Reserva-
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tion. A recent study of the surface distribution of corrugated wares in 
these areas (Reid et al. 1995) shows that technological differences among 
demonstrably or presumably local wares can be unequivocally detected 
from one region to another, often within a distance of less than 50 km and 
sometimes within less than 15 km (table 5.2; fig. 5.1). These differences 
are not limited to paste attributes, but include surface treatment, vessel 
shape, and proportional measurements, suggesting that definite criteria 
characterized the manufacturing technology of each region (Zedefio 
1994:69). 

In contrast, the design styles of painted corrugated types found 
throughout the mountains of east-central Arizona, such as McDonald 
Painted Corrugated and Salado White-on-red, are similar to the exterior 
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Figure 5.2 Bivariate representation of compositional groups for a sample of 
corrugated vessels from Chodistaas. 
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Table 5.2 Relative Percentages of Decorated and Undecorated Wares 
from Pueblo III Period Sites by Region• 

Western Region Eastern Region 

QRanch Grasshopper Cibecue Forestdale 
Ware Type (2 sites) (3 sites) (2 sites) (1 site) 

UNDECORATED CERAMICS 

Brown wares 94.0 74.3 8.9 20.0 

Orange-gray wares 0.0 13.0 89.0 70.0 

Gray wares 1.0 3.4 1.1 9.0 

Salado Red Ware 5.0 9.3 1.0 1.0 

DECORATED CERAMICS 

White Mtn. Red Ware 4.0 1.0 0.0 8.0 

Roosevelt Red Ware 1.0 4.5 1.0 2.0 

White wares 94.0 93.5 88.0 90.0 

Other 1.0 1.0 11.0 0.0 

RAW DATA SOURCE: Reid et al. (1995). 

•Percentages represent average frequencies of surface ceramics for sites with 
plazas. I used percentages rather than numbers to increase comparability and to 
illustrate general trends. 

designs of St. Johns Polychrome bowls (see Carlson 1970) or Snowflake 
Black-on-white jars (see Zedefio 1994:85). The stylistic similarities be­
tween local painted corrugated and nonlocal polished painted types sug­
gest that mountain potters were copying designs from pots they ob­
tained elsewhere. 

Circulation of Ceramics 

Residential mobility was perhaps the most common mechanism for cir­
culating pots within the mountains of east-central Arizona as well as 
between the mountains and the Colorado Plateau. Frequent or even spo­
radic movement of social units may have stimulated the establishment of 
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long-distance reciprocal relationships among two or more communities. 
This system likely opened access to resources from different environ­
ments as well as to nonlocal goods, maintained social and political ties 
through marriage, and fostered community identity by transcending so­
cial and ethnolinguistic boundaries (Braun and Plog 1982; Dalton 1977; 
Ericson 1977; Frisbie 1982). A few pots could have been transported reg­
ularly by individuals, single families, or small communities moving in or 
out of the mountains. In other words, a small but recurrent flow of pot­
tery through ties established with communities outside the region could 
account for the presence of nonlocal decorated ceramics in small settle­
ments during the late 1200s. 

Conversely, residential mobility in areas of low population density 
probably discouraged regular participation of small communities in for­
mal trade networks. These networks apparently developed after much 
larger and more stable populations aggregated in large pueblos during 
the Pueblo IV period (Adams 1991; Triadan 1994). Competition for rela­
tively scarce agricultural lands among local people and newcomers may 
have stimulated the growth of secondary economic activities, such as 
crafts production for exchange, to supplement household economies. 

The circulation of Cibola White Ware vessels into Chodistaas, Grass­
hopper Spring, and Site 197 illustrates a typical form of circulation of 
ceramics into the mountains of east-central Arizona. Cibola White Ware 
(fig. 5.3) is the most abundant decorated ware in surface collections and 
room assemblages of sites in the Grasshopper and adjacent regions. At 
Chodistaas, for example, where 330 vessels were recovered from 18 exca­
vated rooms, this ware constitutes almost 50 percent of the decorated 
vessels. Yet, chemical characterization and binocular examination of black­
on-white vessels from the three sites and of local clays revealed that all 
these vessels are nonlocal (Zedefio 199477). Based on chemical paste 
composition, manufacturing technology, and data on regional geology 
(Moore 1968), I inferred that nonlocal Cibola White Ware was obtained 
from at least three sources (fig. 5-4). The pots from these sources are made 
of white kaolin-like clay, which is not found in the Grasshopper region or 
adjacent mountain regions (Moore 1968). Sand, crushed sherds, or a com­
bination of both tempers are represented in all three sources (table 5.3). 
Most jars are ovoid, with high shoulders and pointy, molded bases, and 
were fired in a nonoxidizing atmosphere. Most Cibola White Ware sherds 
from the surface and room fill at the three sites share technological char­
acteristics with the analyzed vessels, further suggesting that this ware 
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Figure 5.3 Pinedale Black-on-white jar from Grasshopper Pueblo. 

was obtained from nonlocal sources throughout the occupation of the 
pueblos, during the last four decades of the thirteenth century. 

Differences in the transfer of style and technology are clearly illus­
trated by Cibola White Ware vessels at Chodistaas, where seven design 
styles-Red Mesa, Puerco, Kayenta-Tusayan, Snowflake, Tularosa, Roose­
velt, and Pinedale--(Crown 1981; Zedefio 1994) crosscut the three ana­
lytic sources (table 5.4). Cibola White Ware pottery that is stylistically 
identical to that recovered at Chodistaas can be found in many Pueblo III 
period sites in the Mogollon Mountains and on the Colorado Plateau. 
This pottery, however, presents a wider range of variation in temper 
techniques, vessel shapes, surface finishing, and firing. The variation is 
consistent not only with the distribution of different types of raw materi­
als, but also with the sharing of technological information among closely 
interacting potters. 

The widespread Cibola White Ware was manufactured in several re­
gions of the Colorado Plateau. Although instances of intraregional and 
interregional exchange of Cibola vessels have been documented on the 
Colorado Plateau (Franklin 1982:929; Neily 1988:175; S. Plog 1980; Toll 
1985; Wilson and Blinman 1988:366-368), evidence shows that this ware 
was not distributed through extensive formal trade but rather through 
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Figure 5.4 Compositional groups for Cibola White Ware vessels and clay sam­
ples from Chodistaas and Grasshopper pueblos (INAA), as defined by discrimi­
nant functions. 

localized networks that typically extended into the mountains of east­
central Arizona (Hantman et al. 1984; Lightfoot and Jewett 1984:57-60; 

Tuggle et al. 1982:28; Zedefio et al. 1993). Compositional data indicate 
that the relationships between mountain settlers and the communities 
that manufactured Cibola White Ware were maintained throughout the 
late Pueblo III period in the Grasshopper region and continued during 
the first years of occupation at Grasshopper Pueblo. 
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Migration and Episodic Changes in Pottery Manufacture 
and Circulation 

In the Grasshopper and probably other regions in the mountains of east­
central Arizona, detectable changes in ceramic manufacturing technol­
ogy did not occur until the middle of the A.D. 1280s and, as seen at 
Chodistaas, they took place in a short time (Montgomery and Reid 1990). 

Table 5.3 Cibola White Ware at Chodistaas and Grasshopper: Variability in Paste 
Color, Temper Type, and Pigment Type Across Compositional Groups 
(INAA) 

Composi- Paste Color 
tional Group (Munsell) Temper(N) Pigment (N) 

NONLOCAL VESSELS 

1 (N = 12) lOYR 8/1 White Sherd + sand (11) Iron (7) 

10 YR 8/2 White Sand (1) Manganese (4) 

5 YR 8/2 Pinkish white 

2 (N = 5) 2.SY 8/1 White Sherd + sand (5) Iron (1) 

5Y8/1 White Manganese (1) 

3 (N = 8) lOYR 8/1 White Sherd + sand (7) Iron (6) 

lOYR 6 I 4 Very pale Manganese (1) 

brown Sherd (1) 

Outliers 10 YR 8/1 White Sherd + sand (2) Iron (1) 

(N = 2) SY 8/1 White Manganese (1) 

LOCAL VESSELS 

4 (N = 13)• lOYRS/3 Brown Sherd (1) Iron (1) 

1 OYR 6 I 4 Light yellowish Manganese (4) 

brown Sherd + sand (3) 

SY 6/3 Pale olive Diabase + sherd + 
opaque minerals (9) 

•Includes 11 vessels from Grasshopper Pueblo. 
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Table 5.4 Cibola White Ware at Chodistaas: Variability in Design Styles 
of Whole Vessels Across Compositional Groups (INAA) 

Compositional Groups 

Design Styles 1 2 3 4 Outlier Total 

Red Mesa 0 0 0 1 0 1 
Puerco 1 1 1 0 0 3 

Snowflake 4 0 2 0 0 6 
Tularosa 8 1 5 1 1 16 
Kayenta-Tusayan 1 1 1 0 0 3 

Roosevelt 7 1 1 0 0 9 
Pinedale 3 1 0 0 1 5 
Unclassified 2 0 0 0 2 4 

Total 26 5 10 2 4 47 

I interpret these changes as being largely the result of population move­
ment into the region, aggregation, and subsequent ethnic coresidence. 

Perhaps the most significant change in the ceramic assemblages of 
mountain settlements dating to the late A.O. 1200s is the appearance of 
Roosevelt Red Ware. In fact, the earliest manifestations of this ware, 
Pinto Black-on-red (fig. 5.5) and Pinto Polychrome, are represented in 
several mountain regions (Crown 1994; Danson and Wallace 1956; Doyel 
and Haury 1976; Lange and Germick 1992). In the Grasshopper region, 
these types have been found in almost every late Pueblo III period site 
and in the room assemblages of the three excavated sites (Reid et al. 1992, 
1995). Chodistaas currently provides the most complete and accurately 
dated early Roosevelt Red Ware assemblage. Eight Pinto Polychrome 
and 32 Pinto Black-on-red bowls make up 35 percent of the decorated 
vessels from the rooms, thus allowing detailed investigation of the 
provenience and timing of appearance of this ware. Montgomery and 
Reid (1990:95) noted that Pinto types appeared at Chodistaas rather sud­
denly, sometime after A.O. 1285, and replaced Cibola White Ware bowls 
almost completely. The overall characteristics of Pinto bowls-the pres­
ence of Pinedale designs (Crown 1981), the use of sherd temper and or­
ganic paint, and the timing and circumstances of their appearance in the 



Population Movement and Technology Transfer 129 

Grasshopper region-support the traditional hypothesis that Roosevelt 
Red Ware was adopted in the mountains of east-central Arizona as a re­
sult of the migration of people from areas north of the Mogollon Rim 
(Crown 1994; Fowler and Sant 1990; Gladwin and Gladwin 1934; Haury 
1945; Mera 1934; Reid et al. 1992). 

Preliminary INAA results of 16 Pinto bowls from Chodistaas suggest 
that these represent at least two sources, one of which matches local clays 
and local wares (Zedefio 1994:99). Bowls from the local source (13 of 16) 
are tempered with crushed sherds, quartz sand, or regionally available 
diabase sand, but have designs almost identical to those belonging to the 
nonlocal source. Bowls from the nonlocal source are tempered mainly 
with crushed sherds (table 5.5). Because of the variation in chemical com­
position and temper technology in early Roosevelt Red Ware, I argue that 
groups from the Colorado Plateau who migrated to the mountains at the 
end of the thirteenth century brought a few bowls with them and began 
to manufacture Pinto bowls with local clays. Ethnic coresidence, in turn, 
stimulated the adoption of a foreign ware by mountain potters. For ex­
ample, variability in the temper technology of locally made Pinto bowls 
(crushed sherds, quartz sand, and diabase materials) indicates that these 
people used diverse technological practices. 

Figure 5.5 Pinto Black-on-red bowl from Chodistaas Pueblo. 
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Table 5.5 Temper Types in Roosevelt Red Ware Bowls from Chodistaas 

Sherd + Quartz+ Diabase+ 
Bowls Sherd Quartz Sand Quartz Sand Quartz Sand 

Pinto Black-on-red 17 3 6 1 
(N = 27) 

Pinto Polychrome 2 3 2 0 

(N = 7) 

Total 19 6 8 1 
(N = 34) 

Roosevelt Red Ware technology was not a new technology per se; it 
was derived from long-standing practices held by plateau potters. None­
theless, this technology did introduce a few innovative ideas, such as the 
use of carbon paint, into mountain ceramic traditions. Although Roose­
velt Red Ware did not require specialized production techniques (but see 
Crown 1994), it was not adopted until people bearing different knowl­
edge on ceramic manufacture came together. By the fourteenth century, 
Roosevelt Red Ware was manufactured in almost every inhabited region 
of the Arizona mountains and desert basins. 

Aggregation, Sedentism, and Ceramic Manufacture 

Aggregation of ethnically diverse peoples in large mountain pueblos, 
residential stability, agricultural intensification, and the concomitant de­
velopment of formal trade networks resulted in a dramatic increase in 
the circulation of nonlocal wares into the mountains of east-central Ari­
zona, as well as in the production of ceramics for local consumption and 
exchange (Mayro et al. 1976; Triadan 1994; Whittlesey 1974). The pres­
ence of specialized manufacturing rooms at Grasshopper Ruin indicates 
that during the Pueblo IV period ceramic manufacture became a regular 
activity (Triadan 1989). Local manufacture of white wares during the 
Pueblo IV period is only one example of this shift toward the production 
of formerly imported wares. 
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Technological analysis of 24 black-on-white whole vessels from Grass­
hopper Ruin and compositional analysis (INAA, ICP spectroscopy, and 
binocular examination of temper inclusions) of 14 of those vessels re­
vealed that only 6 of them (25 percent) were obtained from one of the 
nonlocal sources that supplied Cibola White Ware to Chodistaas. Eigh­
teen black-on-white vessels (75 percent) were made with local days 
(Zedefto 1992). This shift may have occurred during the first quarter of 
the fourteenth century and was probably related to the abandonment of 
the villages where Cibola White Ware was produced during the Pueblo 
III period. Subsequent migration resulted in discontinuities in the manu­
facture of this ware. 

Local manufacture of white ware at Grasshopper was not just an 
attempt to replicate Cibola White Ware, as had occurred with many non­
local polychromes. It was also an attempt to meet the demand for black­
on-white pottery. Technological characteristics, such as sherd temper and 
nonoxidizing firing atmosphere, were used in the manufacture of local 
black-on-white vessels, suggesting technological influence from or per­
haps manufacture by immigrant potters. 

A recent analysis of late polychrome wares from Grasshopper Pueblo 
by Daniela Triadan (1994) provided important information regarding the 
local manufacture of wares that had been previously obtained from out­
side sources. The effect of coresidence of mountain and immigrant pot­
ters on ceramic production is evident at Grasshopper, where polychrome 
wares range from perfect replicas of nonlocal White Mountain Red Ware 
and Roosevelt Red Ware made with local clays and temper to poor imita­
tions of these wares. Triadan (1994) identified two local and two imported 
sources of White Mountain Red Ware. The common use of diabase sands 
to temper Gila Polychrome bowls indicates that several Roosevelt Red 
Ware bowls were manufactured in this pueblo (Whittlesey 1974). After 
they aggregated at Grasshopper, potters adopted several foreign techno­
logical practices to develop a local polychrome, Grasshopper Ware, which 
was a crude imitation of plateau polychromes and combined Fourmile 
Polychrome and Gila Polychrome designs executed with carbon paint 
(Mayro et al. 1976; Triadan 1994). They also adopted the use of buff or 
cream slip to manufacture rough copies of Kinishba Polychrome. 

The striking variation in technological knowledge, craftsmanship, and 
style evident in the decorated wares of Grasshopper Pueblo far surpasses 
that in ceramics from late Pueblo III period sites. This ceramic assem­
blage was largely a product of the heterogeneous social and ethnic 
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makeup of large Pueblo IV period communities in east-central Arizona 
and of their exchange or trade relations. Future comparative analysis 
should focus on neighboring mountain regions, such as Point of Pines, 
Kinishba, or Forestdale, to broaden current perspectives on the organiza­
tional changes that brought about the expansion of pottery production 
for exchange and the economic impact of these processes on late prehis­
toric communities in the northern Southwest. 

Conclusions 

Data on ceramic composition and manufacturing technology from the 
Grasshopper region illustrate how pottery may have been circulated and 
production knowledge transferred through residential mobility and mi­
gration. The complex patterns of ceramic variation found in small moun­
tain pueblos of the late Pueblo III period suggest several behavioral pos­
sibilities. First, nonlocal pots were probably obtained through networks 
established among relatively mobile communities; pots could have been 
transported regularly by people moving into or out of the mountains. 
Second, small social units migrating into the mountains likely brought 
pottery with them and also manufactured pottery with local raw materi­
als. Third, coresidence of people bearing different knowledge on pottery 
making stimulated the transfer of such knowledge. As Reed (1958:7) ob­
served, the introduction of nonlocal pots and nonlocal ceramic-manufac­
turing technologies into a site or region were not necessarily the conse­
quence of extensive trade networks or mass migration. The migration of 
individuals or families, as well as exchange, frequent mobility, and inter­
marriage would have sufficed to spread pottery and techniques over 
wide territories. 

During most of the late Pueblo III period, information on ceramic 
manufacture was transferred within closely interacting communities. 
This conclusion is based on the patterned distribution of technological 
variability of local corrugated wares across several mountain regions of 
east-central Arizona. A useful implication of this observation for inter­
preting ceramic variation is that technology may be a more accurate indi­
cator of social and ethnic differences among contemporaneous groups 
than design style. Because ceramic technology in the American South­
west was not as readily transferred as design style, visible changes in the 
technological characteristics of a ceramic assemblage may signal changes 
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in the ethnic or social makeup of a pottery-making community. Such 
changes are clear between ceramic assemblages of late Pueblo III period 
sites and those of the later Grasshopper Pueblo, where available evi­
dence indicates multiethnic aggregation in a single community. 

The dynamics of population movement are a key for understanding 
adaptation and organization of prehistoric communities in the South­
west. It is therefore critically important that archaeologists look for indi­
cators of such dynamics. The study of the behaviors involved in ceramic 
manufacture and circulation in the Grasshopper region reveals that pot­
tery is an extremely rich source of information for reconstructing this 
aspect of prehistory. 
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Note 

1. Undecorated wares from the Grasshopper region do not have formal 
type names, only descriptive ones. 
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6 
The Production of the Salado Polychromes 
in the American Southwest 

Patricia L. Crown 

The widespread distribution of the Salado polychromes in 
the fourteenth century in the American Southwest (Carlson 1982:224) 

raises questions concerning their production. In this paper, I examine the 
loci of production of the Salado polychromes, the distribution and use of 
the pottery, and the organization of production. The discussion is based 
on a long-term research project that included an instrumental neutron ac­
tivation analysis (INAA) conducted at the Conservation Analytical Labo­
ratory of the Smithsonian Institution and documentation of more than 
750 whole Salado polychrome vessels from 80 sites (fig. 6.1). I chose the 
sample of whole vessels to ensure coverage of the entire spatial range of 
the pottery. I conclude that the Salado polychromes were manufactured 
in many loci and were used for many purposes, including primarily do­
mestic serving and storage functions. The pottery was not made for use 
as mortuary furniture, nor was it restricted for use by any single segment 
of Southwestern society. Evidence indicates that the pottery was pro­
duced primarily on a household basis by nonspecialist potters, although 
some forms may have been produced by part-time product specialists. 
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Loci of Production 

The INAA of 215 sherds of Gila Polychrome from 23 sites indicated the 
presence of a minimum of 11 analytically distinct sources for the pottery 
(Crown and Bishop 1987, 1991, 1994).1 The sites are in geographically re­
stricted areas. The results thus indicate multiple production loci that 
were distributed throughout the area in which the pottery was found. A 
larger sample of pottery would likely permit finer scale identification of 
analytic sources with narrower geographic distribution. The results also 
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Figure 6.1 Proveniences for Salado polychrome vessels used in this study. 



144 Crown 

suggest that despite the widespread production loci, some pottery was 
also exchanged. 

Distribution and Use 

The appearance of Salado polychrome pottery at about A.O. 1275 and its 
rapid adoption and widespread distribution after A.o. 1300 have led 
many researchers to explain the pottery as a unified symbol of authority 
in the fourteenth century Southwest or as an item used in exchange rela­
tions among elites to secure positions of prestige (Cushing 1890; Wilcox 
1987, 1995; see also Gerald 1976:68-69; Grebinger 1976; Rice 1986). Some 
researchers argue that the pottery signaled participation in an alliance 
linked through elite interaction and intermarriage (McGuire 1991; Up­
ham 1982). Despite the appeal of such explanations, no analysis has yet 
identified the patterns of use, contextual association, and imagery ex­
pected if these vessels were symbols of authority or elite exchange items. 

The whole vessels I examined came from varied contexts, including 
rooms, courtyards, inhumations, cremations, and trash (fig. 6.2). Typical 
forms of vessels suggest that they were used for water storage and for 
food storage, preparation, and serving; the contexts of recovery suggest 
that the vessels were initially used in household activities. Use-wear pat­
terns indicate that the vessels were not exempt from activities that left 
clear abrasions and burning. Distinctive forms, such as baskets, may 
have had a dedicated ritual use (Kenagy 1986), but such vessels are rare. 
Only two vessels in my assemblage came from kivas, and two other ves­
sels came from a cache. Most (67 percent) of the vessels used in my study 
were recovered from burial contexts. 

The presence of abrasion on 78 percent of the 479 vessels from burials 
demonstrates that the pottery was not strictly produced as mortuary fur­
niture, nor were the vessels associated with a fixed mortuary ritual (Nel­
son and LeBlanc 1986:5). They were found in primary and secondary cre­
mations and flexed, extended, and multiple inhumations. Burials with 
Salado polychrome vessels revealed no single rule for head orientation, 
burial pit construction, alteration of the pottery before burial, placement 
of the pottery in relation to the body, or placement of the burial pit within 
the site. 

The pottery was found with human remains from all age groups and 
both sexes in individual sites. However, studies of large mortuary popu-
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Figure 6.2 Gila Polychrome bowl with Gila Style expedient design from the 
Angler's Inn Site (Roosevelt y10; Arizona State Museum Catalog# GP 11479). 

lations indicated that Salado polychrome pottery was differentially dis­
tributed within these populations. At the Grasshopper Ruin, Whittlesey 
(1978:208, 210) showed that Salado polychrome vessels were more com­
mon with male adults than with either female adults or subadults. At Los 
Muertos, Brunson (1989:446-448) found that more subadult and male 
adult inhumations contained the pottery than female inhumations, 
whereas more female cremations contained the pottery than male crema­
tions. Nevertheless, the widespread distribution of the pottery within 
sites and across contexts indicates that, although the Salado polychromes 
may have been more commonly associated with certain segments of the 
population, such patterning did not proscribe their distribution and use 
among other segments. 
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Organization of Production 

The widespread manufacture, distribution, and mundane use of the Sa­
lado polychromes raises two questions: (1) Was the pottery produced by 
specialists or nonspecialists?; and (2) Did the organization of production 
change as the area in which the pottery was manufactured grew? Spe­
cialization is defined as "restriction of the production of a good by a rela­
tively small number of individuals (compared to total output and num­
bers of consumers)" (Rice 1991:263). Nonspecialists were thus potters 
who produced for their own household use, although they may have 
commonly manufactured a few more vessels to distribute as gifts or to 
meet social obligations within or outside the residential community. For 
this reason, demonstration that pottery was exchanged among commu­
nities does not necessarily indicate that it was produced by specialists. 
As Graves (1982:339, 1991) showed, balanced reciprocal exchange among 
nonspecialist potters from different villages could have had a significant 
impact on the material record. 

In contrast, specialist potters produced pottery as a supplement to or 
primary source of income. Specialization in pottery production repre­
sents a continuum from part-time "elementary'' specialists (Balfet 1965: 
163) to full-time workshops or industries. Pottery produced by part-time 
specialists may have remained within a village or community; thus, local 
production of pottery and an absence of exchange in vessels do not nec­
essarily indicate that the pottery was produced by nonspecialists. 

In addition to defining the role of individuals in pottery production, 
Rice (1991) argued that specialization may refer to site specialization 
(pottery production by specialized communities), resource specialization 
(restricted access and use of specific resources by potters or communi­
ties), and product specialization (production of a single form or type of 
vessel by potters or communities). Product specialization does not neces­
sarily entail intensified production (Rice 1991; Stark 1985:161-163). Site 
specialization is known to have occurred in the prehistoric Southwest; 
the production of glaze-painted pottery among the Rio Grande pueblos 
is the best documented example (Shepard 1965). This ceramic production 
apparently also entailed resource specialization (Rice 1991). 

Previous studies examined the organization of Salado polychrome pro­
duction. Studies of Salado polychrome vessels from Grasshopper Ruin 
suggested that production varied with specific design styles. Although 
most styles were locally produced for local consumption, one style was 
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locally produced for exchange (Mayro et al. 1976:93; see also Whittlesey 
1974). A study of 24 Gila Polychrome vessels from sites excavated by 
the Mrs. William Boyce Thompson Expedition suggested that they were 
produced by specialists because of the vessels' uniform wall and rim 
thickness and the nestability of bowl forms (Hohmann and Kelley 1988: 
225). 

In recent years, archaeologists have often explored the mode of pro­
duction by examining product standardization and efficiency of produc­
tion (Benco 1987, 1988; Hagstrum 1985; Lindauer 1988; Longacre et al. 
1988; Rice 1981, 1987, 1991; Stark, this volume). Archaeologists assume 
that vessels made by specialists are more standardized in form and tech­
nology than vessels made by nonspecialists (although see Hodder [1981: 
231), Santley et al. [1989:111), and Stark [this volume] for some argu­
ments against the wholesale acceptance of this assumption). Among spe­
cialist producers, greater standardization may have resulted either from 
fewer potters producing a given vessel form (Stark's [this volume] ratio 
effect) or from many potters producing highly uniform products. Re­
searchers also assume that specialists decorated utility vessels with labor­
efficient and standardized designs but decorated "luxury" goods us­
ing labor-intensive methods and elaborate designs (Hagstrum 1985:68; 
Rice 1981:table 1). Costin and Hagstrum (1995) argued that standardiza­
tion may have resulted from the necessity of producing vessels with 
specific physical or social functions or from efficient manufacturing steps 
associated with the organization of production. They suggested that 
researchers separate the former intentional standardization from the lat- . 
ter mechanical standardization. Potters intentionally standardized their 
products through resource selection, vessel form, and decorative style. In 
contrast, mechanical standardization includes attributes such as materi­
als selection and preparation unrelated to vessel performance character­
istics, minor color variations, size variations within a size/form class, 
and metric attributes of vessel decoration. Archaeologists interested in 
gauging the organization of pottery production should therefore concen­
trate on the attributes of mechanical standardization. 

To examine the organization of production for the Salado poly­
chromes, I concentrated on standardization of forms and on efficiency of 
design execution. Standardization refers to the relative homogeneity of 
the vessels (Rice 1991) and should be viewed as a continuum (Arnold 
and Nieves 1992). Because it is a relative characteristic of groups of 
vessels, standardization in pottery production cannot be evaluated on a 
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fixed scale. Following the work of previous researchers, I investigated 
standardization through coefficients of variation of metric attributes of 
vessel form. Specialist potters generally produce more standardized 
forms than nonspecialist potters because of their greater output, their use 
of more cost-effective production techniques, and the more routinized 
production sequence. In addition, metric attributes of vessels that are in­
tended for exchange are partly dictated by the requirements of ease of 
transport (nestability) and the demands of consumers. In ethnographic 
situations, the degree of standardization in vessel form is partly affected 
by the intended market for the pottery and by the technique used to pro­
duce it (Arnold and Nieves 1992). By examining only a single type of pot­
tery produced by a single technique (coiling, with scrape thinning), I 
eliminated these potential sources of variation. In practical terms, greater 
standardization in metric attributes will arise through measurement of 
vessels (which can be done with a stick or the hand), through use of a 
single toolkit to form and finish many vessels (e.g., a gourd scraper used 
in thinning multiple vessels will result in similar vessel profiles), and 
through the skill of the potter (Arnold and Nieves 1992). 

Although there is no fixed scale for evaluating standardization in pot­
tery production, ethnographically and historically documented assem­
blages provide a means of comparison for figures obtained from prehis­
toric assemblages. In his dissertation research, Lindauer (1988) attempted 
to give meaning to coefficients of variation cross-culturally by examining 
a wide variety of ethnographic examples of coefficients of variation for 
pottery produced by specialists and nonspecialists. His results suggest 
that pottery produced by specialists may generally be distinguished by 
lower coefficients of variation than pottery produced by nonspecialists. 
Benco (1988, 1989) also documented low coefficients of variation (all 
under 10 percent) for specialist potters in historical archaeological and 
ethnographic circumstances. Together, these results indicate that many 
specialist potters produce standardized vessel forms with coefficients of 
variation that are less than 10 percent for size variables (Benco 1988; Lin­
dauer 1988; Longacre et al. 1988; Stark, this volume), although in some 
instances specialists also produce less standardized forms with coeffi­
cients of variation that are over 10 percent (table 6.1; fig. 6.3). In contrast, 
nonspecialists consistently produce pottery with coefficients of variation 
that are 10 percent or higher. 

I therefore assumed that standardization of forms is indicated by coef­
ficients of variation that are less than 10 percent for metric attributes. 
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Such standardization, in turn, indicates specialist production. If coeffi­
cients of variation indicate lack of standardization through figures that 
are greater than 10 percent, production may have entailed either special­
ists or nonspecialist producers, and interpretation necessitates other cat­
egories of data. Several problems, however, are associated with using 
prehistoric assemblages for such analyses: (1) a lack of adequate tempo­
ral control, (2) uncertainty about where the vessels were made and by 
how many potters, and (3) the inability to identify the emic form classes 
that were meaningful to the potters who produced them (Longacre et al. 
1988; Stark, this volume). 

Standardization 

To examine Salado polychrome standardization, I controlled time by di­
viding the assemblage into the three types, Pinto, Gila, and Tonto. Use of 
these typological categories is not ideal because their production over­
lapped in time and they were not produced for equal lengths of time. Al­
though Pinto Polychrome apparently preceded Gila Polychrome, Gila 
and Tonto Polychromes appear to overlap in their temporal distribution: 
Tonto Polychrome was produced for a shorter period of time at the end 
of the Gila Polychrome production interval. Pinto Polychrome was man­
ufactured for approximately 25 years, Gila Polychrome for approxi­
mately 150 years, and Tonto Polychrome for 50 to 100 years. 

Form categories combined morphological characteristics with size 
variation. Five morphological forms were represented in sufficient 
amounts for this study, including: incurved bowls, recurved bowls, out­
curved bowls, straight-walled bowls, and jars. These morphological 
classes were further subdivided into small, medium, and large sizes 
based on groupings apparent in scattergrams of heights and maximum 
diameters for each morphological class.2 Coefficients of variation for the 
heights and maximum diameters of the combined form and type cate­
gories were then calculated for individual site assemblages (table 6.2). I 
only presented the figures for sites with at least 10 vessels in each cate­
gory; unfortunately, few sites produced samples of this size. When no 
sites produced 10 vessels of a particular type-form category, I included 
the figures for all vessels of that type and form from all sites. Because the 
INAA indicated widescale production loci, I assumed that the site-specific 
figures were more reliable indicators of mode of production than the 
combined type figures. 
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Table 6.1 Coefficients of Variation for Ceramics Made by Specialist and 
Nonspecialist Potters Among Ethnographic Groups 

Maximum 
Height Diameter Orifice Group Form 

SPECIALISTS 

0.07 

0.06 

0.05 

0.17 

0.11 

0.11 

0.10 

0.04 0.05 Paradijon small-medium cooking 

0.03 0.04 Paradijon medium cooking 

0.04 0.05 Paradijon medium-large cooking 

0.11 0.13 Paradijon small flower pots 

0.10 0.12 Paradijon medium flower pots 

0.08 0.11 Paradijon large flower pots 

0.07 0.09 Paradijon extra large flower pots 

0.15 0.18 Amphlett Isl.a small household cooking 

0.08 0.10 Amphlett Isl. ceremonial cooking 

0.06 0.06 Amphlett Isl. ceremonial cooking 

0.18 0.21 Amphlett Isl. large household cooking 

0.15 0.11 Sacoj Grande medium cooking 

0.06 0.06 Sacoj Grande medium cooking 

0.07 0.12 Sacojito medium water 

0.05 0.09 Sacojito large water 
0.02 0.09 Durazno small water 

0.03 0.05 Durazno medium-large water 

0.05 0.02 Durazno medium-large water 

The coefficients of variation for all categories of small vessels from in­
dividual sites are higher than 10 percent, indicating a relative lack of 
standardization. The figures for the medium and large vessels are gener­
ally lower than those for the small vessels and include some figures that 
are less than 10 percent, indicating that the small Salado vessels gener­
ally exhibit greater variation in metric attributes than their large counter­
parts. These data indicate that the small forms are less standardized than 
the larger forms and were more likely produced by nonspecialist potters. 

Support for this interpretation comes from the designs on some of the 
vessels. Nine small vessels from eight sites have designs painted by indi-
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Table 6.1 Continued 

Maximum 
Height Diameter Orifice Group Form 

0.14 0.12 Ticul plant pot 

0.06 0.04 Ticul decorative vessel 

0.18 0.11 Ticul small food bowl 

NONSPECIALISTS 

0.14 0.12 0.12 Kalinga medium vegetable 

0.11 0.10 0.13 Kalinga medium rice 

0.13 0.15 Goodenough Isl. small cooking 

0.12 0.14 Goodenough Isl. small cooking 

0.12 0.12 Goodenough Isl. small cooking 

0.16 0.21 Shipibo-Conibo small cooking 

0.22 0.24 Shipibo-Conibo medium cooking 

0.12 0.15 Shipibo-Conibo large cooking 

0.16 0.19 Shipibo-Conibo water 

0.18 0.22 Shipibo-Conibo water 

0.18 0.21 Shipibo-Conibo water 

SOURCES: Arnold and Nieves (1992:table 2), Lindauer (1988:table 6), Longacre et al. (1988: 
tables 1, 2), and Stark (this volume). 

•Although the Amphlett Island potters are classified as specialists, the potters produce only 
about six vessels per month (Stark, this volume). 

viduals with poorly developed motor skills, probably children. All of 
these vessels show evidence of use after manufacture. The presence of 
such vessels decorated in what appears to have been a learning context 
and then used before disposal indicates that production of Salado poly­
chrome vessels was not restricted to a single competency class within 
these sites and that beginners' efforts were not discarded to maintain a 
level of quality and competition. 

As stated previously, the larger vessels are generally more standard­
ized than the small vessels and include some coefficients of variation that 
are below 10 percent. However, only one site assemblage (the VIV Site in 
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Figure 6.3 Coefficients of variation for maximum diameters (widths) of vessels 
produced by specialist and nonspecialist potters. 

central Arizona) produced a category of vessels (large Tonto Polychrome 
jars) with coefficients of variation that are below 10 percent for both 
heights and maximum diameters. Table 6.3 and figure 6.4 illustrate the 
coefficients of variation obtained when all Gila and Tonto Polychrome 
vessels over 315 mm in maximum diameter were considered as a single 
group. The combined figures for 13 Gila and Tonto Polychrome jars over 
315 mm in maximum diameter from the VIV Site produced coefficients 
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Table 6.2 Sample Means, Standard Deviations, and Coefficients of Variation 
for Salado Polychrome Form-Type Categories 

Height Maximum Diameter 
No.of 

Type & Site Mean S.D. c.v. Mean S.D. c.v. N sites 

SMALL BOWLS (maximum diameter 1-240 mm) n = 387 

Incurved Bowls 

Pinto 80.91 18.17 0.22 165.00 38.36 0.23 11 8 

Gila 90.15 12.94 0.14 181.94 28.66 0.16 127 30 

Angler's Inn 87.48 13.05 0.15 172.48 27.28 0.16 25 1 

Gila Pueblo 91.69 11.94 0.13 182.44 25.23 0.14 32 1 

Four Mile 89.18 14.74 0.17 201.64 30.92 0.15 11 1 

Recurved Bowls 

Gila 102.42 36.53 0.36 175.64 35.51 0.20 33 20 

Outcurved Bowls 

Pinto 78.50 9.50 0.12 181.08 21.86 0.12 12 7 

Gila 74.93 18.12 0.24 163.95 38.81 0.24 41 13 

Angler's Inn 74.14 9.38 0.13 171.79 24.27 0.14 14 1 

Straight-Walled Bowls 

Pinto 80.06 16.58 0.21 174.00 40.24 0.23 16 8 

Gila 85.30 14.53 0.17 167.95 34.68 0.20 97 27 

Angler's Inn 84.74 12.06 0.14 163.07 30.72 0.19 27 1 

Gila Pueblo 88.70 13.54 0.15 180.74 30.49 0.17 23 1 

SMALL JARS (maximum diameter 1-314 mm) n = 121 

Gila 140.14 28.79 0.21 174.52 43.27 0.25 92 23 

Gila Pueblo 143.38 26.75 0.19 168.34 28.74 0.17 32 1 

Tonto 151.00 28.36 0.19 194.39 52.67 0.27 28 13 

MEDIUM BOWLS (maximum diameter over 240 mm) n = 105 

Incurved Bowls (maximum diameter 240-314 mm) 

Gila 128.25 14.85 0.12 269.53 20.83 0.08 40 14 

Recurved Bowls (maximum diameter 240-314 mm) 

Gila 143.24 16.24 0.11 285.84 20.02 0.07 25 11 
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Table 6.2 Continued 

Height Maximum Diameter 
No.of 

Type & Site Mean S.D. c.v. Mean S.D. c.v. N sites 

Straight-Walled Bowls (maximum diameter over 240 mm) 

Gila 132.53 12.12 0.09 277.93 19.64 0.07 15 9 

LARGE BOWLS (maximum diameter over 315 mm) n = 45 

lncurved Bowls 

Gila 172.00 15.30 0.09 327.90 9.24 0.03 10 8 

Recurved Bowls 

Gila 176.84 28.55 0.19 344.84 21.73 0.06 19 9 

Tonto 180.77 20.80 0.12 374.08 27.69 0.07 13 8 

LARGE JARS (maximum diameter over 315 mm) n = 79 

Gila 257.67 31.67 0.12 363.78 24.60 0.07 27 13 
Tonto 259.08 33.81 0.13 402.35 42.63 0.11 51 14 

Kuykendall 265.57 31.63 0.12 413.38 46.25 0.11 21 1 

VIV 243.10 20.44 0.08 391.40 27.57 0.07 10 1 

of variation of 8 percent for both height and maximum diameter (table 
6.3). These jars came from six different, noncontiguous rooms at the site. 
Examination of other vessel attributes, including red slip color, temper, 
and presence or absence of a break in encircling lifelines revealed a nar­
row range of variability in these attributes, suggesting that the vessels 
were made by few, or highly standardized, potters. 

I obtained similar results for the Dinwiddie Site in southwestern New 
Mexico. Six very large recurved bowls over 315 mm in maximum diame­
ter produced coefficients of variation of 5 percent for height and 8 per­
cent for maximum diameter (table 6.3). The Dinwiddie Site bowls came 
from the floors of four separate, noncontiguous rooms. Five of the six 
bowls are smudged, constituting all but one of the smudged bowls in 
the entire assemblage. The six bowls show consistent temper, slip color, 
and lifeline location, which also suggests a standardized manufacturing 
regime. 
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If the form-type categories created for this analysis are behaviorally 
meaningful, then small vessel categories are not standardized in form, 
and some large vessel categories from some sites are standardized. How­
ever, the lack of standardization among the small vessel categories may 
be partly due to differences in the samples of vessels. First, the contexts 
that produced each of these size categories differ: 84 percent of small ves­
sels (under 240 mm in maximum diameter) came from burials, whereas 
89 percent of large vessels (over 315 mm in maximum diameter) came 
from nonburial contexts, primarily rooms and courtyards. Of the medium 
vessels, 58 percent came from burials, and 42 percent came from rooms. 
The large vessels from nonburial contexts were primarily left in place 
when the sites were abandoned, and thus, might have been produced 
over a shorter period of time and by fewer potters than the groups of ves­
sels found in burials at the same sites. Second, the small vessels are more 
portable and more likely to have been exchanged than the large vessels. 
This attribute may have led more potters to contribute to the pool of 
small vessels. 

Despite these possible differences in the samples, the coefficients of 
variation for the large vessels from the Dinwiddie and VIV sites do sug­
gest production by specialists. Additional factors suggest that this produc-

Table 6.3 Sample Means, Standard Deviations, and Coefficients of Variation 
for Large Salado Polychrome Vessels over 315 mm in Maximum 
Diameter, with Gila and Tonto Polychrome Vessels Combined 

Height Maximum Diameter 
No. of 

Type & Site Mean S.D. c.v. Mean S.D. c.v. N sites 

Incurved bowls 166.31 18.21 0.11 333.38 20.09 0.06 13 9 

Recurved bowls 176.84 28.55 0.16 356.72 28.00 0.08 32 17 

Kuykendall 163.86 22.46 0.14 333.57 15.10 0.05 7 1 
Dinwiddie 165.83 7.78 0.05 375.17 31.13 0.08 6 1 

Jars 265.11 34.55 0.13 386.99 41.43 0.11 82 21 
Kuykendall 252.18 37.60 0.15 390.35 48.12 0.12 33 1 

VIV 244.08 19.71 0.08 383.23 31.42 0.08 13 1 
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Figure 6.4 Coefficients of variation for maximum diameters (widths) and 
heights of vessels over 315 mm in width. 

tion entailed product specialization by a few skilled potters without in­
tensification. Although there is no evidence that the distribution of these 
large vessels was restricted, the demand for them was apparently not 
great. Only 45 large bowls (over 315 mm in diameter) from 15 sites are in­
cluded in the assemblage of 778 vessels (6 percent of the assemblage). 
The 79 large jars represent 10 percent of the assemblage, but they were 
widely distributed at 23 sites. I have argued elsewhere that these large 
vessels were used in community feasting (bowls) and communal storage 
(jars) (Crown 1994:203). Low demand would suggest the need for fewer 
potters to produce such vessels. 

Time may also have been a factor in the production of large vessels. 
DeBoer and Lathrap (1979:120) timed the manufacture of several vessel 
forms among the Shipibo-Conibo and found that large jars took 4.5 times 
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longer to produce than small jars.3 Fewer potters may have been willing 
to invest their time in the production of these forms. 

Finally, fewer potters would have had the skills necessary to make the 
very large vessels than to make the smaller forms. Support for this inter­
pretation comes from the quality of design artistry on the vessels. In 
ranking the quality of painting on the vessels on a scale of 1 to 5, where 
1 was the best and 5 the worst execution, I found that only 4 percent of 
the vessels over 315 mm in maximum diameter were ranked above 3, 
whereas 12 percent of the smaller vessels were ranked above 3. This sug­
gests that children and less skilled potters did not attempt to produce the 
difficult larger forms. 

Although the low coefficients of variation for large recurved bowls 
from the Dinwiddie Site and large jars from the VIV Site suggest special­
ist production, I did not find comparably low figures for large v~ssel 
forms from other sites. At the Kuykendall Site, 7 recurved bowls and 
33 jars comparable in size to those from Dinwiddie and VIV had coeffi­
cients of variation that were considerably higher (table 6.3). Because the 
Kuykendall vessels came from comparable contexts (nonburials) and 
are of comparable size, function, and quality, it is likely that the differ­
ence lies in the number of potters who produced the vessels at each of 
these sites. 

I therefore suggest that the standardization of some vessel forms from 
some sites is due to a smaller pool of potters who were capable of pro­
ducing these low-demand forms at particular sites. Such product special­
ization does not imply economic intensification. 

Efficiency in Decoration 

The lack of standardization in small vessel forms leaves unresolved the 
issue of mode of production, particularly because of the possible sam­
pling problems noted. Further investigation of this issue requires exami­
nation of another dimension of specialized production. Researchers have 
suggested that mass production of utilitarian wares with low value and 
wide distribution was accompanied by standardized and cost-effective 
design execution, whereas specialization in the production of "luxury" 
wares with high value, special function, and low or restricted distribu­
tion entailed labor-intensive methods (Hagstrum 1985; Rice 1987). By 
evaluating the energy expenditure of Salado polychrome designs, I could 
further assess the degree to which cost-effective measures influenced 
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production. Unfortunately, like standardization, efficiency is a relative 
concept. 

In relative terms, only 1 of 12 decorative styles on the Salado poly­
chrome vessels-the Gila Style-can be considered cost effective. Gila 
Style vessels have expedient designs executed with wide brushes and 
minimal brush strokes (e.g., the vessel in fig. 6.2). These designs are 
highly redundant; identical designs were found on vessels from many 
different sites. Gila Style designs contrast with other design styles on the 
Salado polychromes, which are generally characterized by more complex 
motifs that incorporate hatching, ticking, and other labor-intensive pat­
terns. Gila Style designs were thus both efficiently executed and highly 
standardized. Of all of the Salado polychrome design styles, only these 
designs are likely to have been produced by specialists who were con­
cerned with efficient execution. If the subset of vessels with Gila Style 
designs have standardized vessel forms, a stronger case could be made 
for their production by specialists. 

Gila Style designs were painted on 12 percent of the vessels in my 
sample; almost all (91 percent) are Gila Polychrome, and almost all (92 

percent) fit into the small size class. However, once these vessels are di­
vided into the form classes, the sample sizes are quite low. Nevertheless, 
the coefficients of variation for the Gila Style small vessels are in all but 
one case quite close to the figures for the assemblage as a whole (table 6.4 
and fig. 6.5), indicating that the forms were no more standardized than 
most of the assemblage and that the pots were probably not produced by 
specialists. 

The single exception is a group of seven straight-walled bowls from 
the Angler's Inn Site with coefficients of variation that are below 10 per­
cent. This small sample of vessels with both standardized forms and 
cost-efficient designs may indicate that specialists produced one form of 
Salado polychrome vessels at one site. Examination of nonplastic inclu­
sions, paint types, and the presence of a break in the lifeline indicates six 
distinct combinations of attributes, which may signify that six different 
potters produced these seven vessels with standardized dimensions. Un­
fortunately, the small sample size makes any interpretation tentative. 

By contrast, the large vessels with standardized forms from the Din­
widdie and VIV sites exhibit varied and labor-intensive designs, painted 
with small brushes and many brush strokes. These vessels were too 
widely distributed within these sites to have been strictly elite wares, but 
they were probably valued, special-function vessels that required skills 
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Table 6.4 Sample Means, Standard Deviations, and Coefficients of Variation 
for Small Salado Polychrome Vessels with Gila Style Design 

Height Maximum Diameter 
No.of 

Type &Site Mean S.D. c.v. Mean S.D. c.v. N 

Incurved bowls 86.13 10.81 0.13 170.65 25.27 0.15 31 

Angler's Inn 86.67 13.80 0.15 172.11 31.27 0.18 9 

Recurved bowls 87.88 19.68 0.22 152.75 33.42 0.22 8 

Outcurved bowls 73.50 15.31 0.21 151.40 19.97 0.13 10 

Straight-walled 
bowls 81.10 12.64 0.16 154.90 26.09 0.17 20 

Angler's Inn 86.71 7.78 0.09 165.71 10.05 0.06 7 

possessed by few potters. At these two sites, only highly skilled potters 
may have manufactured certain complex vessel forms, perhaps for spe­
cial purposes, as a form of product specialization (Rice 1991). 

Conclusions 

Salado polychrome pottery was produced in many locales over a broad 
area of the American Southwest. Despite the wide production area, cur­
rent evidence indicates some pottery exchange. The use and distribution 
of vessels within sites suggest that the pots were not symbols of author­
ity or items of exchange among elites. The vessels were used for food pro­
cessing, serving, and storage and were ultimately abandoned in house­
holds, courtyards, or kivas or placed in burials, caches, or trash after use. 
The vessels were not associated with any single burial ritual. The distri­
bution of vessels in burials was not restricted to any single age or sex 
group, although the patterns do suggest that the vessels were more com­
monly associated with adults of a single sex in some burial populations. 

The unstandardized forms and labor-intensive designs of most Salado 
polychrome vessels are most consistent with the argument for nonspe­
cialist production. However, the nature and sizes of the samples make it 
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Figure 6.5 Coefficients of variation for maximum diameters (widths) and 
heights of small vessels with Gila Style designs. 

impossible to demonstrate nonspecialist production conclusively. The 
presence of vessels decorated by unskilled individuals indicates that the 
potters who made Salado polychrome vessels varied greatly in their skill 
and apparent output. 

Small vessels with standardized forms and efficient, standardized de­
signs suggest possible mass production of one form of Salado polychrome 
vessel at a single site. At two sites, large vessels with standardized forms 
and complex designs suggest possible production by a few potters. Al­
though such "product specialization" may have occurred at these sites, 
the absence of high volumes of these large vessels and the presence of 
labor-intensive, nonrepetitive designs on these vessels suggest that this 
specialization did not occur in an atmosphere of craft production intensi­
fication. Rather, fewer, more highly skilled potters produced these diffi­
cult shapes, probably as part-time "elementary" specialists (Balfet 1965). 

One implication of this research is that ceramic specialization in these 
middle-range societies may have begun with production of low-demand 
forms that required unusual skill to manufacture. Such an interpretation 
·potentially challenges assumptions based on Balfet's (1965) conclusion 
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that ceramic specialization began among disenfranchised women. Instead, 
the research presented here suggests that highly skilled potters may have 
produced a few difficult forms above the needs of the household as one 
path toward specialized production. 

Interestingly, the coefficients of variation for all Salado polychrome 
vessels are generally smaller than those obtained for contemporaneous 
cooking jars from Grasshopper Pueblo (Longacre et al. 1988:table 3), ear­
lier Sedentary period Hohokam Red-on-buff vessels from cremations at 
Snaketown (Lindauer 1988:table 12), and the other assemblages dis­
cussed in this volume (Hegmon et al.; Mills). Although one can argue 
that standardization should not be compared from one population to 
another (Arnold and Nieves 1992) and that the forms, functions, and rel­
ative time depth represented by the various assemblages are not compa­
rable, the greater standardization of the Salado polychrome vessels may 
indicate that they were produced by a smaller pool of potters than the 
other types. 

The organization of production of the Salado polychromes does not 
appear to have altered substantially over time as the areal extent of pro­
duction increased. Comparisons of coefficients of variation for the gen­
eral temporal sequence of Pinto, Gila, and Tonto vessels reveal variable 
trends in the relative standardization of vessel forms, i.e., an inconsistent 
temporal pattern. However, the possible examples of specialized produc­
tion noted above all entail the fourteenth-century Gila or Tonto Poly­
chrome vessels. Although most Salado polychrome vessel production 
probably remained in the hands of nonspecialist household producers 
throughout this period, other means of organizing production may have 
been added after A.D. 1300. 

I conclude that Salado polychrome vessels were produced in many 
places, for many purposes, by individuals with highly variable skills, fac­
tors that suggest the presence of multiple levels in the organization of 
production within individual sites. In this case, the analytic construct 
"type" subsumes visually similar products of highly varied origin. 
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Notes 

1. Many smaller scale studies (primarily of Gila and Tonto Polychromes) 
have demonstrated local production through petrographic, X-ray fluorescence, 
and X-ray diffraction analyses. I do not review all of these studies here, but the 
interested reader is referred to Crown and Bishop (1991) for a complete listing 
of these projects. Two recent research projects demonstrate that the Pinto Poly­
chrome vessels recovered at specific sites are both manufactured locally and 
exchanged from other areas (White 1993; Zedefio 1991, this volume), although 
the magnitude of the local production vs. the exchange is impossible to gauge 
on the basis of the small samples investigated. 

2. Scattergrams of vessel height and maximum diameter for each bowl class 
showed breaks at the same location: heights of 115 mm and widths of 240 mm. 
In addition, scattergrams for incurved bowls and recurved bowls showed 
breaks at maximum diameters of 315 mm. For the jar class, a break was appar­
ent at a height of 200 mm and a width of 315 mm. These categories provide a 
means for subdividing this large assemblage into potentially more meaningful 
classes. 

3. DeBoer and Lathrap (1979) indicated that small ollas required seven pro­
duction steps and 195 minutes to manufacture, whereas large jars took nine 
production steps and 895 minutes. 
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7 
Changing Patterns of 
Pottery Manufacture and Trade in the 
Northern Rio Grande Region 

Judith A. Habicht-Mauche 

Unlike materials that do not vary in composition as they are 
transformed into human resources (e.g., lithics), ceramic materials are in­
herently malleable. This plasticity is evident not only in their physical 
composition and form, but also in how their production, distribution, 
and use map onto changing cultural landscapes. As a result, ceramic ma­
terials have the potential to yield compelling and detailed information 
about transformations in these landscapes. The following study presents 
evidence for a major shift in the organization of ceramic production and 
distribution in the northern Rio Grande Valley of New Mexico, within 
the context of changing economic and social relations in the region dur­
ing the fourteenth century. 

The development of a widespread network of craft and resource spe­
cialization and long-distance trade is often cited as one of the defining 
hallmarks of the early Classic period (A.D. 1300-1450) in the northern Rio 
Grande region (Snow 1981). Specialization in this context is defined by 
the related processes of differentiation of production by district (i.e., 
"community specialization") and the "commodification" of specific so­
cially valued objects, such as glaze-painted pottery. In turn, these 
processes have been interpreted as reflecting the emergence of a broad 
regional system of socio-political and economic integration (Wilcox 
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1981). Unfortunately, little work has been done to define either the exact 
structure of these economic transactions or the nature of the emerging so­
cial relationships that both sustained and were sustained by them. To ad­
dress these issues, I conducted a detailed study to record evidence for 
changing patterns of pottery manufacture and trade at the early Classic 
period site of Arroyo Hondo (LA 12), New Mexico (Habicht-Mauche 

1993). 
The adobe ruins of Arroyo Hondo Pueblo (LA 12) are located along 

the eastern flank of the Sangre de Cristo Mountains, just south of the 
modern city of Santa Fe (fig. 7. 1). The site was the subject of a multi year, 
interdisciplinary excavation project directed by Douglas Schwartz of the 
School of American Research during the early 1970s (Schwartz 1986; 
Schwartz and Lang 1973). The researchers' objective was to study pro­
cesses of demographic expansion, settlement aggregation, and regional 
integration in the northern Rio Grande Valley during the fourteenth cen­
tury by examining the life history of a single community. 

Tree-ring dates from the site indicate that Arroyo Hondo was founded 
shortly after A.D. 1300. The settlement grew rapidly until, by the 1330s, it 
consisted of more than 1,000 rooms arranged in 24 multistory room 
blocks enclosing nine plazas, making it one of the largest pueblo commu­
nities in the northern Rio Grande at the time (fig. 7.2). By 1345, however, 
an episode of increased variability and unpredictability in seasonal pre­
cipitation led to the virtual abandonment of the site for nearly a genera­
tion (Lang and Harris 1984; Rose et al. 1981; Schwartz 1986). In the 1370s 
a second, smaller village was constructed over part of the first (fig. 7.3). 
This second component village consisted of 200 single-story rooms 
arranged in nine room blocks around three plazas. Much of the second 
component village burned in the 1420s, and by the end of that decade, 
the site appears to have been permanently abandoned. 

The decorated ceramic assemblage from Arroyo Hondo was domi­
nated by black-on-white painted pottery throughout both occupations 
(table 7.1). Seriational studies, however, indicate that during the height of 
the second component occupation, glaze-painted pottery may have ac­
counted for as much as 35 percent of the decorated ceramics (Lang 1993). 
The increased popularity of glaze-painted ceramics at Arroyo Hondo is a 
reflection of broader regional changes in the organization and structure 
of pottery manufacture and trade that took place throughout the north­
ern Rio Grande during the second half of the fourteenth century. 
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Figure 7.1 Location of Arroyo Hondo Pueblo in the northern Rio Grande region. 
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Methods of Analysis 

To examine these fundamental changes in local ceramic manufacture and 
regional trade in greater detail, I performed a series of mineralogical and 
chemical analyses on a sample of decorated pottery from Arroyo Hondo 
Pueblo. Petrography was the primary method of mineralogical analysis. 
Using a low-power stereo microscope, I sorted sherds from each of the 
major pottery types into discrete categories based on recognizable differ­
ences in paste composition and texture. For each of the decorated types, I 
selected one sherd from each of the major paste categories for petro­
graphic analysis and then analyzed standard thin sections with a polariz­
ing microscope. Based on these petrographic data, I reexamined each 
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Figure 7.2 Schematic plan of Arroyo Hondo Pueblo, Component I. 
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Figure 7.3 Schematic plan of Arroyo Hondo Pueblo, Component II. 

sherd in the sample using a low-power stereo microscope to form the 
more inclusive temper categories summarized in the pie charts (see figs. 
7.5a, 7.7a, 7.8a, 7.9a, 7.10a, and 7.12a). 

Bart Olinger of Los Alamos National Laboratory conducted a chemi­
cal analysis, using X-ray fluorescence (xRF), on a sample of 15 sherds 
from each of the major decorated ceramic types at the site (Olinger 1993). 
Polished sections rather than powdered samples were used for this analy­
sis because they were easier and less expensive to prepare and largely 
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Table 7.1 Frequency of Decorated Pottery Types from Arroyo Hondo 
Pueblo 

Component I Component II 

Type N % N % 

Indeterminate white ware 702 8.6 962 10.0 

Santa Fe B/W: Santa Fe Variety 1,429 17.5 1,723 18.0 

Santa Fe B/W: Pindi Variety 1,033 12.7 415 4.3 

WiyoB/W 1,475 18.1 1,925 20.1 

Abiquiu B/W 12 0.1 151 1.6 
Galisteo B/W 1,169 14.3 1,288 13.5 

Rowe B/W: Poge and Arroyo 

Hondo Varieties 1,973 24.2 1,519 15.9 

Misc. imported white wares 17 0.1 11 0.1 

Indeterminate early Glaze Red 225 2.8 1,139 11.9 
Glaze A Red 64 0.8 293 2.9 

Glaze B Red 4 0 45 0.5 

Misc. imported red wares 18 0.2 18 0.2 

Glaze A Yellow 32 0.4 95 1.0 
Glaze B Yellow 2 0 0 0 
Misc. imported yellow wares 0 0 1 0 

Total 8,155 100.0 9,585 100.0 

nondestructive to the original specimen. Techniques such as XRF are bulk 
analyses: the chemical signature they produce combines all the composi­
tional elements of a ceramic, including clay, temper, slip, and paint. It is 
impossible, therefore, to determine from the chemical data alone which 
aspect of the signature is due to which component. In this case, however, 
the accompanying petrographic studies provided a mineralogical and 
geologic context in which to interpret the chemical data. 

The scatter plots (see figs. 7.5b, 7.7b, 7.8b, 7.9b, 7.10b, and 7.12b) re­
cord the chemical signature, as a function of the percentage X-ray counts 
of iron (Fe), strontium (Sr), and zirconium (Zr)', for sherds within each 
paste category and pottery type. These values represent the relative fre-
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quency of X-ray counts detected for each element and not actual compo­
sitional ratios. As a result, these data are largely qualitative in nature and 
should be analyzed as such. Interpretation of the chemical data is based 
on previous studies in the area (Olinger 1987a,b) that showed that ce­
ramics known to have been produced locally with the same materials 
tend to give a tight, homogeneous X-ray signature, whereas ceramics 
from a wide variety of sources that used different raw materials tend to 
give a relatively diffuse, heterogeneous signature. 

The goals of these compositional analyses were to identify the origin 
of manufacture of the decorated pottery recovered from the site and to 
trace the nature and extent of Arroyo Hondo's trade relationships with 
other towns and districts in the northern Rio Grande. By comparing data 
from the early (Component I, ca. A.O. 1300-1350) and late (Component II, 
ca. A.O. 1370-1420) construction phases at the site, I could trace temporal 
changes in the structure and pattern of these regional relationships. 

Pottery Manufacture and Trade at Arroyo Hondo 

The oldest deposits at Arroyo Hondo Pueblo are characterized by a high 
percentage of Santa Fe Black-on-white pottery. Throughout much of the 
thirteenth century, Santa Fe Black-on-white was the dominant decorated 
ceramic type on sites stretching from the Taos Valley to areas south of 
Albuquerque and from the Jemez Mountains on the west to the eastern 
slopes of the Sangre de Cristo Mountains (fig. 7-4). As a type, Santa Fe 
Black-on-white is characterized by broad, regional, stylistic uniformity 
(i.e., similarity in specific motifs and overall design structure), contrast­
ing with a high degree of local compositional and technological variation. 
Warren (1976), for example, identified at least 35 distinct temper varieties 
for Santa Fe Black-on-white. Her findings indicated that throughout the 
northern Rio Grande, potters produced these ceramic vessels using lo­
cally available resources while adhering to widely accepted regional 
canons of ceramic style. 

All of the Santa Fe Black-on-white vessels found at Arroyo Hondo 
probably reached the town as a result of trade with neighboring commu­
nities to the north. Most of the pottery was made from silty sedimentary 
clays that are scattered throughout the Tesuque Formation of the Espanola 
Basin (fig. 7.5a). Furthermore, about half the samples tested were tem­
pered with a very fine, white, volcanic ash that is also interbedded in this 
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Figure 7.4 Distribution of Santa Fe Black-on-white pottery during the thir­
teenth century. 

formation (Galusha and Blick 1971; Spiegel and Baldwin 1963). Tewa 
potters in the area continued to use this same basic suite of raw materials 
into the historical era (Guthe 1925). 

The XRF results indicate that most of the Santa Fe Black-on-white 
sherds sampled from Arroyo Hondo fall within a single analytic cluster 
(fig. 7.5b). Petrographic analyses suggest that the relatively crude XRF 

technique used in this study may not have been sensitive enough to de­
tect subtle differences among distinct, yet geologically similar, sources of 
clay and temper from locations throughout the Espanola Basin, thus 
masking potentially significant variability within the type. Three to five 
additional analytic sources, however, may be distinguishable on the XRF 

plot. These secondary sources appear to have been more important dur­
ing the first component (solid points on plot) and are characterized by 
generally higher strontium counts but exhibit a diverse range of zirco­
nium counts. 
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Figure 7.5a Santa Fe Black-on-white temper categories. 
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Figure 7.6 Primary distribution of local decorated pottery styles in the north­

ern Rio Grande region, ca. A .D. 1300. 

Around the turn of the fourteenth century, there appears to have been 

a rapid proliferation of local black-on-white pottery styles throughout 

the northern Rio Grande (fig. 7.6). This pattern is clearly reflected at Ar­

royo Hondo where, after ca. A .D. 1310, the frequency of Santa Fe Black­

on-white dropped precipitously in favor of a variety of both local and 

imported black-on-white pottery types (Lang 1993). 

The mineralogical and chemical data, in conjunction with regional 

distributional studies, indicate that two minor varieties of black-on­

white pottery were produced locally at or near Arroyo Hondo Pueblo. 

Making up 24 percent of the Component I and 16 percent of the Compo­

nent II decorated assemblage, Rowe Black-on-white: Poge Variety is the 

characteristic local pottery type at Arroyo Hondo. The distribution of 

Rowe Black-on-white and its variants is limited primarily to a crescent 
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that extends from the upper Pecos River, around the southern and west­
ern flanks of the Sangre de Cristo Mountains and up the Santa Fe River, 
to the vicinity of Santa Fe. The Poge Variety is distinguished from the 
classic variety of Rowe Black-on-white by the use of lithic sand or a mix­
ture of lithic sand and sherd as temper (fig. 7.7a). The sources of this lithic 
sand were probably any of several local stream beds that carry erosional 
materials from the Precambrian formations of the Sangre de Cristo Moun­
tains to the piedmont surrounding Arroyo Hondo. The relatively tight 
X-ray signature for Rowe Black-on-white: Poge Variety from Arroyo 
Hondo also suggests local production by potters who used geologically 
similar sources of raw materials (fig. 7.7b). 

For a brief period during the middle of the fourteenth century, potters 
at Arroyo Hondo produced a local variant of the ash-tempered pottery of 
their neighbors in the Espanola-Chama district to the north. Santa Fe 
Black-on-white: Pindi Variety accounts for as much as 35 percent of the 
decorated pottery assemblage from Arroyo Hondo dating to the 1330s, 
but is found in only trace quantities in the Component II assemblage 
(Lang 1993). Pindi Variety pottery was tempered with coarse pumiceous 
ash from deposits that outcrop along the upper wall of Arroyo Hondo 
canyon, adjacent to the pueblo (fig. 7.8a). Distinct analytic sources are not 
distinguishable on the XRF plot, which supports the mineralogical evi­
dence for local production (fig. 7.8b). 

The spatial distribution of Santa Fe Black-on-white: Pindi Variety par­
allels that of Rowe Black-on-white: Poge Variety (fig. 7.6). Both varieties 
are not commonly found outside the Santa Fe area, suggesting that they 
were produced primarily for local consumption and were not exchanged· 
in large quantities with other pueblos in the region. 

The two most common imported white wares at Arroyo Hondo are 
Wiyo Black-on-white and Galisteo Black-on-white. Wiyo Black-on-white 
makes up 18 percent and 20 percent of the Component I and Component 
II decorated assemblages, respectively. This pottery type is characterized 
by fine-textured pastes tempered with volcanic ash, which may have been 
obtained from any of the numerous lenses that dissect the Tesuque For­
mation north of Santa Fe (fig. 7.9a). The diffuse X-ray signature of Wiyo 
pottery from Arroyo Hondo suggests that potters produced these vessels 
using a wide variety of analytic sources of raw materials from within the 
Espanola-Chama district of New Mexico (fig. 7.9b). A similar chemical 
signature characterizes the secondary analytic categories recorded for 
Santa Fe Black-on-white (fig. 7.5b), suggesting that this signature may be 
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associated with those areas of the Espanola-Chama district where Wiyo 
Black-on-white became the dominant decorated ceramic type after A.o. 

1300. The diffuse signature for Wiyo pottery also suggests that no single 
analytic source dominated the production or trade of these vessels 
throughout the northern RiQ Grande Valley. 

Galisteo Black-on-white pottery reached its peak of popularity at 
Arroyo Hondo during the 132os and 133os when, in some contexts, it ac­
counted for as much as 6o percent of the decorated pottery (Lang 1993). 
The classic variety of Galisteo Black-on-white pottery is characterized by 
the addition of crushed sherd as temper (fig. 7.1oa). Unfortunately, sherd 
temper is of little help in sourcing ceramic materials mineralogically be­
cause pottery crushed for temper can be of either local or imported ori­
gin. The known distribution of the type, however, suggests that produc­
tion was centered in the Galisteo Basin, south of Arroyo Hondo (fig. 7.1). 
The highly distinct, light gray to white pastes that characterize Galisteo 
Black-on-white sherds from Arroyo Hondo are diagnostic of the light-fir­
ing Cretaceous clays of the Galisteo Basin, also indicating that this region 
is the most likely source for most of this material (Kidder and Shepard 
1936). As with Wiyo Black-on-white pottery, the diffuse X-ray signature 
of Galisteo Black-on-white ceramics from Arroyo Hondo suggests that 
this pottery was produced at several analytically distinct sources within 
the Galisteo Basin (fig. 7.10b). · 

Red-slipped, glaze-painted pottery was first produced in the Rio 
Grande Valley at sites near Albuquerque around the tum of the four­
teenth century (fig. 7.6). These early glazes are characteristically tem­
pered with dark crushed sherd containing lithic fragments of mica schist 
(Shepard 1942). Schist-tempered sherd characterizes less than 1 percent 
of all the glaze-on-red pottery analyzed from Arroyo Hondo (fig. 7.12a). 
Many of these sherds represent very early transitional glaze ware types 
(i.e., Los Padillas Glaze-on-red) that reveal strong stylistic ties to western 
glazes, such as Heshotauthla Polychrome from the Acoma-Laguna area. 

In general, glaze-painted pottery was not widely distributed in the 
northern Rio Grande until around A.O. 1340 to 1350, when it suddenly be­
came a common imported ware on sites throughout much of the region. 
At this time, production of glaze-painted ceramics also seems to have ex­
panded beyond the Albuquerque district (fig. 7.11) to areas such as the 
Santo Domingo and Galisteo basins (Shepard 1942). At Arroyo Hondo, 
glaze ware was not present in significant quantities until after A.o. 1340, 
or toward the very end of the Component I occupation. The ware dramat-



Arroyo Hondo (LA 12)-Galisteo B/W 
Temper Categories 

~ Sherd 

D Miscellaneous 

Figure 7.10a Galisteo Black-on-white temper categories. 

;f. 

"' 

Arroyo Hondo (LA 12)-Galisteo B/W 

60 .-----------------, 

50 

40 

30 

20 

10 

0 
0 10 20 30 

Zr% 

40 

□ 

50 60 

Figure 7.10b Galisteo Black-on-white XRF analysis. 

■ Sherd (1) 

□ Sherd (2) 



Pottery Manufacture and Trade in the Northern Rio Grande 183 

ically increased in popularity at the beginning of the second component 
and peaked around the turn of the fifteenth century, at which time it may 
have represented more than 35 percent of the decorated ceramic assem­
blage (Lang 1993). Imported and local white wares, however, continued 
to dominate the assemblage until the site was abandoned in the 1420s. 

Two major geologic sources of glaze-painted ceramics are represented 
at Arroyo Hondo (fig. 7.12a). Forty-three percent of the Glaze A Red 
sherds from the site are tempered with one of a variety of intermediate 
volcanic rocks that are diagnostic of glaze-painted pottery produced in 
the Galisteo Basin (Shepard 1942; Warren 1970, 1976, 1981). More than 50 
percent of the sherds are tempered with fine crystalline basalt or basalt­
tempered sherd, most likely from Santa Ana Mesa, near San Felipe Pueblo 
(Warren 1976, 1979) in the Santo Domingo district south of Cochiti 
(fig. 7.1). These results corroborate previous petrographic studies (e.g., 
Shepard 1942; Warren 1970) that demonstrated that these two districts 

Figure 7.11 Distribution of early glaze ware production in the northern Rio 
Grande region, ca. A.O. 1350-1450. 
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dominated the production and trade of early glazes throughout the 
northern Rio Grande. 

The XRF plot of Glaze A Red pottery from Arroyo Hondo shows a 
striking pattern (fig. 7.12b). Three distinct clusters are clearly distinguish­
able on the scatter plot. Each of these analytic sources correlates with one 
of the three archaeological districts (i.e., Albuquerque, Santo Domingo, 
and Galisteo) identified petrographically as major production areas for 
early glaze-painted pottery. Within each analytic cluster, the chemical 
signature appears to be relatively homogeneous, in contrast to the over­
all diffuse signatures that characterize the imported white wares from 
the site (compare figs. 7.9b, 7.10b, and 7.12b). This pattern may indicate a 
greater degree of standardization in resource selection and use within 
each district than was recorded for the imported white wares. However, 
it may also be simply an artifact of the inability of the XRF analysis to dis­
tinguish between closely related geologic sources of raw materials. 

In either case, the glaze ware data do seem to reflect a fundamental 
shift in ceramic production and trade in the northern Rio Grande. As 
noted above, the inhabitants of Arroyo Hondo appear to have gotten 
most of their earlier black-on-white decorated pottery from either local 
potters or through trade with their immediate neighbors in the Espanola 
and Galisteo districts. In contrast, the predominance of glaze-painted 
pottery from the more distant Santo Domingo district, found in later con­
texts at Arroyo Hondo, suggests that the size and scope of ceramic trade 
networks expanded dramatically after A.O. 1350. The chemical data also 
suggest that, unlike the black-on-white pottery, highly localized glaze­
painted pottery styles were not produced in each archaeological district. 
Instead, very similar early glaze ware vessels were made at only a few 
villages within two or three districts and then traded in large quantities 
over broad areas of the region. 

Interpretation 

The seriational and compositional data summarized above indicate that 
most of the decorated pottery from both occupational components at Ar­
royo Hondo was imported to the site from other areas in the northern Rio 
Grande (fig. 7.13). Changes in the relative frequencies of imported deco­
rated ceramic types and their sources of manufacture, recorded at Arroyo 
Hondo, reflect broader structural changes in the organization of economic 



Arroyo Hondo (LA 12)-Glaze A Red 
Temper Categories 

Figure 7.12a Glaze A Red temper categories. 

Arroyo Hondo (LA 12)-Glaze A Red 
60 .-------------------, 

50 

40 

'cfl. 30 
(/) 

20 

10 

0 

0 • 
0 

0 

".:> • 

• 
• 

t 6. ~, 
6. • ++ 

+ 

o~~~-~~~-~~-~~~-~~ 

0 10 20 30 40 50 60 

Zr% 

Figure 7.12b Glaze A Red XRF analysis. 

• 
• 
+ 
6. 

0 

~ Basalt 

II Latite 

D Sherd (Schist) 

D Miscellaneous 

Basalt (1) 

Latite (1) 

Schist-Tempered Sherd 

Basalt (2) 

Latite (2) 



186 Habicht-Mauche 

Sources of Pottery from Arroyo Hondo Pueblo (LA 12) 
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Figure 7.13 Sources of decorated pottery from Arroyo Hondo Pueblo. 

and social relations throughout the northern Rio Grande during the four­
teenth century. 

During the preceding century, northern Rio Grande settlement had 
been characterized by small dispersed communities located in a variety 
of topographic settings. To compensate for spatial, seasonal, and annual 
variability in the distribution of wild resources and the productivity of 
farmland, each group needed to maintain access to a broad range of 
diverse territory. It would have been extremely difficult, if not impossi-
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ble, for such small, unconsolidated communities to establish and maintain 
exclusive-use rights to areas far from their main settlements (Anschuetz 
1987:154). Instead, a fairly broad, open network of social relations among 
communities would have been essential to ensure that groups had mu­
tual access to neighboring foraging territories and to information about 
the availability and distribution of food resources outside their home 
ranges. The widespread distribution of Santa Fe Black-on-white pottery 
throughout the northern Rio Grande during much of the thirteenth cen­
tury may be a reflection of just such a network. 

Around the turn of the fourteenth century, distinct local variants of 
the generic black-on-white ceramic style replaced the ubiquitous Santa 
Fe Black-on-white throughout the northern Rio Grande. Many of these 
new pottery types share several traits that are generally believed to have 
been derived from a common Mesa Verde style (Douglass 1985; Lambert 

1954; Lang 1982; Mera 1935; Stubbs and Stallings 1953; Sundt 1987; 
Wendorf and Reed 1955). Traits diagnostic of this style include thick, 
polished, and crackled slips; rounded or flattened rims; rim ticking; 

paneled-band design layouts; a preference for solid design elements; the 
use of secondary design elements, such as dots, dashes, and ticks; and 
the use of sherd and crushed rock tempers (Douglass 1985; Lang 1982: 
178). The appearance of this style in the northern Rio Grande is generally 
cited as evidence for the arrival of Mesa Verde immigrants (Lang 1982; 
Wendorf and Reed 1955). However, the adoption, modification, and 
spread of the several variants of this style may have resulted more from 
the dynamics of intergroup relations within the northern Rio Grande Val­
ley than from the mere arrival of immigrants. 

Immigrants from the Northern San Juan region may have been drawn 
to the northern Rio Grande Valley by the promise of potentially rich 
farmland along permanent rivers and streams. However, a large influx of 
population into the area would have placed increasing stress on limited 
agricultural resources. Around the turn of the fourteenth century, there 
was a dramatic shift in settlement patterns in the northern Rio Grande. 
Many smaller sites, especially those in more marginal upland locations, 
were abandoned in favor of large aggregated communities, such as 
Arroyo Hondo, located on land of relatively high agricultural potential 
along permanent drainages. This shift can be interpreted as a direct re­
sult of continued population expansion in the region and the concomi­
tant competition for limited arable land and natural resources (Cordell et 

al. 1984; Hunter-Anderson 1979). 
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The agricultural productivity of these well-watered lowland sites 
could have been intensified through the construction and maintenance of 
water diversion and conservation facilities or through the more efficient 
organization of the increased labor pool from these large aggregated set­
tlements (e.g., Stone et al. 1990). Aggregation may have also promoted 
and facilitated the development of more formalized systems of food 
sharing, land tenure, and territorial boundary maintenance (Hunter­
Anderson 1979; Kohler 1989). 

Increased territorial circumscription, however, would have intensified 
competition and conflict between communities by limiting people's ac­
cess to widely dispersed and scattered resources. The presence of conflict 
among the Classic period residents of the northern Rio Grande is re­
flected in the depiction of shield-and weapon-bearing figures in the rock 
art of the time (e.g., Adams 1991; Schaafsma 1990) and in the defensive 
layout of many villages and settlement clusters (Mera 1934; Peckham 
1984). Further evidence of the endemic nature of intergroup conflict 
among the Eastern Pueblos is the central focus on war themes in their 
mythology and the traditionally high status of "war chiefs" and warrior 
societies in many Rio Grande communities. War and warrior society 
symbolism are also common themes in northern Rio Grande kiva murals 
dated to the Classic period (Adams 1991). 

Aggregated settlements would have provided inhabitants with greater 
security and protection against raids, and the abandoned upland areas 
may have acted as buffer zones that physically separated competing local 
groups. Settlement during the early Classic period was characterized by 
the presence of discrete clusters of large aggregated villages within each 
of the major tributary drainages along the northern Rio Grande and Up­
per Pecos rivers. These settlement clusters probably represent emerging 
ethnic alliances, bound by loose networks of kinship ties and reciprocal 
social and ritual obligations. Such ties would have promoted cooperation 
among allied settlements in the face of competition and conflict with 
neighboring groups. Intergroup competition would have also fostered 
an increasing emphasis on social and territorial boundary maintenance 
as a means of strengthening group identity and structuring intergroup 
relations. 

Thus, the northern Rio Grande region during the early fourteenth cen­
tury appears to have been characterized by a fragmentation of the cul­
tural landscape that reflected the emergence of several larger and more 
consolidated local ethnic alliances. The presence of these new social 
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groups was marked by the sudden appearance of a plethora of highly 
localized, black-on-white ceramic styles throughout the region. The man­
ufacturing area for each of these local styles (fig. 7.6) corresponds, more 
or less, with the boundaries of cultural provinces or districts, identified 
archaeologically on the basis of similarities in other aspects of material 
culture, architecture, and settlement pattern, which also became appar­
ent at that time. 

The frequency and distribution of these various pottery styles at 
Arroyo Hondo and other contemporaneous sites indicate that large quan­
tities of decorated ceramics were exchanged between villages within dis­
tricts, as well as between neighboring villages in adjacent districts. There 
is little evidence, however, of extensive, regularized, long-distance trade. 
Although some large towns, such as Arroyo Hondo, appear to have pro­
duced few of their own black-on-white ceramics, no data indicate that 
any one village or district ever controlled or dominated trade in these 
wares. Black-on-white pottery appears to have been produced largely for 
local consumption or changed hands as part of fairly generalized ex­
changes between closely neighboring communities. 

There is also little evidence for craft specialization, i.e., the standard­
ization of production and decoration of these various black-on-white 
types. For example, the two most common imported white ware types at 
Arroyo Hondo-Galisteo Black-on-white and Wiyo Black-on-white-are 
both characterized by a high degree of variability in vessel form and size, 
surface treatment, content and complexity of decoration, and overall 
quality of workmanship. This same lack of standardization has been 
recorded for imported Santa Fe-Wiyo vessels recovered from the nearby 
site of Pindi Pueblo (Hagstrom 1985). 

Around A.D. 1300 a new style of pottery, featuring vitrified glaze­
painted decorations on a red-slipped background, began to be produced 
in the Albuquerque district of the northern Rio Grande region. The wide 
variety of technical skill and decoration that characterize these early glazes 
suggests an era of experimentation with a new and unfamiliar technol­
ogy (Snow 1976:8179). By the middle decades of the century, however, 
the production of Glaze A Red pottery became highly standardized, 
reaching a level of craftsmanship that far surpassed that of the preceding 
white ware tradition in the area (Kidder and Shepard 1936; Lambert 1954). 

Also at about that time, glaze ware ceramics achieved widespread 
popularity throughout the northern Rio Grande region (Kidder and 
Shepard 1936; Mera 1940; Shepard 1942; Stubbs and Stallings 1953). 
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Along with the Albuquerque district, the Santo Domingo and Galisteo 
districts emerged as important early centers for the production and trade 
of this new pottery type (Shepard 1942; Warren 1969, 1976, 1979; fig. 
7.11). This trend is reflected in the Glaze A Red assemblage from Arroyo 
Hondo, which is dominated by basalt- and latite-tempered pottery from 
the Santo Domingo and Galisteo districts, respectively (fig. 7.12a). 

Glaze technology is very complex and requires special resources, such 
as lead, that are extremely limited in their distribution. Centers of pro­
duction and trade probably developed in those areas where potters con­
trolled access to both the new technology and the necessary resources. 
Not only was production of early glaze-painted pottery limited to a 
small number of districts, but fewer villages within each district may 
have been involved in ceramic production and trade. This trend toward 
increasing community specialization may be reflected in the widespread 
distribution of a few exotic temper types, as well as in an apparent in­
crease in the mineralogical and chemical homogeneity that characterizes 
each temper category. 

Unfortunately, archaeologists do not yet possess the necessary micro­
provenience data that would allow them to pinpoint actual production 
centers within districts or to analyze the actual organization of produc­
tion, i.e., the division of labor and resources among individuals or groups 
within these communities (Rice 1984). The limited production and wide­
spread trade of the early glazes do, however, appear to represent a shift 
in the basic mode of ceramic production in the northern Rio Grande from 
the level of "household production," largely for local domestic consump­
tion, to that of a "household industry," with pottery being produced as a 
commodity specifically for trade (Rice 198T184). 

Despite the widespread popularity of glaze ware ceramics, local 
black-on-white types continued to be produced in several areas in the 
northern Rio Grande. In general, these Classic period black-on-white 
ceramics were produced for local consumption and were not traded ex­
tensively beyond their home districts. The biscuit wares produced after 
A.D. 1370 in the Espanola-Chama district, however, are a notable excep­
tion to this general pattern. Both Abiquiu and Bandelier Black-on-white 
reflect a level of standardization and efficiency of production and design 
that is generally associated with more specialized modes of production 
(Hagstrum 1985; Kidder and Shepard 1936; Snow 1976:8177). There also 
appears to have been a trend toward community specialization in the 
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biscuit ware area, similar to that suggested for the glaze wares. Biscuit 
wares were also traded widely throughout the northern Rio Grande, al­
though in not nearly as great a quantity as the contemporaneous glaze 
wares (e.g., Kidder and Amsden 1931). 

Regional ceramic trade was part of a broader network of social and 
economic interaction that linked the various districts of the northern Rio 
Grande Valley during the late fourteenth century. This new regional sys­
tem probably emerged in response to the increasing fragmentation of the 
cultural landscape during the first half of the century. The development 
of this regional network would have stabilized intergroup relations and 
reduced competition and conflict by ameliorating the negative effects 
that decreasing seasonal mobility and increasing territoriality had on the 
subsistence base of local communities. In particular, the ceremonial net­
work and reciprocal social obligations that sustained these economic 
transactions would have helped to forge important interdependent links 
among individuals, communities, and ethnic groups. In times of crop 
failure, food shortage, or other local crisis, these networks would have 
provided an established structural context through which communities 
and individuals could have gained access to the more abundant resources 
of other districts (Ford 1972; Snow 1981). 

The stability and interdependence of such nonhierarchical alliances 
are often sustained through a process of complementarity and reciproc­
ity (Barth 1969; Braun and Plog 1982; Sahlins 1968). In particular, the ex­
change of localized resources is typically a central feature of such inter­
actions. If resources are fairly homogeneous throughout a given region, 
then complementarity may be established through role differentiation 
and the subsequent exchange of specialized goods and services. 

Archaeological evidence for the emergence of such a complementary 
network of regional integration and economic interdependence is re­
flected in the widespread distribution of locally circumscribed raw mate­
rials and exotic goods obtained in trade with groups living outside the 
northern Rio Grande. Historical, ethnographic, and archaeological evi­
dence suggest that some districts also may have specialized in the pro­
duction of certain craft items, such as basketry, textiles, leather goods, or 
pottery (Snow 1981; Wilcox 1984). The restricted production and wide­
spread distribution recorded for the early Rio Grande glazes probably 
signal the development of such a system of regional integration during 
the late fourteenth century. 
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This regional system of production and exchange can be thought of as 
a form of craft specialization in the sense that it involved regulation of 
the manufacture, distribution, and use of some material by a particular 
group within a society via certain socially instituted mechanisms (Rice 
1984). This type of specialization was defined by two general processes 
of intensification. First, in the process of community specialization (Rice 
1991), as noted above, each district focused on the exploitation or pro­
duction of specific raw materials or craft items. This process would have 
fostered a sense of complementarity and interdependence among di­
verse communities. Second, in the process of commodification, materials 
that had previously been produced primarily for local domestic con­
sumption were produced in increasingly large quantities specifically for 
trade between communities. Commodities are defined here as "objects of 
value," with value being constituted within specific social and economic 
interactions (Appadurai 1986). Both of these processes are interrelated 
and appear to have occurred simultaneously in the northern Rio Grande 
around the middle of the fourteenth century. 

Similar large-scale regional networks in the Southwest have been in­
terpreted as being controlled by the village leadership or a specific group 
of elite individuals (e.g., Lightfoot 1984; Upham 1982). Such a model 
does not fit the data from the northern Rio Grande for several reasons. 
Most of the materials exchanged between districts were relatively utili­
tarian craft products and raw materials whose distribution does not ap­
pear to have been limited to any particular segment of society. Also, there 
is no archaeological evidence at Arroyo Hondo, or at the other large early 
Classic period pueblos in the northern Rio Grande, of wealth accumu­
lation, architectural differentiation, or the other status differences one 
would generally associate with the control of valuable commodities 
within a ranked or stratified society. Furthermore, no evidence of central­
ized workshops or storage facilities have been identified from any of 
these sites. 

Craft production, although increasingly commoditized, appears to 
have remained largely a household industry under the control of indi­
vidual artisans and their families. The continuing control of the basic 
means of production by independent family units within an economic 
system characterized by increasing complementarity and interdepen­
dence on a regional scale is a diagnostic feature of tribal systems of social 
integration (Habicht-Mauche et al. 1987; Sahlins 1968; Service 1971). 
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Conclusions 

The fourteenth century was marked by fundamental changes in the 
structure and scale of northern Rio Grande society. The early Classic pe­
riod was characterized by a dramatic rise in local population, settlement 
aggregation into large clustered villages, increasing differentiation of lo­
cal, competing ethnic groups, and finally, the emergence of a regional 
tribal system of social and economic integration. These fundamental 
transformations in the cultural landscape of the northern Rio Grande re­
gion can be traced in the changing patterns of ceramic manufacture and 
trade, as recorded at large Classic period sites, such as Arroyo Hondo. 

Toward the end of the fourteenth century, the earlier pattern of ce­
ramic distribution in the northern Rio Grande, characterized by wide­
spread production and local exchange, was replaced by one character­
ized by a few specialized production centers and trade over increasingly 
large distances. The role of decorated pottery shifted from that of a do­
mestic craft produced largely for local consumption to that of a special­
ized economic commodity. The proliferation of local ceramic styles that 
marked the emergence of competing ethnic groups during the early four­
teenth century was superseded by the end of the century, when a uni­
form ceramic style developed. The distribution of this style signaled the 
incorporation of these groups into a highly integrated economic system 
that formed the basis of a regional tribal alliance. 
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Note 

1. Sr%= (Sr/[Fe+Zr+Sr]) X 100; Zr%= (Zr/[Fe+Zr+Sr]) X 100 
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8 
The 01'(Janization of Protohistoric 
Zuni Ceramic Production 

Barbara J. Mills 

In this chapter, I summarize previous interpretations of late 
prehistoric and early historical Zuni socio-economic organization, and I 
test these with variables of ceramic production. I use compositional and 
morphological data collected from the two decorated wares of the Proto­
historic period at Zuni-Matsaki Buff Ware and Zuni Glaze Ware-to 
track changes in the organization of ceramic production across the pe­
riod of initial European contact. The results of these analyses indicate the 
presence of changes between the pre- and post-Contact decorated assem­
blages. These changes, however, are not in the direction one would ex­
pect, given previous models for protohistoric Zuni economic organiza­
tion. Instead, European impact on the organization of Zuni ceramic 
production appears to have resulted in little change in spatial, morpho­
logical, and technological variation during the period of initial contact in 
the sixteenth century. This changed in the seventeenth century when one 
ware, Zuni Glaze Ware, was produced under more restricted conditions 
that may represent a shift toward greater specialization in production. 
Both compositional and morphological data contribute to the under­
standing of the organization of production, but with varying results. 
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Protohistoric Zuni Settlement and Economic Organization 

The Zuni region of west-central New Mexico and east-central Arizona 
has an archaeological sequence extending from ca. 6000 B.C. to the pres­
ent. As in other areas of the Colorado Plateau, settlement patterns in the 
Zuni area underwent considerable change through time, from small, dis­
persed sites to larger, aggregated settlements during the late prehistoric 
period. This transition took place in the mid-A.D. 1200s in the Zuni area 
(Ferguson and Hart 1985; Ferguson and Mills 1982; Kintigh 1985; LeBlanc 
1989; Watson et al. 1980; Woodbury 1956, 1979). From A.D. 1275 to 1450, 
several large sites were occupied, some of which had hundreds of rooms. 
Although large, each of these late prehistoric pueblos was probably oc­
cupied for only about 50 years (Kintigh 1985). 

During the mid-fifteenth century, a new pattern of settlement stability 
emerged: durations of site occupation were at least twice as long as in 
previous periods (Kintigh 1990). This stable residential pattern continued 
throughout the Protohistoric period-the fifteenth through the seven­
teenth centuries-a period that includes initial European contact with 
the pueblos of the Southwest. 

Nine Zuni villages are known to have been occupied between the 
mid-fifteenth and mid-seventeenth centuries (Kintigh 1990). When the 
first Europeans entered the Southwest in the mid-sixteenth century, 
searching for the fabled "Cities of Cibola," they reported six occupied 
villages. The work of several historians have resulted in the concordance 
of these names with their modern Zuni equivalents: Hawikku,1 Kechi­
ba:wa, Kwa'kin'a, Halona:wa (present-day Zuni Pueblo), Mats'a:kya, 
and Kyaki:ma (Bandelier 1892; Ferguson 1981; Hodge 1926, 1937). An­
other site, Binna:wa, was apparently abandoned in the early sixteenth 
century, just before the first Europeans entered the area. In addition, at 
least two other sites, Chalo:wa and Ah:kya:ya, are thought to have been 
occupied during the sixteenth century, based on recently collected ar­
chaeological evidence (Anyon 1992; Kintigh 1990). All nine sites were 
abandoned for habitation purposes by the Pueblo Revolt of 1680, when 
most of the tribe retreated to the top of Dowa Yallanne-a major consoli­
dation into one village that has continued to the present time. 

One of the most salient features of the sites of the Protohistoric period 
is their segregated spatial distribution (fig. 8.1). There is an eastern cluster 
of five sites around and south of present-day Zuni Pueblo and a western 
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cluster of three sites in the southwestern corner of the Zuni Indian Reser­
vation. The four largest sites (Mats' a:kya, Hawikku, K yaki:ma, and Kechi­
ba:wa) are equally divided between the two clusters. Only one relatively 
small site, Kwa'kin'a, is located in the 20 km separating the two clusters. 
The spatial pattern is at least partially conditioned by the presence of 
permanent water; the Zuni River currently runs underground in the area 
between the two clusters during most of the year. 

Considerable controversy surrounds the interpretation of the level of 
socio-economic complexity in protohistoric Puebloan society, including 
the Zuni area. Two major views persist. Some researchers see few differ­
ences between ethnographic descriptions of relatively egalitarian nine­
teenth- and twentieth-century Zuni society and the existing archaeologi-
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cal and ethnohistoric data on fifteenth- through seventeenth-century Zuni 
society. According to this view, protohistoric Zuni social structure was 
unstratified, authority was uncentralized, population was in the few 
thousands, and the scale of production was relatively simple and unspe­
cialized (e.g., Riley 1987). 

Other researchers have suggested that the organization of protohis­
toric Zuni society was very different from that of the nineteenth and 
twentieth centuries. According to this view, the pre-Contact western 
pueblos (including Zuni) were socially stratified, had a centralized polit­
ical structure, and were governed by an elite that controlled the produc­
tion and distribution of certain goods (Upham 1982:32). Demographic 
changes produced by the introduction of European diseases are seen as 
a major factor in the change to the more egalitarian social structures 
documented by anthropologists in the nineteenth and twentieth centuries. 

Although there is little doubt that Europeans brought infectious dis­
eases to the New World, the absolute effects for populations in the South­
west are not well known. The effects have been interpreted as "cata­
strophic" for eastern North American populations (Ramenofsky 1987: 
173) and "drastic, extensive, and fundamental" for the Rio Grande pueb­
los (Lycett 1989:119). Direct evidence from Zuni itself is lacking because 
of continuous occupation at the Contact period sites. However, based on 
a combination of ethnohistoric and archaeological data, Kintigh (1990: 
270-271) suggested that there was a period of post-Contact depopula­
tion, but that it was probably not as extensive as Upham's (1982) recon­
struction. 

A major stumbling block to the resolution of this controversy is the 
dearth of new research on Protohistoric period sites in the Zuni area. One 
observer, speaking of the entire Southwest, has commented that the cur­
rently available data on the Protohistoric period are elusive enough to 
support opposing interpretations with the same evidence (Doelle 1990: 
227). This observation is as valid for the Zuni area as it is for any other 
area of the Southwest. It is clear that if the controversy about protohis­
toric Zuni is to be resolved, new questions must be asked of new data. 

One question that has not yet been addressed with new data is the 
economic organization of protohistoric Zuni society. Because the produc­
tion, use, and distribution of goods form an important part of many 
arguments about the nature of protohistoric society, an in-depth study 
of Zuni economic organization is warranted. Here, I focus on one aspect 
of economic organization--ceramic production. I contrast differences 
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between pre- and post-Contact ceramic assemblages to address ques­
tions about the social context of production. 

Standardization and Specialization 

The methods used to measure change in economic organization are 
based upon linkages between the organization of production and the 
measurement of variability in ceramic assemblages. I particularly draw 
upon ideas about linking increases in standardization of ceramic vessels 
with the interpretation of changes in productive specialization. Special­
ization is defined here as differences in production along a continuum of 
the producer-consumer ratio rather than as modes of full- vs. part-time 
producers. Specialization in ceramic production is itself not directly mea­
sured but is inferred from other attributes that can be directly measured. 

Two of the most frequently cited indicators of ceramic specialization 
are standardization (or reduction in diversity) in the selection and prepa­
ration of ceramic raw materials and standardization in the finished prod­
ucts (e.g., Costin 1991; Costin and Hagstrum 1995; Hagstrum 1985; Long­
acre et al. 1988; Rice 1981, 1991; Sinopoli 1988; Stein and Blackman 1993; 
see also Stark, this volume). Ethnoarchaeological research tends to sup­
port the linkage between specialization and standardization, but re­
searchers have offered important caveats. First, Rice (1991) pointed out 
that there is no decontextualized measure of standardization. It is a rela­
tive concept that can only be defined by comparison of cases. Second, 
Longacre et al. (1988) recognized that similar functional classes should be 
analyzed to control for differences in standardization across shape and 
size classes. Third, Stark (this volume) has pointed out that the underly­
ing variable of changes in standardization is the ratio of producers to 
consumers; any change in the relative number of producers to con­
sumers will produce changes in measures of standardization. 

With these caveats in mind, I use the concept of standardization as 
a bridge between the analysis of ceramic artifacts and interpretations 
about the relative degree of productive specialization. I define standard­
ization as a reduction in variation, which can be identified through 
greater homogeneity in the materials used or in morphological attributes 
of the finished products. In this chapter, the concept of standardization is 
applied to pre- and post-Contact Zuni ceramic assemblages. I address 
the first of the above problems by using temporal variation to compare 
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relative standardization in ceramic production. I address the second 
problem by controlling for functional classes on the basis of attributes of 
vessel form. I have not controlled for the third problem, known as the 
"ratio effect" (Stark, this volume), in the analysis. This effect is, in fact, 
the independent variable of interest for measuring the organization of 
production: the ratio of producers to consumers. 

The Database 

Archaeological excavations have been conducted at only three of the 
nine Zuni sites occupied between A.O. 1450 and 1680: Hawikku, Kechi­
ba:wa, and Halona:wa. Because of the depth of more recent historical de­
posits at the latter site (Ferguson and Mills 1982; Spier 1917), the charac­
ter of the pre-Revolt occupation is unknown. The results of excavations 
at Kechiba:wa, conducted between 1919 and 1923 by Cambridge Univer­
sity, were only preliminarily reported (Bushnell 1955; Hodge 1920a, 
1924a). Excavations at the site of Hawikku, conducted by Frederick Webb 
Hodge between 1917 and 1923, are better documented than the work at 
Kechiba:wa (Hodge 1918a, 1918b, 1920b, 1921a, 1921b, 1922, 1924b, 
1924c, 1939, 1952; Smith et al. 1966). Thus, nearly all excavation data from 
protohistoric Zuni sites are from the western cluster alone. 

In this chapter, I combined data collected from the analysis of surface, 
subsurface, and geologic samples. Ceramics were collected from surface 
proveniences at all protohistoric Zuni sites except for Halona:wa and 
Ah:kya:ya. The subsurface collection used in this study includes all 
whole, decorated vessels excavated from the site of Hawikku by Freder­
ick Webb Hodge (curated by the National Museum of the American 
Indian) and those excavated from the site of Kechiba:wa by Louis Clarke 
(curated by Cambridge University). Geologic samples were collected 
from clay-bearing formations in the western portion of the Zuni Indian 
Reservation surrounding each protohistoric site. 

Chronological Control 

Relative chronological control of protohistoric Zuni ceramics is possible 
through the use of formal and stylistic attributes of the two major 
painted wares produced at Zuni during the fifteenth through seven-
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Figure 8.2 Major form classes for protohistoric Zuni ceramics: (a) hemispheri­
cal bowl, (b) shouldered bowl, (c) globular jar, and (d) shouldered jar. 

teenth centuries: Zuni Glaze Ware and Matsaki Buff Ware. Based on 

Hodge's initial work at Hawikku and Richard and Nathalie Woodbury's 
synthesis (Woodbury and Woodbury 1966), early and late types of glaze 
ware may be differentiated by paint, slip, vessel form, and field of deco­
ration. Application of the chronological classification of glaze ware vessel 

forms and decorative fields to buff ware vessels allows a similar division 

of the buff ware into early and late vessels. 
Early Zuni Glaze Ware types are largely white-slipped (Pinnawa 

Glaze-on-white, Pinnawa Red-on-white2, and Kechipauan Polychrome), 

whereas late Zuni Glaze Ware vessels are slipped red, or red and white 

(Hawikuh Black-on-red and Hawikuh Polychrome). Hodge was the first 

to recognize a temporal gap in the production of early and late glaze 

ware ceramics from the Zuni area. His stratigraphic and burial assem­
blage data both support a period during which no glaze ware types were 

made, followed by a revival of glaze ware production in the historical 

period. Hodge's burial data further suggest that the late Zuni Glaze Ware 
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types of Hawikuh Black-on-red and Hawikuh Polychrome were strongly 
associated with objects of European manufacture; the types were proba­
bly made after the missionization of Zuni in 1629 (Hodge 1966:148). The 
absence of glaze-painted ceramics and Matsaki Buff Ware at sites dating 
to the Pueblo Revolt supports an end date of 1680 for both technological 
traditions (Woodbury and Woodbury 1966). 

Vessel form is a reliable attribute for separating early from late glaze 
ware ceramics in the Zuni area. Early Zuni Glaze Ware bowls are hemi­
spherical (fig. 8.2a), whereas late Zuni Glaze Ware bowls are shouldered 
(fig. 8.2b). Early glaze ware jars are globular and have cylindrical necks 
(fig. 8.2c). Late glaze ware jars are strongly shouldered (fig. 8.2d). The 
association of early and late Zuni Glaze Ware types with vessel form is 
very strong (tables 8.1 and 8.2), allowing one to use either paint and slip 
combinations or vessel form to identify chronologically significant differ­
ences within the glaze-painted whole-vessel assemblage. 

Morphological changes between early and late Zuni Glaze Ware ves­
sels are paralleled by changes in the design structure. The focus of deco­
ration on early bowls is the vessel interior, whereas later bowls also 
include an exterior band. Early, globular jars are typically only decorated 
around the maximum diameter, whereas later, strongly shouldered jars 
have a design field that extends to the rim itself. Additional confirmation 
of the temporal significance of these differences is present in certain de­
sign elements. For example, the roman cross is only present on shoul­
dered jars, suggesting a post-1540 date for these vessels. 

The other major painted ware produced at Zuni during the Protohis­
toric period is Matsaki Buff Ware. In fact, Matsaki Buff Ware was pro-

Table 8.1 Relationship Between Early and Late Glaze 
Wares and Bowl Form 

Hemispherical Shouldered 
Ware Bowl Bowl Total 

Early glaze 61 5 66 

Late glaze 7 118 125 

Total 68 123 191 

Fisher's exact test prob< 0.0001; phi= o.862 
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Table 8.2 Relationship Between Early and Late Glaze 
Wares and Jar Form 

Globular Shouldered 
Ware Jar Jar Total 

Early glaze 31 3 34 

Late glaze I 67 68 
Total 32 70 102 

Fisher's exact test prob < 0.001; phi = 0.911 

duced in greater quantities than the glaze wares, as evidenced by its high 
proportion in surface (Kintigh 1985) and subsurface assemblages (Smith 
et al. 1966). The same changes in vessel forms, fields of decoration, and 
use of design attributes found on glaze ware vessels are present on Mat­
saki Buff Ware vessels, supporting a similar ability to divide vessels into 
early and late periods. Previous evidence supported continuous manu­
facture of Matsaki Buff Ware throughout the entire Protohistoric period 
(Kintigh 1985; Woodbury and Woodbury 1966). Current evidence sug­
gests that the change in vessel forms took place sometime in the sixteenth 
century. 

Standardization in Raw Material Procurement 

I assessed standardization in raw material procurement by looking at the 
variety of clay sources exploited. Forty-eight clay samples collected from 
the area of protohistoric Zuni settlement provided data for evaluating 
changes in raw material procurement (fig. 8.3; several samples that were 
taken close together are indicated as one sample location). Fortunately, 
geologic diversity is high in the Zuni area. Folding, faulting, uplift, and 
erosion have created elevational changes from northeast to southwest 
that provide a relatively patterned distribution of exposed surface de­
posits (fig. 8.4; Ferguson and Hart 1985; U.S. Bureau of Indian Affairs 
1981). Besides alluvial deposits, two formations contain most of the clay 
resources in the area of protohistoric settlement: the Cretaceous Dakota 
Sandstone and the Triassic Chinle Formation. I heavily sampled both of 
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these formations to understand inter- and intra-source compositional 
variation. 

The distribution of protohistoric sites relative to the Chinle Formation 
indicates that potters at all sites would have had access to Chinle clays 
(fig. 8.5). On the other hand, the Dakota Sandstone would have been 
much more accessible to potters who resided within the eastern cluster of 
sites. Potters from the western cluster would have had to travel 12 km to 
reach the closest outcrop of the Dakota Sandstone. Based on Arnold's 
cross-cultural analyses, which showed that potters rarely travel even 7 or 
8 km to obtain clays (Arnold 1985), it seems unlikely that potters in the 
western cluster used Dakota Sandstone clays. 

The compositions of the Dakota and Chinle clays are mineralogically 
distinct. X-ray diffraction results indicate that the Chinle clays tend to 
contain higher proportions of smectites, whereas the Dakota Sandstone 
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Figure 8.3 Distribution of clay samples relative to locations of protohistoric 
sites. 
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Figure 8.4 Major clay-bearing geologic formations on the Zuni Indian Reser­
vation. 



Protohistoric Zuni Ceramic Production 211 

• Protohistoric Zuni Sites 

l2J Chinle Formation 

■ Dakota Sandstone 

• 

N 

KM 

Figure 8.5 Distribution of Chinle Formation and Dakota Sandstone relative to 
locations of protohistoric sites. 

samples are proportionally higher in kaolinitic clays (Parnell 1990; Rod­
erick Parnell, personal communication 1991). Because these mineralogi­
cal differences disappear upon firing at temperatures above 500°C to 
6oo0 C, further analyses were needed to identify differences in raw mate­
rial sources in fired ceramics. 

Chemical analyses of clay samples from the Zuni area were conducted 
in collaboration with Frank Walker of the Department of Chemistry, 
Northern Arizona University. The samples came from two formations, 
the Chinle and Dakota. The Chinle Formation was subdivided into two 
groups: the first was from an exposure of the Rock Point Member just 
north of present-day Zuni Pueblo; the second was from an area near Ojo 
Caliente Springs that appears to be a spring-related redeposition of Chinle­
derived clays. From each of these three deposits, nine samples were ana­
lyzed. I chose the nine samples, which came from horizontally and verti­
cally adjacent areas, to determine the amount of within-source variation. 
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Figure 8.6 Plot of concentrations of chromium and iron for clay samples based 
on atomic absorption data. 

Two different techniques of chemical characterization were used on 
the clay samples: flame atomic absorption spectroscopy (FAAS) and gra­
phite furnace atomic absorption spectroscopy (GFAAS). Walker (1992) pre­
sented a more detailed discussion of the analytic techniques and stan­
dards. Two separate analysis runs were conducted on each of 27 samples 
to ensure accuracy of the results. The results of statistical analyses of the 
atomic absorption data indicated that the four elements of manganese, 
chromium, cobalt, and iron could be used to discriminate samples from 
the three major deposits at the 99-percent confidence level (Walker 
1992:fig. 4). Iron is one of the most important discriminating elements 
among the Dakota and the two different Chinle sources, as shown in a 
plot of samples using iron and chromium analyses (fig. 8.6; both analyses 
conducted on each sample are plotted). The Dakota Sandstone clays are 
very low in iron, whereas the Chinle clays from both sources are gener­
ally higher in iron. All but one sample of the redeposited Chinle clays 
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(indicated with an O in fig. 8.6) are lower in chromium than the nonrede­
posited Chinle clays (indicated with a C in fig. 8.6). 

Because iron is such a strong discriminator of clays from the Dakota 
Sandstone and the Chinle Formation, clay oxidation analysis on a larger 
sample size can be used to find general trends in the iron content of raw 
clays and fired pottery; iron is measurable both by chemical analysis and 
by visual differences in fired colors. Both the raw clays and the sherd 
samples were fired to a constant temperature of 1,000°C, which effec­
tively eliminated the influence of differences in firing conditions on the 
paste color of sherds (Rice 1987; Shepard 1939, 1953). 

The fired colors of raw clays of different members of the Chinle For­
mation provide excellent contrast with raw clays of the Dakota Sand­
stone. Table 8.3 uses a method of grouping the Munsell color designa­
tions into analytic groups for source discrimination (Mills 1987; Toll et al. 
1980; Windes 1977); the Dakota Sandstone is shown in the center column 
of the table (labeled "Kd"). Clays of this formation can be clearly distin­
guished from the Chinle Formation clays, as well as from the smaller 
number of samples of alluvial clays in the Zuni River Valley. The Dakota 
Sandstone is the only source of clays that oxidize to white or buff color 
groups. In addition, only two samples from the Dakota Sandstone fired 
yellowish red or red. By contrast, most of the Chinle Formation clays 
fired red and, to a lesser extent, yellowish red. 

I applied these general color trends of raw clays to sherd samples to 
evaluate differences between and within wares in raw material selection 
(table 8.4). Differences between Matsaki Buff Ware (first column) and the 
Zuni Glaze Ware types (second and third columns) clearly indicate that 
the glaze ware types are made from fewer sources than the buff ware. 
Differences between the early and late glazes are minimal, suggesting 
that the same restriction in clay selection was present during both time 
periods. To test the hypothesis that glaze ware vessels were produced 
from a more restricted range of raw material sources, I analyzed 46 early 
and late Zuni Glaze Ware sherds for the four elements of iron, chromium, 
cobalt, and manganese using the same GFAAS and FAAS methods I used 
for the raw clays. Walker's (1992) discriminant function analysis resulted 
in all but one of the 45 glaze ware sherds being assigned to the Dakota 
Sandstone group of clays. 

I draw three conclusions from the analyses of raw materials and their 
selection for different wares. First, the differences among the raw clays 
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Table 8.3 Frequencies of Oxidized Color Groups by Geologic Formation 
for Zuni-Area Clays 

Formationb 

Color Group' Rep Rcr RCS Kd Qal Total 

White 0 0 0 4 0 4 
Buff (1, 2) 0 0 0 1 0 1 
Buff (3) 0 0 0 3 0 3 
Yellow-red (4) 2 0 0 1 0 3 
Yellow-red (5) 2 0 2 0 0 4 
Red (6) 17 11 1 1 2 32 

Total 21 11 3 10 2 47 

•Color groups follow those published by Windes (1977), Toll et al. (1980), and Mills 
(1987). 

bSymbols for geologic formations are as follows: lkp = Triassic Chinle Formation, 
Petrified Forest Member; lkr = Triassic Chinle Formation, Rock Point Member; 
lks = Triassic Chinle Formation, unidenfied spring-related redeposition; Kd = 
Cretaceous Dakota Sandstone; Qal = Quartemary alluvium. 

are strong enough to be detected through chemical and mineralogical 
methods. Because iron is such a strong discriminating element, even clay 
oxidation analysis may be used with a relatively high degree of confi­
dence. Second, there appears to have been more variability between 
glaze ware samples and Matsaki Buff Ware samples than between early 
and late Zuni Glaze Ware samples, suggesting that although the selection 
of resources changed, this pattern is not monotonic. At least in terms of 
the dimension of spatial concentration of production, early and late Zuni 
Glaze Ware types were produced under more "specialized" (i.e., more re­
stricted) conditions than Matsaki Buff Ware. Third, if glaze ware produc­
tion had been spatially restricted, it was more likely made in the eastern 
cluster than in the western cluster because of the proximity of the Dakota 
Sandstone buff-firing clays to the eastern end of the protohistoric Zuni 
settlement distribution. It is ironic, but possible, that the two late glaze 
ware types of Hawikuh Black-on-red and Hawikuh Polychrome were 
not made at the site of Hawikku, which is part of the western settlement 
cluster. 
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Standardization in Whole Vessel Sizes 

The second method of looking at standardization is through the analysis 
of whole vessel metric data. I examined all whole vessels excavated from 
the sites of Hawikku and Kechiba:wa in the collections of the National 
Museum of the American Indian (Smithsonian Institution) and the Cam­
bridge University Museum of Archaeology and Anthropology. I recorded 
metric and nonmetric data on Matsaki Buff Ware and Zuni Glaze Ware 
vessels, which represent most of the decorated assemblages recovered 
from these two sites. The analyses of metric standardization rely on the 
variables of rim diameter and height, which are exterior vessel measure­
ments (to the nearest 0.1 cm). 

The relative measure of standardization used in this analysis is the co­
efficient of variation (the standard deviation divided by the mean). The 
coefficient of variation is a commonly used statistic to describe the dis­
persion of values around a particular location (such as the mean) when 
one cannot assume that the means of two or more samples are the same. 
Summary statistics for bowl and jar forms were broken down by early 
and late shape classes and by ware (table 8.5). 

I also analyzed metric data on the Zuni whole vessels to check for 
the presence of modality that could indicate subclasses in vessel size. I 

Table 8.4 Color Groups of Matsaki Buff Ware and Glaze Polychromes 

Ware 

Color Group Buff Early Glaze Late Glaze Total 

Buff (1, 2) 29 13 27 69 
Buff (3) 63 12 23 98 
Yellow-red (4) 16 1 2 19 
Yellow-red (5) 74 2 8 84 
Red (6) 28 2 2 32 
Red (7) 21 1 0 22 

Total 231 31 62 324 

NOTE: Several cells have fewer than five cases. Pearson chi-square = 55.655; d = 10; 

p < 0.001; phi = 0.414. 
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Table 8.5 Summary Statistics for Protohistoric Zuni Vessel Classes 

Vessel Class & Variable N Mean S.D. c.v. 

Buff ware hemispherical bowls 

Rim diameter 149 22.50 5.16 22.9 

Height 143 10.43 2.70 25.5 
Early glaze ware hemispherical bowls 

Rim diameter 57 20.40 4.07 20.0 

Height 56 9.55 2.15 22.5 
Buff ware shouldered bowls 

Rim diameter 290 23.26 4.82 20.7 

Height 282 11.87 3.20 26.9 

Late glaze ware shouldered bowls 

Rim diameter 115 24.93 5.69 22.8 

Height 111 12.61 3.42 27.1 

Early buff ware globular jars 
Rim diameter 76 13.64 1.96 14.3 

Height 71 16.52 3.63 22.0 

Early glaze ware globular jars 
Rim diameter 31 14.79 2.44 16.5 

Height 25 20.41 3.63 17.8 
Late buff ware shouldered jars 

Rim diameter 151 14.87 2.63 17.7 

Height 132 19.40 4.68 24.1 

Late glaze ware shouldered jars 
Rim diameter 66 15.48 1.06 6.9 

Height 51 21.75 2.39 11.0 

generated plots of vessel height by rim diameters and individual vari­
able histograms for the four general form classes of hemispherical bowls, 
shouldered bowls, globular jars, and shouldered jars (figs. 8.7 through 
8.10). Of the four general form classes, only shouldered bowls (fig. 8.8) 
and globular jars (fig. 8.9) have well-defined modes. Ideally, volume 
would be the best measure of size. In the absence of volumetric data, rim 
diameter and height are the most highly correlated single dimensions for 
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determining vessel size of bowls and jars, respectively (Mills 1989). 
Therefore, I used rim diameter to differentiate size subclasses within the 
shouldered bowl category and height to differentiate size subclasses 
within the globular jar category. Because subclasses are only present in 
two of the four general form classes, the general form classes are dis­
cussed first, followed by the discussion of size subclasses. 

Rather than showing a strong decreasing or increasing trend, most of 
the coefficients of variation for the general form classes look remarkably 
similar. The exception is the late Zuni Glaze Ware shouldered jar class. 
The coefficients of variation for both rim diameter and height are less 
than one-half the values for most other classes of vessels. Using a test of 
significance for the difference between two coefficients of variation 
(Sokal and Rohlf 1981:149-150), I found that the contrast of these vessels 
with the other vessel classes is significant at the 0.05 level. Thus, the met­
ric measure of standardization suggests greater specialization in only the 
shouldered glaze ware jars. 

HEIGHT 

0 
0 

0 

0 

RIM 
Oo 

Figure 8.7 Plot of height by rim diameter for hemispherical bowls (early glaze 
and buff wares). 
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Figure 8.8 Plot of height by rim diameter for shouldered bowls (late glaze and 
buff wares). 

The data using the size subclasses (table 8.6) show that the coefficients 
of variation for the late Zuni Glaze Ware jars do not differ from those for 
the shouldered bowls and globular jars. In addition, when one looks 
more closely at the range of vessel sizes for the late Zuni Glaze Ware jars, 
it becomes apparent that this category includes a much narrower size 
range than the other general form subclasses in the sample; the former 
category contains no subclasses because production was limited to rela­
tively large jars. Thus, the strong contrast in coefficients of variation 
between the late glaze ware jars and the other general form categories 
disappears when these jars are compared to the subclasses of the catego­
ries-another example of the problem in applying the coefficient of vari­
ation to unequal classes, as Longacre et al. (1988) described. 

In fact, one of the strongest patterns evident in the metric data on the 
whole vessels is one of increasing size through time accompanied by a 
reduction in the size range. This pattern is present for both bowl and jar 
forms (table 8.5). Kruskall-Wallis one-way analyses of variance of rim 
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HEIGHT 

RIM 

Figure 8.9 Plot of height by rim diameter for globular jars (early glaze and buff 
wares). 

diameters and heights both indicate that size significantly varies through 
the chronological series of vessel-form/surface-treatment classes (table 
8.7). 

Conclusions 

The results of the analyses suggest that the organization of production 
was not static during the period before and after initial European contact; 
the expression of these changes, however, differs when the organization 
of production is broken up into different dimensions. Compositional and 
morphological data each contribute to the understanding of change and 
stability in ceramic production through time, with varying results. Com­
positional variation informs on the spatial concentration of production, 
whereas morphological variation provides a basis for discussing produc­
tion intensity. 
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Figure 8.10 Plot of height by rim diameter for shouldered jars (late glaze and 
buff wares). 

Based on the compositional analyses, the sample of early Zuni Glaze 
Ware vessels of the late fourteenth and early fifteenth centuries indicates 
that they were produced from relatively few sources. Early Zuni Glaze 
Ware types overlap in time with the production of the more numerous 
vessels of Matsaki Buff Ware. By the time the first Europeans reached 
Zuni, however, Matsaki Buff Ware was the major, if not only, decorated 
ware made at the protohistoric villages. Matsaki Buff Ware was clearly 
made from a wider variety of sources than the early Zuni Glaze Ware 
vessels, suggesting that production of the former was widespread. In the 
seventeenth century, late Zuni Glaze Ware types replaced the Matsaki 
Buff Ware, and again fewer sources were used. The spatial concentration 
of production, therefore, changed from restricted to unrestricted and 
then back to more restricted sources. 

The use of fewer sources (or even a single source) for the production 
of both early and late Zuni Glaze Ware vessels suggests that selection 
may have been based on the technological requirements of glaze ware 
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production. In fact, the highly kaolinitic Dakota Sandstone days chosen 
for the production of the glaze ware vessels tend to have lower thermal 
expansion properties and can be fired at higher temperatures than many 
of the other days in the Zuni area, particularly those near the protohis­
toric villages. Thus, in the Zuni case, changes in the selection of day 
sources, one dimension of the organization of production, is strongly tied 
to technological considerations. 

Changes in standardization in raw material sources are not cotermi­
nous with changes in size standardization through time. I found little 
difference among the chronologically significant form classes. The only 
significant change disappeared when size subclasses were considered, 
suggesting that producers possessed a similar level of skill throughout 
the period from the mid-fifteenth through late seventeenth centuries. 
These results suggest that late Zuni Glaze Ware vessels were probably 
produced in fewer locations, but the ratio of producers to consumers did 
not significantly change. 

Fewer villages were occupied in the seventeenth century than at the 
time of first European contact, and demographic reconstructions indicate 
that the Zuni population was reduced as an effect of European diseases. 
Settlement aggregation could have caused the reduction in raw material 
sources if those sources were all available near sites where the finished 
vessels were produced. This is not the case with the sites occupied when 
the late Zuni Glaze Ware ceramics were made. Only a few of the seven­
teenth-century villages are located directly near the Dakota Sandstone, 
which was the source of clays for glaze ware vessel production. The dis­
tance between the two sites, Hawikku and Kechiba:wa, and this source 
and catchment area is farther than the distance that potters will generally 
travel to procure raw clays (Arnold 1985). Potters who lived in villages in 
the eastern duster (e.g., the sites of Mats'a:kya and Halona:wa) either 
produced the glaze ware vessels for exchange with sites in the western 
duster, or the Zuni case is an exception to the day procurement distances 
that Arnold compiled using cross-cultural data. Changes in transporta­
tion introduced by the Spanish may have been a factor in the use of more 
distant sources for the production of late glaze ware vessels. 

The absence of changes in size standardization suggests that despite 
demographic flux, production standardization remained at the same 
level. The exact nature of this level of production cannot be absolutely 
determined because standardization has no decontextualized measure 
(Rice 1991). However, the variability among contemporaneous vessel 
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Table 8.6 Summary Statistics for Protohistoric Zuni Vessel Subclasses 

Vessel Class & Variable N Mean S.D. CV. 

Small buff ware shouldered bowls 

(<28.1-cm rim diameter) 

Rim diameter 241 21.59 3.24 15.0 

Height 236 10.93 2.43 22.2 

Small glaze ware shouldered bowls 

(<28.1-cm rim diameter) 

Rim diameter 86 22.29 3.73 16.7 

Height 84 11.27 2.71 24.1 

Large buff ware shouldered bowls 

(>28.1-cm rim diameter) 

Rim diameter 49 31.49 2.05 6.5 

Height 46 16.70 2.11 12.7 

Large glaze ware shouldered bowls 

( > 28.1-cm rim diameter) 

Rim diameter 29 32.76 2.17 6.6 

Height 27 16.75 1.56 9.3 

Small buff ware globular jars 

( <12.0-cm height) 

Rim diameter 11 12.76 3.65 28.6 

Height 6 8.78 2.14 24.4 

Small glaze ware globular jars 

(<12.0-cm height) 

Rim diameter 6 13.92 4.14 29.8 

Height 

Medium buff ware globular jars 

(12- to 20-cm height) 

Rim diameter 58 13.48 1.25 9.3 

Height 58 16.46 1.60 9.7 

Medium glaze ware globular jars 

(12- to 20-cm height) 

Rim diameter 16 13.83 0.93 6.7 

Height 16 18.15 1.13 6.2 
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Table 8.6 Continued 

Vessel Class & Variable N Mean S.D. c.v. 

Large buff ware globular jars 
(>20.0-cm height) 

Rim diameter 7 16.33 0.86 5.3 
Height 7 23.71 2.30 9.7 

Large glaze ware globular jars 
(>20.0-cm height) 

Rim diameter 9 17.10 1.22 7.2 
Height 9 24.43 2.96 12.1 

classes in size standardization and the similar ranges for both pre- and 
post-Contact vessel classes suggest a level of production that is consis­
tent with household-based production in other contexts. 

One of the strongest patterns in the metric data is the trend toward in­
creasing bowl and jar sizes through time. Late glaze ware bowls and jars 
are generally larger than Matsaki Buff Ware or early Zuni Glaze Ware 
vessels. As Snow (1982) observed for the Rio Grande area, the introduc­
tion of wheat flour and domesticated animals into the Puebloan diet was 
paralleled by changes in bowl form and increasing sizes of bowls and 
dry storage jars. A similar explanation may hold true for the increasing 
sizes of bowls at Zuni during the early historical period. These trends 
would not, however, explain the parallel changes in sizes of late glaze 
ware jars, which were most likely used for water storage. 

European influence on the reintroduction of glaze ware technology at 
Zuni may also be suggested for the Protohistoric period. Although glaze 
ware vessels were continuously made in some parts of the Rio Grande 
area, there is a temporal gap between the early and late glaze ware types 
at Zuni. When reintroduced, the application and firing technology of 
glaze paints at Zuni resulted in runny glazes that were more similar to 
the Rio Grande Glaze Ware than to early Zuni Glaze Ware. Exactly how 
this technology was reintroduced to the Zuni area is unknown. However, 
associated European artifacts from the site of Hawikku (Hodge 1966:148) 
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Table 8.7 Results of Kruskall-Wallis One-Way ANOVA 

for Bowl and Jar Metrics Through Chrono­
logical Classes 

Form Attribute K-W Statistic Prob. 

Bowls• Rim diameter 37.552 <0.001 

Height 67.762 <0.001 

Rim diameter 38.305 <0.001 

Height 59.883 <0.001 

•Classes include early glaze ware hemispherical bowls, Matsaki 
Buff Ware hemispherical bowls, Matsaki Buff Ware shoul­
dered bowls, and late glaze ware shouldered bowls. 

bClasses include early glaze ware globular jars, Matsaki Buff 
Ware globular jars, Matsaki Buff Ware shouldered jars, and 
late glaze ware shouldered jars. 

show that it occurred at about the same time that a mission was estab­
lished at Zuni in the early seventeenth century. 

Compositional and morphological variables for investigating the or­
ganization of production do not change at the same rate or in the same 
direction. The data discussed here, therefore, do not support either of the 
polar positions on protohistoric pueblo economic organization that are 
proposed in the archaeological literature. Instead, a more complex model 
that considers the technological requirements of glaze ware production 
and changes in the economic conditions associated with European con­
tact is a more parsimonious way of looking at the organization of pro­
duction at Zuni during the Protohistoric period. 
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Notes 

1. The conventions of transliteration of Zuni place names follows those 

used by the Zuni Archaeology Program. Ceramic type names follow those pre­
viously used in the literature. 

2. The pigment used on Pinnawa Red-on-white is not a glaze, but the type 
is included here because it is technologically the same as Pinnawa Glaze-on­
white and Kechipauan Polychrome in all other respects. 
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9 
Problems in Analysis of Standardization 
and Specialization in Pottery 

Barbara L. Stark 

The idea that pottery made by specialists is more standard­
ized than that of nonspecialists (Balfet 1965:166, 168, 176; Erich 1965:13; 
Linne 1965:27-28) is a long-standing one that has figured in economic ty­
pologies and developmental schemes (Rathje 1975; Rice 1981; van der 
Leeuw 1977). Rice (1981:220) and Costin (1991) reviewed some of the 
archaeological indicators of specialization, ranging from the appearance 
of products, to concentrations of tools or by-products, to patterns of dis­
tribution. If specialization and standardization are closely linked, then 
possibly one can infer aspects of the organizational context of production 
directly from archaeological collections without examining the actual 
locations of production (Costin 1991:32-43; Whittlesey 1974:102-103). 
Whittlesey (1974) and others (e.g., Hagstrom 1985; Longacre et al. 1988; 
Rice 1981; B. Stark and Hepworth 1982) built upon this possibility by 
comparing the diversity of archaeological pottery types or assemblages. 

Researchers have made some progress in examining this topic ethno­
graphically under better controlled conditions, but conclusions vary. 
Wright (1983) reported that Pakistani ethnographic data offer little sup­
port for greater standardization in specialists' products, but M. Stark 
et al. (1991) found that increasing specialization in Philippine industries 
led to decreased variability in vessel sizes. Arnold and Nieves (1992) 
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evaluated the effects of (1) manufacturing technique, (2) measurement 
procedures and tolerances, and (3) segments of the consumer market on 
variability in three vessel forms produced by one household of potters in 
Ticul, Yucatan, Mexico. They suggested that all three factors bear upon 
variation in vessel dimensions. Rigorous consideration of the circum­
stances affecting comparisons of standardization is crucial to evaluating 
the effects of specialization on products. Several factors are dissected 
below. 

In this paper, I consider a set of ethnographic data. The link between 
specialization and standardization in non-wheel-made earthenware is in­
consistent on the basis of two pairs of ethnographic industries. My analy­
sis of two variables, orifice and maximum diameters, indicates that ar­
chaeological impressions of greater standardization in specialist-produced 
assemblages may be due as much to the ratio of producers to products as 
to the greater skill and practice of specialists. 

The Concept of Standardization 

Standardization of manufactured goods in the context of modern mecha­
nized production implies controls of various sorts (e.g., dies, molds, and 
electronically controlled machining) to maintain an acceptable level of 
uniformity in parts and products. In the case of completely handmade 
goods, controls on uniformity depend heavily on the judgment and skill 
of the maker. Unless assembly of multipart items requires considerable 
uniformity, incentives to standardize may be modest, as can be shown by 
discussion of several alternative incentives to standardization. Stacking 
for kiln firing or for transport is easier in some cases with standard sizes 
(Rice 1987:202; Rottlander 1967:76; Whittlesey 1974), but stacking adjust­
ments are possible for slight variations in size or shape. The functional 
roles that pots perform usually allow some variation in size or shape of 
vessels. Consumers may recognize and accept products even with some 
variation. The roles of the items in social communication may also be ful­
filled despite a degree of variation. Commercial calculations in monetary 
economies encourage standardization (Rottlander 1967:77), but varia­
tions in vessel size or shape may involve only modest differences in raw 
material consumption. In fact, Birmingham (1975:382) noted that com­
petitive Kathmandu specialists try to diversify their output to increase 
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the chances of making a sale. Consequently, one can ask whether the 
commonly accepted link between specialization and standardization in 
pottery is well grounded. 

Standardization-a high degree of uniformity in products-is relative 
to technological, functional, social, and individual factors. Examples of a 
particular kind of pot could be judged appropriate by both makers and 
users and yet vary in several respects, whether the pots were produced 
by nonspecialists or specialists. At the same time, the customary stan­
dards of a community where nonspecialist pottery is made may result in 
considerable similarity in products. Therefore, archaeologists are inter­
ested in differing degrees of standardization, not its presence or absence. 
The task is to make more precise the impressions frequently recorded 
about the contrast between specialist and nonspecialist products. For my 
purposes, specialization is defined as production for distribution to other 
households on more than a sporadic basis, such as might be involved in 
reciprocal gift-giving. Even though specialization, like standardization, 
forms a continuum, here it is convenient to restrict discussion to nonspe­
cialists who produce primarily for their own household in contrast to 
specialists who produce in a household setting but primarily for exchange 
(see Costin [1991], Cowgill [1989], and Rice [1987:183-191; 1989] for addi­
tional discussion of the concept of specialization).1 

Proximate Causes of Standardization 

Anthropologists commonly mention two reasons for greater standard­
ization in specialists' products. With regular, frequent pot making, motor 
skill and general experience presumably increase, producing fewer devi­
ations from the kind of vessel the person is trying to create (Balfet 
1965:165; Hagstrum 1985:68; Sears 1973:39). David and Hennig (1972:4-5, 
23), for example, stressed that Fulani women are not very good potters 
partly because they learn the work haphazardly and do it infrequently. 

A second reason involves the ratio of numbers of producers to con­
sumers or to the total products in use. Many pottery attributes vary 
slightly according to the individual who produced them, as has been 
demonstrated in a variety of ethnographic cases (Costin 1991:4; DeBoer 
and Kaufman 1977; Friedrich 1970:340-341; Hardin 1977; Hill 197T Kauf­
man 197T11-14; Lauer 1974:158). Consequently, a representative sample 
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of pottery used (and discarded) by a large community supplied, for 
example, by three specialists, will be less diverse than if every family 
makes its own pottery (Balfet 1965=176; Hagstrom 1985:69; Hill 1977:57). 

Although market controls have been suggested as a factor affecting 
standardization, their effects are uncertain or at least variable. Arnold 
and Nieves (1992:110-111) found the least variation in a form destined 
for a tourist market and more variation in a form for a local market; still 
more variable were other vessels destined for middlemen, who resold 
them. Foster (1965:54) noted that potters may maintain a distinctive dec­
oration or form for a particular market. (Perhaps this also aids consumer 
recognition of an accepted, good-quality product). Yet Birmingham 
(1975) and Foster (1965:52-53) argued that market competition may pro­
mote diversification of products. Increasing specialization may be asso­
ciated with both diversification and standardization because growing 
specialization generally implies increased numbers of consumers or con­
sumption levels; such growing demand may make it feasible to supply 
added, lower demand, functional types. (Economies of scale in produc­
tion and distribution could also be expected to abet functional diversifi­
cation.) Thus, diversity in kinds of products may grow simultaneously 
with increased standardization in each kind of product (Rice 1981:220). 
In addition to the "skill" and "ratio" factors, I address other matters as 
variables that researchers must control to make useful comparisons of 
product standardization. 

To study standardization, one must consider several issues: choice of 
variables, the nature of assemblages to be compared, technology, and 
methods of analysis. I discuss below several factors that are important 
for ethnographic comparisons. Archaeological comparisons, however, 
pose additional severe problems, such as time-span differences and mea­
surement differences (e.g., on sherds not vessels), which can drastically 
affect the apparent standardization of assemblages (Benco 1988:68). 

Issues Affecting Analysis 

Choice of Variables 

Some variables relate to conspicuous aspects of pots that makers, 
whether specialists or nonspecialists, may strive to control in accordance 
with their own and consumer values. Stylistic variables may be readily 
imitated or constrained according to sociological and communication 
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considerations (Plog 1980). (I use stylistic to describe characteristics that 
are largely unconstrained by practical function, in contrast to social or 
ideational function.) 

Other, less obvious variables may not be so dependent on factors out­
side the production situation. For example, minor variations in the mix 
of temper and clay (within functional tolerances) may not be noticeable 
in a finished vessel. Minor metric variation within a functional size class, 
although not "invisible," may not be salient to the same extent as color or 
shape variation in, for example, painted designs. Less readily evident 
variables may be more useful when the effects of skill are to be measured 
than are obvious stylistic variables that communicate information (Costin 
1991:35). Costin and Hagstrum's (1995) distinction between "inten­
tional" and "mechanical" variables refers to this same issue, but judg­
ments about ancient intentions are likely to rest upon inferences about 
the conspicuousness of attributes. 

Comparisons require variables that are equally appropriate to differ­
ent data sets. Many metric measurements fit this criterion, but painted 
design elements pose more problems (Flog 1980) becaus~ different in­
dustries may have noncomparable repertoires and uses of designs. See 
Hagstrum (1985) for exemplary controls to compare designs in analysis 
of standardization. 

Attributes of vessel shape do not pose as many difficulties as design. 
Vessel form may incorporate aspects of both style and function. All ves­
sels, however, have some parts that can be categorized formally, whereas 
all vessels do not bear designs. Unfortunately, detailed form analysis is 
generally not available for ethnographic collections. Although detailed 
form typologies are more common archaeologically, they are typically for 
sherds, making many inferences about form a complex step. 

Variables and attributes should exhibit a comparable labor invest­
ment. Costin and Hagstrum (1995) discussed this issue in greater detail. 
Otherwise, a separate factor related to specialization is at stake. Reduc­
tions in labor investment may be characteristic of specialists' work under 
some circumstances, such as strong central administration and dimin­
ished competition. The resulting streamlined production may reduce vari­
ability in pottery. Hagstrum (1985), for example, assumed that stream­
lining is closely related to skill and marketing, whereas Feinman (1980) 
noted that it is related to the wider sociopolitical environment. In some 
cases, differentials in the sheer abundance or diversity of design attri­
butes may reflect differentials in labor investments, a link that Hagstrum 
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(1985) demonstrated by conducting a study of design plus brush strokes 
and "gestures." 

Assemblages and Producers 

Information about the number of producers who created an assemblage 
is necessary to distinguish a skill from a ratio basis for standardization, 
which is the issue of particular concern here. Also relevant is the nature 
of the product assemblage-community-wide or workshop/household 
inventories. Only in ethnographic situations is it feasible to control pre­
cisely for the number of producers to resolve the relative roles of ratio 
and skill. Ideally, comparably sized, representative collections should 
also derive from comparable spans of production time or numbers of 
production episodes to minimize extraneous influences on variability, 
which might occur if initial preparation and use of materials or tools 
involves any break-in period. One would also wish to avoid sampling 
industries that are undergoing rapid technological or other change. 

Current ethnographic data do not allow close control over production 
time or episodes, although the time spans represented are far smaller 
than those that are typical in archaeological data. The precision of ar­
chaeological chronologies poses a marked problem for interassemblage 
comparisons, but the problem is less severe within assemblages. 

Partitioning Assemblages 

Comparisons concerning degrees of standardization should be restricted 
within functional classes. For example, comparing cooking pots reduces 
extraneous considerations because other kinds of vessels may have dif­
ferent functional constraints. In Arnold and Nieves' (1992) study, a com­
parison of different markets also involved comparison of vessels with 
different functions, with the result that either factor could be responsible 
for the patterns in size standardization. 

Metric comparisons should take size classes into account (Longacre et 
al. 1988). Size classes could also prove critical for other attributes; for ex­
ample, some shape or decorative attributes vary across size classes be­
cause of shape-functional relationships or because of marked changes in 
the space available for decoration, respectively. Not uncommonly, ves­
sels of a given function are "sized" (Matson 1965:280). Foster (196T42), 

for example, commented that Tzintzuntzan potters have 12 to 14 recog-
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nized size classes for some kinds of pots (see also David and Hennig 
1972:8, 10; Fontana et al. 1962:37). As in Shipibo-Conibo pottery, some­
times size classes establish functional differences (DeBoer and Lathrap 

1979). 
Inadvertent lumping of size classes will inflate variation in measure­

ments that would not exist if a behaviorally or culturally significant 
boundary were known or approximated (Longacre et al. 1988). In an 
ethnographic setting, emic size classes may overlap, as will be shown be­
low. For the archaeologist, confounded size classes could even appear as 
a unimodal distribution, despite the fact that two (or more) classes are 
represented, each with a different mean or mode. The only recourse is to 
examine the data for clear multimodality in measurements. However, the 
meaning of multimodality will still be confusing. Rice (1981:221) com­
mented that it could _reflect size classes or "the existence of multiple pro­
ducers, each with his own slightly distinctive product." This latter, fine 
scale will not be perceivable with most archaeological collections, in 
which chronological controls do not permit identification of the work of 
an individual. However, variation among individual producers clearly 
shows in the ethnographic data considered below. 

Metric comparisons across size extremes involve an allometric prob­
lem-an absolute variation, e.g., 1 cm in vessel diameter, is more evident 
on a small vessel than on a large one because it represents a higher per­
centage of the vessel diameter. This problem is a progressive or continu­
ous one that can be controlled by comparing size classes that cover 
approximately the same range. 

Technology 

Finally, forming methods should be similar (Arnold and Nieves 1992). 
The most obvious distortion would be a comparison of mold-formed vs. 
hand-formed vessels. Archaeologists suspect that molds will be associ­
ated with specialists more than nonspecialists, but molds are by no 
means ubiquitous in specialist manufacture (B. Stark 1985). In many 
cases, including some considered below, partial molds constitute a con­
cave mold for the base and lower part of a vessel that also supports the 
pot and aids in turning it during forming; partial molds can be expected 
to have little or no effect on some vessel dimensions. In an ethnographic 
situation, researchers may readily obtain information about manufactur­
ing processes, but archaeologically this is often difficult.2 
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Raw materials differ and may affect the standardization of products. 
Some clays may be more difficult to work than others. Longacre et al. 
(1988:105) suggested differential shrinkage as a factor in standardization. 
Although a regular degree of shrinkage would not affect standardiza­
tion, variable shrinkage would. Typically, however, researchers lack suf­
ficiently detailed information to gauge the effects of shrinkage among 
extant data, especially whether this shrinkage is predictable. 

Choice of Analytic Methods 

One can use several quantitative measures to compare standardization in 
two assemblages (see Leonard and Jones [1989] for more extensive dis­
cussion of measures). Two aspects of variation are of interest: the number 
of attribute states of a variable and the frequencies of each attribute state. 
One might expect standardization to reduce the number of attribute 
states, e.g., fewer orifice diameters or lip forms, and to concentrate the 
cases in fewer of the attribute states that exist. 

As initial descriptive measures for vessel size, the range, mean, and 
standard deviation are useful. Coefficients of homogeneity (or variation) 
also can portray patterns of relative diversity (Bronitsky 1978; Daddario 
1980; Whallon 1968), but these measures do not provide for significance 
testing. Although often used, the coefficient of variation (standard devia­
tion divided by the mean [Blalock 1972:88]) is not entirely satisfactory be­
cause it is sensitive to the mean of each population of measurements. 
Two industries might produce equally standardized vessels of a particu­
lar function but without identical means, and consequently the coeffi­
cients of variation would differ. Nevertheless, use of such a coefficient is 
desirable in lieu of inspection of standard deviations (e.g., Hagstrom 
1985:69) because it compensates for the greater variation in measure­
ments that might be expected with a higher mean (the allometric prob­
lem). Other approaches to ceramic diversity are discussed elsewhere 
(Braun 1980; Dickens 1980; Hagstrom 1985; Rottlander 1967). 

Among parametric approaches, the F test compares variances be­
tween two populations of measurements, provided that the samples are 
normally distributed. However, the test is sensitive to violations of the 
normality assumption (unlike analysis of variance). Tests comparing 
variances for multiple samples are more appropriate in many cases be­
cause some of these are less sensitive to nonnormal distributions. One of 
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them-the Q test (Burr 1974:345-347)-is used to compare three or more 
samples of different sizes. The test statistic is as follows: 

v (v 1s/ + ... +vks/) 
q = 2 2 2 

(v1s1 + ... +vksk) 

where vi= n-1 and 
k 

v= I vi 
i~l k 

and si = standard deviation 
and ni = sample size. 

Burr (1974:449) provides the critical values. 

A third major option involves diversity (or heterogeneity) indices, de­
signed for nominal data. The two properties of variation are described in 
the ecological literature as richness and evenness. Richness means the 
number of nominal attributes in a distribution, and evenness means the 
degree of concentration within those categories. The Shannon-Weaver 
Index, H', combines these two characteristics and has been applied ar­
chaeologically (Braun 1985; Conkey 1980; Rice 1981; B. Stark and Hep­
worth 1982). Diversity indices have been described as difficult to interpret 
in the biological literature (Peet 1974) because of variations in terminol­
ogy and attempts to link diversity to other properties of biological Of 

ecological systems (Hurlbert 1971:585). Related problems affect archaeo­
logical applications (Leonard and Jones 1989); other indices measure 
richness or evenness alone. It is often preferable to separate the two 
properties to provide a clearer focus. The representativeness of samples 
and sample size are key problems for diversity indices (Jones et al. 1983; 
Kintigh 1984, 1989; McCartney and Glass 1990). 

Thus, quantitative assessment of the degree of homogeneity of prod­
ucts is not simple. The comparisons of particular interest here are plagued 
by the difficulty of amassing sufficient nonspecialist observations for in­
dividual potters, and observations often reflect potting episodes that are 
well separated in time compared to those of specialists. Scant data for 
individual nonspecialist potters have a profound effect on statistical 
comparisons that can be made. The following discussion of ethnographic 
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cases shows that the ratio effect may be significant in the traditional im­
pression of greater homogeneity of specialist-produced assemblages. 
That impression has usually been ascribed to the specialists' greater skill, 
which, although important, may have been exaggerated. For each pair of 
industries discussed below, different formats of data are available, lead­
ing to separate consideration of each pair. 

Two Pairs of Ethnographic Comparisons 

Current ethnographic data are strikingly limited, but it is useful to exam­
ine them for clear-cut, obvious differences in variability between the 
products of specialists and nonspecialists. My analysis is confined to ves­
sel orifice sizes and maximum diameters because of the constraints of 
available data. Throughout my discussion, I will couch the pros and cons 
of the comparisons in terms of the issues noted above; my aim is to 
match relevant samples and to anticipate the specific effects that any dif­
ferences in the ethnographic contexts may have. 

Although Rice (1989:112, 116) argued that comparisons of diversity 
among temporally or geographically removed industries should be 
avoided, the purpose in matching samples is to control for factors extra­
neous to those of interest (or to be specific .about the consequences of par­
ticular factors). Temporal or geographic contiguity is no "magic bullet" 
that constrains irrelevance. For example, very different technologies and 
forms may be used within a single region, both contemporaneously and 
over time. 

Paired Industries in the D'Entrecasteaux Islands, Papua 

Lauer (1974) gathered data concerning nonspecialist production on 
Goodenough Island and specialist production on the Amphlett Islands; 
the two industries exhibit a general historical similarity in the pottery 
traditions. Amphlett pots are built up by adding and scraping clay slabs 
and coils, followed by paddling. Goodenough vessels are shaped by coil­
ing, with no paddling. Lauer (1974:158) observed that the specialists pro­
duce pottery at a very low rate, around six vessels per month. Even 
though Amphlett pottery is important in exchange, the relatively infre­
quent production may not be sufficiently distinct in volume or frequency 
from nonspecialist production to yield differences in product standard-
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ization. Lauer's summary statistics (sample size, mean, and standard de­
viation) for orifice and maximum radii allow use of F or Q tests (table 
9.1). Because no assessment of normality in the sample populations is 
possible, I applied Q tests. 

Papuan specialists produce six categories of cooking pots, but non­
specialists produce only three kinds (in three hamlets). Specialist Type 6 
has too few cases to be useful. I consider only nonspecialist vessel forms 
A and B because C is canoe shaped. B vessels are like A vessels, but with 
an interior partition. Amphlett specialist pottery came from Gumawana 
Island hamlets (the number of hamlets was not given). Types 1 and 4 
were used as common household cooking pots; the other sizes were 
used for ceremonial or special occasions. Types 1 and 4 are, respectively, 
slightly smaller and larger than the nonspecialist cooking pots A and Bin 
regard to mean orifice radius. Because maximum (shoulder) radius for 
type 1 is about the same as for nonspecialist cooking pots, comparisons 
of type 1 with types A and B are especially pertinent for evaluation of 
standardization. 

Overall, coefficients of variation for specialist vessels are both larger 
and smaller than for nonspecialist vessels, but the more closely matched 
specialist types 1 and 4 have higher coefficients of variation than nonspe­
cialist types A and B (table 9.1). The Q test yields a significant difference 
among types A, B, 1, and 4 for both variables (table 9.2), although not in 
the expected fashion. Because the three data sets for nonspecialist vessels 
do not differ significantly among themselves in variances based on a Q 
test, it is the contrast of specialist and nonspecialist products that yields a 
significant difference. The nonspecialist pottery, however, is more homo­
geneous, contrary to customary expectation. 

It seems doubtful that Amphlett paddling would yield these results, 
but it might. It should be noted that Lauer (1974:190) found Amphlett 
pottery to have a more professional look overall, with some technologi­
cal superiority, a greater labor investment, and more vessel forms; thus, 
variables other than vessel size may show effects of specialization. Al­
though Papuan measurements do not lend support to the supposed link 
between standardization and specialization in regard to vessel size vari­
ation, lack of information about the number of producers for each data 
set precludes gauging the effects of imbalance in this factor. It is unlikely, 
but possible, that fewer nonspecialists were represented, thus reducing 
variability among their pots. Information about individual potters is 
available among the New World paired data that I consider next. 
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Table 9.1 Papuan Vessel Data 

Mean Orifice 
Category N Radius (cm) S.D. Var. c.v. 

ORIFICE RADIUS 

Goodenough Island Nonspecialist Pottery 

Buduna Hamlet 
Form A 10 15.93 2.40 5.76 0.15 
FormB 12 16.73 2.30 5.29 0.14 

Manubuleya & 

Vedakala Hamlets 
FormA 15 15.53 1.90 3.61 0.12 

Amphlett Islands Specialist Pottery 

Gumawana Island 
Hamlets 

Typel 14 14.20 2.60 6.76 0.18 
Type2 18 23.13 2.20 4.84 0.10 

Type3 12 26.09 1.70 2.89 0.06 
Type4 36 18.04 3.80 14.44 0.21 
TypeS 15 18.38 5.50 30.25 0.30 

Paired Industries from Amazonia and the Guatemalan Highlands 

Vessel measurements are available for cooking pots and water-carrying 
jars produced by Mayan specialists in highland Guatemala (Arnold 1978) 
and by Shipibo-Conibo nonspecialists (courtesy of Warren DeBoer, field 
data from 1971). 

Guatemalan Specialists Arnold (1978) studied Maya Indian pottery cen­
ters in the Valley of Guatemala. The women potters were full-time spe­
cialists who supplemented the family income produced by men, who 
farmed. Pottery was sold in markets in the region. Pottery-making di­
minished but did not cease in the rainy season (Arnold 1978:336, 346). 
The measurements were made on vessels at potters' workshops. 
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Table 9.1 Continued 

Mean Orifice 
Category N Radius (cm) S.D. Var. c.v. 

MAXIMUM RADIUS 

Goodenough Island Nonspecialist Pottery 

Buduna Hamlet 

FormA 10 17.16 2.28 5.20 0.13 

FormB 12 17.78 2.20 4.84 0.12 

Manubuleya & 

Vedakala Hamlets 
Form A 15 17.03 2.10 4.41 0.12 

Amphlett Islands Specialist Pottery 

Gumawana Island 

Hamlets 

Typel 14 17.07 2.60 6.76 0.15 

Type2 18 26.25 2.10 4.41 0.08 

Type3 12 29.65 1.90 3.61 0.06 

Type4 36 21.59 3.80 14.44 0.18 

Types not applicable; see orifice radius 

Cooking pots were made in Sacoj Grande; water-carrying jars were 
made in Sacojito and Durazno. For each of these vessels Arnold (1978) 
recognized size classes, but he generally did not designate classes for the 
measured vessels. There is no assurance that all of the size classes are 
represented among the measurements, although they seem to be present. 
If this assumption were incorrect, the diversity of specialist pottery 
would increase and the statistical effect would not undermine any of the 
general points made here. I determined size classes by inspecting bivari­
ate plots of orifice diameter, maximum diameter, and height to detect 
pairs of variables useful in segregating size groups. 

Cooking pots in Sacoj Grande are made with partial molds that reach 
nearly to the maximum diameter of the vessel, with the upper part formed 
by hand in a modified coiling technique (Arnold 1978:336). Arnold (1978: 
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336) described cooking pots made in three capacities (5.2, 6.8, and 11.6 kg 
of corn), each with different uses, but size distinctions are hard to iden­
tify among the fired vessels produced by two potters in the same house­
hold (fig. 9.1). I segregated medium-capacity vessels for diversity analy­
sis (table 9. 3). 3 

Guatemalan water-carrying jars from Sacojito were made in two mouth 
sizes, but three capacity sizes (Arnold 1978:358-359). Potters measured 
the jars during forming to help control size (Arnold 1978:349), and partial 
molds were used for the bottom, with the remainder coiled by hand.• 
Tentative groups for both medium- and large-capacity jars can be de­
fined in regard to maximum diameters (fig. 9.2). The two orifice sizes 
also can be tentatively identified, but they cross-cut the medium- and 
large-capacity vessels. 5 Sacojito jars have size ranges that are more simi­
lar to Amazonian water jars than are those from Durazno. 

In Durazno, water-jar manufacturing methods were the same as those 
described for Sacojito, and the system of size classes may have been the 

Table 9.2 Q-Test Statistical Decisions for a Hypothesis of No Significant 
Difference Among Sets of Measurements for the 
D'Entrecasteaux Islands• (alpha = 0.01) 

Nonspecialist and Specialist Orifice Radii 

Vessels A (Bud.), B (Bud.), A (Man. & Ved.), 4, and 1: Q = 0.416, df =16.4 

reject 

Nonspecialist and Specialist Maximum Radii 

Vessels A (Bud.), B (Bud.), A (Man. & Ved.), 4, and 1: Q = 0.342, df = 16.4 

reject 

Nonspecialist Orifice Radii 

Vessels A (Bud.), B (Bud.), and A (Man. & Ved.): Q = 0.380, df = 11.33 

accept 

Nonspecialist Maximum Radii 

Vessels A (Bud.), B (Bud.), and A (Man. & Ved.): Q = 0.339, df = 11.33 

accept 

'Bud. = Buduna Hamlet; Man. & Ved. = Manubuleya & Vedakala Hamlets. 
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Figure 9.1 Guatemalan Sacoj Grande cooking pots. Arnold (1978) designated 
one vessel as small mouthed. 

same (Arnold 1978:348-349, 358). The measurements derive from the 
work of five potters. Available data did not allow a distinction between 
medium- and large-capacity Durazno vessels; hence, measurements are 
pooled for these sizes (fig. 9.3).6 Because it is difficult to decide if there are 
two orifice size classes cross-cutting all of the vessel capacity classes in 
Durazno, I employed two data sets: all Durazno orifice diameters pooled 
together, and orifice diameters only from the medium-to-large-capacity 
vessels. 

Shipibo-Conibo Nonspecialists Women produce pottery primarily for their 
own families, but also in recent years, increasingly for tourists. The sam­
ple used here includes only pottery produced for domestic use (Warren 
DeBoer, personal communication 1982). The pottery was handmade by 



Table 9.3 Descriptive Statistics for Guatemalan and Amazonian Vessels 
by Potters 

Range Mean 
Group & Vessel Type N (cm) (cm) S.D. c.v. 

SHIPIBO-CONIBO 

Fam. 17, large brewing, 

ori. diam. 4 46.5-68 55.37 9.48 0.17 

Fam. 17, large brewing, 

max. diam. 4 60-77 69.25 7.41 0.11 

Fam. 17, water jars, 

ori. diam. 5 11-14 12.1 1.51 0.12 

Fam. 19, water jars, 

ori. diam. 5 11-15 13.3 1.48 0.11 

Fam. 20, water jars, 

ori. diam. 6 13.5-22.5 18.5 3.79 0.20 

GUATEMALA 

Sacoj Grande 
SGlA, medium cooking, 

ori. diam. 20 21-31.5 26.62 2.94 0.11 

SGlA, medium cooking, 

max. diam. 20 23.5-39 30.45 4.59 0.15 

SGl B, medium cooking, 

ori. diam. 6 21.5-25 23.58 1.46 0.06 

SGlB, medium cooking, 

max. diam. 6 24-28 25.83 1.47 0.06 

Sacojito 

SJ3, medium-large-capac. 

water jars, large ori. 21 13-18 14.76 1.46 0.10 

SJ3, medium-large-capac. 

water jars, small ori. 8 7-10 8.62 1.12 0.13 

SJ3, large-capac. water 

jars, max. diam. 18 31-38 33.69 2.20 0.07 



Table 9.3 Continued 

Range Mean 
Group & Vessel Type N (cm) (cm) S.D. c.v. 

SJ3, medium-capac. water 

jars, max. diam. 14 27.5-36 32.03 2.03 0.06 

SJ7, medium-large-capac. 

water jars, large ori. 13 13-15.5 13.88 0.68 0.05 

SJ7, medium-large-capac. 

water jars, small ori. 8 7-10.5 8.75 1.10 0.13 

SJ7, medium-capac. water 

jars, max. diam. 20 28-31 29.67 0.69 0.02 

SJ8, medium-large-capac. 

water jars, small ori. 4 9-11 9.87 0.85 0.09 

SJ8, medium-large-capac. 

water jars, large ori. 19 11.5-15 13.55 0.70 0.05 

SJ8, large-capac. water 

jars, max. diam. 13 32-35 33.30 0.90 0.03 

SJ8, medium-capac. water 

jars, max. diam. 10 25.5-28 27.05 0.92 0.03 

Durazno 

D2, small-capac. water 

jars, small ori. 6 7-9 8.33 0.75 0.09 
D2, small-capac. water 

jars, max. diam. 6 14-14.5 14.33 0.25 0.02 

D6, medium-large-capac. 

water jars, large ori. 13 9.5-11 10.19 0.48 0.05 
D6, medium-large-capac. 

water jars, max. diam. 13 21.5-24 23.00 0.79 0.03 
D7, medium-large-capac. 

water jars, large ori. 5 11.5-12 11.80 0.27 0.02 

D7, medium-large-capac. 

water jars, max. diam. 6 28.5-32.5 29.58 1.53 0.05 
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coiling. The Shipibo-Conibo live in small to medium-sized villages interre­
lated by kin ties. Measurements were derived from pottery produced in 
five villages, located within about 225 km (direct distance) of each other. 

Quenti vessels are used for cooking and come in three sizes with dif­
ferent primary functions: quenti ani (large) for brewing, quenti anitama 
(medium) for cooking foods, and quenti vacu (small) for medicinal prepa­
rations (fig. 9-4). The food-cooking pots are the most appropriate cate­
gory to compare to Guatemalan medium cooking pots in regard to both 
size and function. Shipibo-Conibo jars are made in four sizes with differ­
ent functions. The medium size (chomo anitama) is primarily for carrying 
water (fig. 9.5). 

It is important to underscore that different bases have been used to es­
tablish size classes in the two ethnographic settings: (1) inspection of val­
ues for the specialist industries, and (2) emic designations in the nonspe-
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cialist industry (in part, because inspection of values could not identify 
the size classes). My guess is that this could have the effect of increasing 
variability in the nonspecialist data, a bias that would enhance the con­
trast with specialist products. 

Comparisons of New World Industries Individual variation among potters 
is striking in both production contexts. In several instances, size classes 
were indistinct when the work of many producers was pooled (figs. 9.4, 
9.5, and 9.6), yet plots for individual producers (or families, in the case 
of the Shipibo-Conibo) show relatively clear distinctions. Families 22, 
17, and 6 are Shipibo-Conibo examples (figs. 9.4 and 9.5), and potters 3, 
7, and 8 are Sacojito examples (fig. 9.6). Individual producers often had 
distinct "operational" size classes that differed slightly from those of 
other producers, despite the fact that all shared the same community­
wide conceptual scheme. David and Hennig (1972:8, 10) observed a sim­
ilar phenomenon. Nicholson and Patterson's (1985:236) plots of vessel 

a: 
0 

• , 
0 

{ small jar 

0 
• 0 * 0 0 eoo • 

':ii>,* 
*I; 
'i!iJ 

small Jar fl, 

~ 

MAXIMUM DIAMETER, CM 

DURAZNO 
WATER JARS 

POTTER 2 * 
POTTER 3 * 
POTTER 6 0 
POTTER 7 0 
POTTER 8 e 

small jar 

I'--~ 

ORI. DIAM., CM 

Figure 9.3 Guatemalan Durazno water jars. Arnold (1978) designated one ves­
sel as a small jar. 
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measurements taken from two potters in a specialized Egyptian industry 
also revealed individual variation in sizes. Arnold (1978:345) also demon­
strated such variation in a plot of modes for molded tortilla griddle di­
ameters for three potters in Mixco, Guatemala. 

In Shipibo-Conibo households 2, 3, and 14, the people assigned com­
parably sized vessels to different function/size classes (see also Fontana 
et al. 1962:80; Nicholson and Patterson 1985:234). I assume that some 
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Figure 9.6 Sacojito water jars. Separate plots for producers are combined in 
lowest plots. Numbers in plots represent multiple vessels. 

functional requirements are not so stringent that a given size of vessel 
cannot fulfill different functions, dependent on the needs, circumstances, 
and perhaps concepts of particular households. Size classes have some 
degree of practical flexibility, a fact that is compatible with variation in 
operational size classes. The reason for this variation is uncertain. In some 
cases, nonspecialists may have tailored sizes to suit the family situation. 
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Family needs could vary with the domestic cycle, among other factors. In 
market situations, specialists may produce variants that aim at different 
consumers; a consumer, in turn, may adjust to changing needs by search­
ing out convenient variants within a size class. Variation in operational 
size classes means that the ratio effect may be quite powerful in condi­
tioning typical archaeological assemblages, at least in regard to vessel 
sizes. Other kinds of variables, e.g., complex painted designs, would 
likely be more responsive to skill. 

Researchers can examine the skill vs. ratio effect by evaluating varia­
tion in products by individual potters. Do specialists, as individuals, ex­
hibit less variation in their products? The chief obstacle has been noted 
already-a nonspecialist will have few pots of a particular function. In 
comparisons of coefficients of variation by potter, I use only those cases 
with measurements on at least four vessels of a particular function or 
size class (table 9.3; fig. 9.7). 

As a group, the five nonspecialist Shipibo-Conibo coefficients are con­
sistently high (all have very low sample sizes), but several specialist 
Guatemalan values, based on better sample sizes in some instances, are 
about as high. Some specialists equal or exceed the nonspecialists in co­
efficients of variation (e.g., some water jars made by Sacojito potter 3 or 
cooking pots made by Sacoj Grande potter 1A). The specialists show in­
dividual differences in how closely they hold to a given size. It is not sur­
prising that specialists' water jars exhibit more low coefficients of varia­
tion than do vessels of Shipibo-Conibo potters because the specialists 
measure pots during manufacture. In contrast, specialist cooking pots 
are more variable than water jars, perhaps because measurement is not 
part of the manufacturing process. 

Despite the potential differences in clays or other confounding factors, 
it is useful to establish whether Amazonian nonspecialist and Guate­
malan specialist products differ significantly in size variability. Coeffi­
cients of variation suggest that Amazonian nonspecialist vessels vary 
more in size, but the sample is small. In a more rigorous assessment, Q 
tests can be applied to comparisons of three or more potters (table 9.3), 
but comparisons cannot closely match specialists with nonspecialists ex­
cept for the orifices of water jars, which are judged to differ significantly 
(alpha = 0.01, for comparison of Sacojito large-sized orifice diameters for 
medium-to-large-capacity vessels and orifice diameters for Shipibo­
Conibo jars; Q = 0.570; degrees of freedom = 10.5). Is the significance 
solely due to the contrast between specialist and nonspecialist vessels? 
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The three Shipibo-Conibo variances are not significantly different from 
one another (an expectable result, given the sample sizes; Q = 0.576; 
degrees of freedom = 4.3), but the three Sacojito specialist measures 
are significantly different among themselves (Q = 0.501; degrees of free­
dom = 16.67). Thus, the differences detected when the two industries are 
analyzed together reflect not only the contrast of specialists and nonspe­
cialists, but also significant variability among the specialists themselves. 
Significant variability among specialist measures is also evident for max­
imum diameters among Durazno medium-to-large-capacity water jars 
and Sacojito medium- and large-capacity jars (Q = 0.25; degrees of free­
dom = 12.4). Thus, individual specialist variability is as marked a factor 
as any skill advantages enjoyed by the specialists. 

The data show that individual variation among specialists is signifi­
cant and can be as great as that exhibited by nonspecialists. The data also 
address three other factors that bear on comparisons of standardization 
among industries: allometric effects, manufacturing technology, and dif­
ferent functional forms. The allometric effects, however, are not severe 
among these data (fig. 9.8). In regressions of the mean against the stan-
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"s.o" is small orifice, and "ori" is orifice diameter. For sizes, "m-1" is medium to 
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dard deviation, inclusion of the extremely large Shipibo-Conibo brewing 
pots (fig. 9.8, top graph) is the primary reason for the tendency for bigger 
vessels to have a correspondingly larger standard deviation. Removal of 
the brewing pots shows a much weaker relationship (fig. 9.8, bottom 
graph). Manufacturing technology proved to have only modest effects 
on standardization with respect to the partial molds used for the lower 
part of vessels in Guatemala; maximum diameters of the Guatemalan 
pots were not consistently less variable than orifice diameters (see Benco 
1988:68). In these instances, the necessity for closely matching samples in 
regard to technology was not very marked.7 The data, however, also 
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show possible noteworthy differences in the degree of variation between 
different functional forms. The coefficients of variation among special­
ists' water jars are generally lower than those among cooking pots. 

The Ratio Effect: An Alternative to "Skill" 

The ethnographic comparisons discussed here are too few to derail the 
traditional expectation of a link between specialization and standardiza­
tion owing to specialists' greater skill, but the comparisons are disquiet­
ing. In the Papuan case, comparisons did not establish that specialists 
produced more standardized vessel sizes. However, the modest special­
ist output, the lack of knowledge concerning the number of producers 
(preventing control for the ratio effect), and slight differences in forming 
methods make interpretation of these data inconclusive. 

Beyond a healthier skepticism about the consistency of a contrast be­
tween specialist and nonspecialist products, one can make a specific case 
for substantial effects due to the ratio of producers to products on the ba­
sis of Amazonian and Guatemalan data. Operational size classes that 
varied by the individual producer and the functional flexibility of pots of 
a particular size suggest that assemblages of vessels used in a commu­
nity, whether they are of specialist or nonspecialist origin, will blend di­
verse sizes that reflect the number of producers. Coefficients of variation 
among individual specialist's products differed significantly, which also 
strengthened the ratio effect. Perhaps the Amazonian nonspecialists tend 
to make more variably sized vessels than do Guatemalan specialists (co­
efficients of variation suggest this, but sample limitations prevent a more 
definitive statement). If so, skill limitations are no more compelling area­
son than the following: production was certainly episodic and was likely 
tailored to immediate needs in a manner that was not comparable to spe­
cialist production as it was represented among the measurements taken 
at potters' workshops. 

The ratio effect rather than the skill effect may well be a strong con­
tributor to many archaeologists' impressions of greater standardization 
in specialist pottery. Because a few specialized pottery-producing com­
munities, workshops, or producers could supply vessels to a surround­
ing population, it is not surprising that archaeologists and ethnographers 
may have registered noteworthy similarity in such pottery. Skill and 
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practice may not constitute as profound an influence on assemblages as 
researchers have thought. The traditional expectation concerning skill 
could reflect an ethnocentric bias that ascribes greater competence to spe­
cialists in complex societies. 

In the meantime, archaeological attempts to monitor specialization 
that rely exclusively on standardization cannot be strongly warranted. 
Rather, measurement of standardization should be combined with pow­
erful ancillary data (Costin 1991). Examples of such data include evi­
dence from some actual production locations concerning the mode of 
production (e.g., Pool and Santley 1992; Santley et al. 1987; Santley et al. 
1989) and information concerning the spatial distributions of pottery 
(e.g., B. Stark and Heller 1987; B. Stark et al. 1985; Toll 1981). One partic­
ularly useful line of analysis for some archaeological situations examines 
local vs. nonlocal (presumably specialist-produced) pottery within a par­
ticular site or assemblage, thus controlling for time (B. Stark et al. 1985; 
Whittlesey 1974). However, evidence is accumulating that shows that 
archaeological industries may be mixed in degree of specialization, in 
some cases for the same products (Curet 1993; Santley et al. 1989; B. Stark 
1992). Consumer archaeological assemblages may blend the effects of di­
verse production contexts. In such cases, interpretation of differences in 
degree of standardization among different categories of vessels may be 
difficult, and the distribution system(s) will likely not function the same 
for different modes of production. 

Among the many potential archaeological variables, vessel forms 
should prove particularly useful because of the indications that special­
ization is associated with an increased diversity of forms and increased 
standardization within each. Both overall vessel form and attributes of 
form can be examined. Nicholson and Patterson (1985:234) found that 
rim form was specific to the potter, even though the potters themselves 
believed that this variable alone was insufficient for recognition of an in­
dividual's work. I have found it difficult to obtain adequate archaeologi­
cal samples of reliable vessel-size measurements from sherds, which 
makes shape categories a useful alternative. Sheehy (1986) demonstrated 
that with very large data sets, problems in acquiring enough size mea­
surements may be overcome by controlling for the proportion of arc rep­
resented. In general, archaeological studies of standardization must pro­
ceed cautiously (e.g., Costin 1991; Costin and Hagstrum 1995), given the 
currently problematic relation of standardization and specialization. In 
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particular, comparisons of standardization require consideration of the 
possible biases introduced by factors such as the selection of suitable 

variables for analysis, the nature and partitioning of assemblages, tech­
nology and raw materials, and analytic methods. 
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Notes 

1. Rice (1991:270) remarked that my consideration of the skill vs. ratio effect 
"misses the point ... that specialist/intensive production by definition means a 
(relatively) small number of producers." I believe that my definition of special­
ization is clearly stated. The concept of specialization is not the issue. Rather, I 
address what effects the mode of production has upon products and for what 
reason(s). Are specialists more skilled? Clearly variations in skill exist, but they 
may not be consistently associated with the mode of production. Consideration 
of the ratio effect focuses on individual (or workshop) variability in products 
and the effect that the number of producers has upon assemblages. Suppose, 
for the sake of argument, that there are no differences in skill between special­
ists and nonspecialists. Will the resultant assemblages exhibit similar variabil­
ity?-not if individuals (for a variety of reasons) produce the same kind of 
products but with slightly (or markedly) different attributes. 

2. One example of the resultant problems concerns temper. Suppose that 
the size and amount of temper particles are selected as paste variables for 
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analysis. Natural sorting of particles that occurred in the clay may be responsi­
ble for observed patterns, or the potters' selection of temper and manner of 
adding it to the clay may play a role, particularly the use of baskets, cloth, or 
screening to winnow particles. Nature, the skill of the potter, and technological 
devices may not be separable if one depends solely on archaeological observa­
tions in a collection of vessels or sherds. 

3. Figure 9.1 shows bivariate plots of the three measurements on cooking 
pots. Plots of maximum diameter against height or orifice diameter indicate a 
cluster of five larger vessels, but small-capacity vessels are not very distinct, re­
flecting the closer ideal capacities of 5.6 and 6.8 kg (vs. 11.6 kg). Three vessels 
seem likely to fall into the smaller size class on the basis of maximum diameter 
plotted against orifice diameter (those with orifices of 20 cm or less). Conse­
quently, the medium-capacity vessels analyzed will range from 21 to 32 cm in 
orifice diameter, but with only one case included at 32 cm because all other ori­
fices of 32 cm or greater pertain to the putative large-capacity class (table 9.3). 

For maximum diameter, medium cooking pots will range from 24 to 39 cm. 
Use of this range sets aside the two smallest maximum-diameter values sig­
naled by a gap in the distribution of maximum diameter against orifice diame­
ter (between 23 and 24 cm) in lieu of any clearer division in maximum diame­
ter values. Note that a couple of the smaller values in the medium group are 
dubious, which may add to the diversity of the specialist values. 

4. For potter 3, records were not clear about whether the measured vessels 
were fired or unfired. Because I group the measurements by 1-cm increments 
and it is unlikely that dramatic shrinking would occur with firing, I included 
measurements from potter 3. Among other categories of vessels, however, I 
excluded unfired vessels whenever sample size permitted. 

5. Three capacity classes are not very distinct in the plot of maximum diam­
eter against height except for the small size (fig. 9.2). Potter 3 made one aber­
rant vessel, which is particularly tall and wide mouthed; it will be ignored in 
subsequent analysis. Minimally a small-capacity class can be distinguished on 
the height-against-maximum-diameter plot (division of maximum diameter at 
25 cm; of height, at 27 or 28 cm), but the number of cases is too low for stan­
dardization analysis. There may be two larger capacity clusters (dividing at 
about 33 cm in height), but they are quite close, with some intermediate values; 
in this situation, with the work of so few potters represented, distinction of 
medium from large capacities is much less certain. I include the maximum 
diameter values for vessels with 33 cm height in both the medium- and large­
capacity groups because it is uncertain to which they are most pertinent. 

The two orifice sizes said to be recognized may be reflected in a division be­
tween 11 and 12 cm (excluding small-capacity vessels, which seem to have a 
distinct pair of orifice sizes). The previous distinction between medium- and 
large-capacity vessels can be tested for any effect on orifice diameter by using 
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chi-square. The chi-square test compares medium- and large-capacity vessels 
in regard to the frequencies of orifice diameters; two vessels with a height of 33 
cm are not assigned to either capacity class for this analysis. For chi-square, it 
was necessary to group data into the following categories to form adequate cell 
counts: 7-10 cm, 11-14 cm, and 15-18 cm for orifice diameters. With two de­
grees of freedom, chi-square was 0.93, which suggests no significant difference 
at the 0.05 level for a one-tailed test. Consequently, l pool medium- and large­
capacity classes in regard to large orifice diameters. 

Some Sacojito jars are decorated, but some are plain. To determine if these 
two categories differ in regard to orifice diameter, it is best to compare deco­
rated vs. plain vessels by potter 3. (Comparisons across potters may confound 
the individual variation of potters with any effects of decoration because all 
other decorated vessels are the work of potter 7.) Potter 3 produced 10 deco­
rated and 14 plain jars. For the Fisher-Yates exact test (Siegel 1956:96-104), data 
for plain and decorated jars were grouped in two categories: 7-12 cm and 13-18 
cm for orifice diameters. The contingency table can be constructed to use tables 
provided by Finney (1948). There is no significant difference at the 0.05 level. 
Consequently, for analysis of standardization in orifice diameter, I pool deco­
rated and plain jars and the two possible capacity classes, medium and large. 

6. A plot of maximum diameter against height for Durazno shows a cluster 
of small values (less than 20 cm in maximum diameter), which includes the one 
vessel that Arnold (1978:398) labeled as a small jar (fig. 9.3). There appear to be 
two closely spaced larger clusters, but they tend to be distinct in regard to pot­
ters. Therefore, it is unclear whether they represent size classes or individual 
potter's operational size categories. A conservative stance is to treat them as a 
single size class, possibly medium-to-large, because it will tend to increase 
the diversity of the specialist data and will not create a bias in the expected di­
rection; the corresponding range for maximum diameter is 22-34 cm. Plots of 
orifice diameter against either height or maximum diameter show only slight 
differences in orifice diameter for the small- and medium-to-large-capacity 
groups. Small-capacity vessels all have orifices of less than 10 cm, but only one 
medium-to-large-capacity vessel does (fig. 9.3). The medium-to-large group 
typically has orifices of 10-12 cm. For Durazno, unlike Sacojito, the two orifice 
size classes that are recognized seem to be linked strongly to the capacity 
classes. 

7. Specialist potters in Mixco, another Guatemalan community, predomi­
nantly manufactured completely molded tortilla griddles (Arnold 1978:337-
345). In cases in which size classes could be readily distinguished, e.g., potter 2, 
coefficients of variation were consistently quite low (0.01, 0.02, and 0.02), as 
would be expected with use of complete molds. 
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IO 
Paradigms and Pottery 
The Analysis of Production and 
Exchange in the American Southwest 

Stephen Plog 

Perhaps more than any other recent publication, this set of 
papers epitomizes both change and stability in the nature of archaeolog­
ical research in the prehistoric American Southwest. From the very begin­
ning of these studies, the abundant ceramics that litter the surface of so 
many Southwestern archaeological sites have been a major focus, whether 
for purposes of typology, chronology building, and spatial-temporal 
frameworks or for studies of social organization, exchange, and interac­
tion. Of particular relevance to the theme of this volume, some of the ear­
liest investigations of New World ceramic production were conducted in 
the Southwest beginning in the 1930s by the peerless Anna 0. Shepard. 
From the perspective of that long history, a volume on Southwestern 
ceramics is hardly a new phenomenon. This volume is simply another 
important member of a long and honored lineage. 

The above characterization, however, glosses over significant differ­
ences-some fairly obvious and others more subtle-between the papers 
in this volume and those in previous books on the pottery of the South­
west. Although I acknowledge Shepard's numerous and significant con­
tributions, I believe that Barbara Mills and Patricia Crown, by assem­
bling an entire volume of papers on ceramic production in the Southwest, 
have shown that the nature of archaeological research has significantly 
changed. Shepard is "peerless" in two senses of the word; the quality of 
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her research was outstanding, and unfortunately few scholars chose to 
continue her pioneering analyses of ceramic technology. Compared to 
the sporadic nature of such studies even during the decades of the 1970s 
and 1980s, the studies in this volume, along with others published else­
where (e.g., Bishop et al. 1988; Douglass 1987; Neitzel and Bishop 1990) 
foretell a major change in research direction over the next decade. 

Such transitions inevitably raise questions regarding the reasons for 
the change. I believe that the paucity of earlier studies was partly due to 
the considerable technical skills required to conduct them-skills taught 
in few graduate programs in archaeology. This lack of training, however, 
must also be explained, particularly in light of the significant insights 
that Shepard's (e.g., 1939, 1965) studies provided-e.g., the importation 
of thousands of vessels into Chaco Canyon-and the fact that those in­
sights were largely ignored for several decades. In retrospect, it seems 
obvious that the explanatory framework within which most Southwest­
ern archaeologists operated was the primary reason for the lack of pro­
duction studies. That framework was based (for time periods after ca. 
A.D. 700) on the assumption of egalitarian, autonomous farming villages 
in which all of the basic tools required for day-to-day life were produced 
within the village. Those tools included ceramic vessels. Archaeologists 
believed that vessel production by each and every household was the 
typical pattern during almost every prehistoric period and in virtually 
every geographic area. Why study ceramic production when household 
production was presumably ubiquitous? Thus, books on Southwestern 
ceramics published just over a decade ago (Schroeder 1982) rarely even 
mention the possibility of variation in the organization of production. As 
Kuhn (1962:53) has argued, until a discipline "has learned to see nature 
in a different way-the new fact [Shepard's evidence for exchange, in 
this instance] is not quite a scientific fact at all." 

Over the last 15 years, two forces have increased our focus on ceramic 
production and exchange, and it is important to recognize both in order 
to place the articles in this volume in their proper context. One fundamen­
tal factor is that methods of mineralogical and chemical characterization 
have become more accessible, allowing more precise determination of 
the locations of production. The Conservation Analytical Laboratory at the 

· Smithsonian Institution and the National Bureau of Standards (through 
the help and cooperation of Lambertus van Zelst, Ronald Bishop, and 
James Blackman), in particular, have provided several Southwestern ar­
chaeologists with the facilities and training for important studies of the 
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nature of ceramic production and exchange. 
Nevertheless, I believe that the accessibility of these analytic tools is 

not the primary reason for the recent emphasis on production and ex­
change studies. The new emphasis evolved more from the development 
of new frameworks to explain cultural change in the Southwest, frame­
works that are based on different theoretical perspectives and different 
assumptions than those that guided much of the archaeological research 
in the past. Some of these new models postulated the development of 
significant social differentiation in some sections of the prehistoric South­
west and typically argued that greater differentiation is tied in various 
ways to exchange relationships (Lightfoot 1984; Lightfoot and Feinman 
1982; Sebastien 1991; Upham 1982). 

At the same time, other researchers (e.g., Braun and Plog 1982; S. Plog 
1980; Wills 1988) postulated exchange relationships for areas and time pe­
riods that probably had no significant sociopolitical complexity. From this 
perspective, exchange is viewed as an expected characteristic of almost all 
societies, from mobile hunter-gatherers living in small bands to people liv­
ing in urban centers characterized by economic specialization (e.g., Ford 
1972; Spier 1928). Even simple reciprocal exchange among households, 
however, can result in the movement of significant numbers of items over 
sizeable areas and, thus, can have a considerable impact on the artifactual 
assemblages of individual villages (Allen 1984; Crown, this volume). 

Although these two general models differ in specifics, they both em­
phasize relationships between groups in explanations of cultural stabil­
ity and change; thus, they stress the need to place Southwestern villages 
in broader regional contexts. Both types of models postulate that ex­
change relationships are not limited to regions where natural resources 
are differentially distributed or where shortages of agricultural land 
force segments of the population to consider nonagricultural occupa­
tions. Rather, those relationships develop because of a variety of demo­
graphic, social, economic, religious, and political factors, and the items 
traded include not only exotics, such as turquoise and macaws, but also 
nonexotics, such as ceramics and chipped-stone raw materials. 

Certainly most scholars familiar with the current literature on the pre­
historic Southwest are aware of the differences between earlier explana­
tory frameworks and those advanced more recently. They have struc­
tured much of our discourse regarding Southwestern prehistory. Many 
of the articles in this volume either explicitly or implicitly attempt to 
evaluate these frameworks. Nevertheless, I believe it is important to 
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emphasize the differences here for two reasons, the foremost of which is 
their relevance to the papers in this volume. Whether someone is in­
clined to accept one of the more recently advanced alternative perspec­
tives or the prior model of autonomous villages, more precise determina­
tions of the exact nature of production and of intensities of exchange 
become mandatory. The issues addressed in this volume thus lie at the 
very center of the current debate. When the articles in this volume are 
compared, it is clear that differences in the reconstructions of the magni­
tude and intensity of ceramic exchange and production are not simply 
narrow disputes about those components of prehistoric behavior, but are 
also parts of much broader debates over the ways the prehistoric South­
western societies were organized and evolved. 

The second reason for emphasizing the differences between explana­
tory frameworks is to highlight that the debate is not between theoreti­
cians and empiricists. It is not uncommon (sometimes in print, but more 
often in conversation) to see arguments for household production and 
consumption characterized as "empirically grounded," in contrast to 
arguments for exchange that are pejoratively labeled "conjectural" or 
"speculative." The alternative models described above are not para­
digms in the broadest sense that Kuhn (1962) used that word (nor do I 
want to unearth the rhetoric of the 1960s or imply that Southwestern ar­
chaeology is undergoing a revolution). These models, however, do have 
impacts very comparable to those that Kuhn described for scientific par­
adigms. They "exert a deep hold on the scientific mind," leading to "in­
commensurable ways of seeing the world and practicing science in it" 
(Kuhn 1962:4, 5). Thus, different scholars see the same "facts" in very dif­
ferent ways because fact and theory are not separable. One scholar's 
"reasonable assumption" is another's "problematic assertion" (e.g., Sul­
livan 1992) because assumptions are tied to theoretical perspectives. 

Sullivan's (1988) review of evidence for ceramic production in the 
northern Southwest serves as an excellent example of the latter points. 
He stated (1988:23) that, with the exception of two cases, "Southwestern 
sites rarely have disclosed convincing feature and artifact evidence of on­
site pottery-making and pottery-firing areas." Yet, after summarizing 15 
"representative, but not exhaustive" cases where some evidence of pro­
duction had been recovered (9 of the 15 were considered "strong" cases), 
he concluded (p. 31) "that pottery was made at all types of large and small 
settlements" and argued that it may therefore be necessary to revise 
"centralized ceramic-production models." This conclusion is consistent 
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with Sullivan's defense of the traditional model of prehistoric South­
western societies, which postulates that ceramic production was charac­
teristic of most households. 

As one who has been an advocate of some of the alternative models, I, 
however, place the 15 sites that Sullivan discusses in the context of the 
many hundreds of sites that have been excavated in the Southwest where 
convincing evidence of production is lacking. Many of the strong cases 
are sites (e.g., Pueblo Bonito, Show Low Ruin, Kiet Siel, and Snaketown) 
that are much larger than average or atypical in other ways and, thus, are 
not good models for the areas and time periods when hundreds of small 
villages dotted the landscape. In addition, more than 50 percent of the 
utility pottery found at Pueblo Bonito was imported during some peri­
ods. The presence of production facilities at a site is thus compatible with 
the import or export of significant numbers of vessels. Noting the simple 
presence of production facilities does not begin to address the many 
questions that have been raised about degrees of specialized production 
or the differential exchange of different ceramic types and wares. Sulli­
van's sweeping conclusions are thus, from my point of view, so inconsis­
tent with the data he presented that they are perplexing. We simply see 
the same facts in, to use Kuhn's words, very different and incommensu­
rable ways. 

Given the impoverished studies on the history of technology and pro­
duction, we simply do not at present have a clear conception of the range 
of variation in production and exchange. However, now that questions 
about exchange and production are so central to current discourse, stud­
ies such as those presented in this volume will become a common and 
significant path toward resolving the current debates. I am therefore op­
timistic about the directions being taken in current research. At the same 
time, it is critical that we ask what must be done to move toward resolu­
tion, to the point where the individual studies of particular sites, areas, or 
time periods are not isolated pieces of information, but can be placed 
within a broader characterization of variation in production and ex­
change behavior. 

The Production and Organizational Continua 

As research progresses, I believe it is important that we keep in mind 
several issues that are underscored in this volume. Among the most cen-



Paradigms and Pottery 273 

tral is that we should measure exchange and production on a continuum. 
As noted in several chapters, production should not be dichotomized as 
either specialized or unspecialized, but should be measured as much as 
possible on a continuous scale ranging from production by each house­
hold in each village to specialized production by a single household or 
work group in only one village in a region. Similarly, we should not limit 
our discussions of exchange to noting presence or absence, but should 
describe variation along a number of dimensions (F. Plog 1977) and ex­
amine the relationships among exchanges of different ceramic wares or 
different materials (Wilson and Blinman, this volume). Oversimplified 
descriptions of exchange and production will only result in oversimpli­
fied understandings of cultural change. 

This desire for greater specificity must, however, be tempered by the 
quality of our data and the precision of our methods of measurement. 
Even in the best studies conducted to date, there is typically little evi­
dence that allows us to address directly the question of variation among 
households within a village. As Hegmon et al. (this volume) note, several 
potters in a single village may exploit the same raw material sources, 
making their products chemically and mineralogically indistinguishable. 
Thus, in most studies of Southwestern ceramic exchange, we are (at pres­
ent) essentially asking questions about whether production of a given ce­
ramic type did or did not occur within a village as a whole, rather than 
addressing variation in production at the household level. 

Our goal of continuous measurement should not be restricted to mea­
surements of production and exchange, however. We vastly oversimplify 
organizational variation in human societies when we conclude that sta­
tus differential is either present or absent, that groups are either egalitar­
ian or complex. To understand the evolution of Southwestern societies 
and to assess the extent to which production and exchange are linked to 
social differentiation and political development, we must measure varia­
tion along all of these dimensions-both our models and our methods 
must allow for continuous measurement. 

Sample Size and Variation 

Characterizations of production along a continuum are inseparable from 
the consideration of sample size (in terms of both the number of settle­
ments sampled and the number of sherds analyzed) and variation within 



274 Plog 

a sample. Here again we must avoid over-generalizations that may ob­
scure complex patterns. Evidence of production in more than one village 
in a given region does not mean that all villagers were producers. Evi­
dence of local (or nonlocal) production of a given ceramic type does not 
mean that all vessels of that type were produced locally (or imported). 
Evidence that all examples of one ceramic type were produced locally 
does not eliminate the possibility that other types were produced else­
where. These caveats regarding the problems of inferring from small 
samples to larger populations are particularly important because the 
multivariate statistical techniques that are often necessary for the analy­
sis of complex data sets (e.g., trace-element frequencies from instrumen­
tal neutron activation analysis) focus attention on samples that fit pat­
terns, not samples that deviate from those patterns. Important exceptions 
to central tendencies may thus be minimized, if not overlooked. 

The study of Hopi yellow-firing pottery from northern Arizona by 
Bishop et al. (1988) can be used as an illustration. They characterized 169 
vessels using instrumental neutron activation analysis and then em­
ployed multivariate analysis of the trace-element frequencies to identify 
primary-paste-composition reference groups that were site specific. 
Given the pioneering nature of their study, they cautiously suggested 
(1988:325) that only 103 vessels that could be assigned to one of three pri­
mary paste groups and were recovered from the presumed locus of pro­
duction could ''be assumed to have been locally produced." Based on 
these vessels, Bishop et al. (1988:333) concluded that "the evidence of 
ceramic production on the Hopi mesas between A.D. 1300 and 1600 
would appear to support a model of production wherein Hopi villagers 
at each site had equal access to resources and manufactured ceramics 
that were used on-site." 

Although I recognize the significant general pattern that Bishop et al. 
(1988) identified, I also note that they could not determine a production 
locus for numerous samples with the available information. At least 12 
vessels belonged to one of the primary paste groups, yet were found at 
sites other than the inferred locus of production (p. 330, Table 6); 32 
vessels were assigned to secondary paste-composition reference groups 
(p. 323, Table 2); and 34 vessels were not assigned to either a primary or a 
secondary group. Thus, a minimum of 39 percent of the vessels analyzed 
did not fit the criteria that Bishop et al. employed to identify local pro­
duction. The possibility remains that two of every five vessels were not 
locally produced. Their argument that the data support a model of local 
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production and consumption therefore seems premature (although the 
analysis continues [De Atley et al. 1991], and the authors are pursuing 
further source identification), given that we are ultimately interested in 
the production of all samples, not just those that fit the dominant pattern. 

Units of Study 

In a region where ceramics have been studied so intensively for so long, 
it is tempting to start our analyses by assuming that we already know 
how to sort the pottery into categories. Of particular relevance here is the 
common use of individual ceramic types to define separate populations 
for chemical or mineralogical characterization. Although this method 
may be appropriate in some instances, in other cases such categories may 
hinder our analyses. As Shepard (1965:85) argued, "the very method of 
classifying sherds-by reference to norms (pottery types)-obscures the 
record of change." 

There are three specific issues that are of concern. First, distinctions 
among Southwestern ceramic types (as opposed to distinctions among 
wares) are typically made on the basis of stylistic characteristics rather 
than on aspects of material composition. Material distinctions are un­
doubtedly relevant to efforts to identify patterns of chemical or miner­
alogical composition, but stylistic distinctions may not be. Second, the 
use of types assumes that the boundaries between categories are discrete. 
Numerous studies (e.g., Abbott and Walsh-Anduze, this volume; Neitzel 
1984; S. Plog 1991) have shown that the mutually exclusive clusters of at­
tributes that are the foundation of type descriptions have little empirical 
reality in many cases. Rather than discrete classes, the categories (i.e., 
types) overlap. Recent theoretical perspectives (S. Plog 1991) also raise 
the possibility that the existence of discrete types should not be expected 
in all times and places, but will depend on the nature of social dynamics. 
Third, as Abbott and Walsh-Anduze (this volume) demonstrate, these 
typological systems are based on certain assumptions about the causes of 
ceramic variation. By accepting those systems, we impose those assump­
tions on our data and unconsciously remove some dimensions of varia­
tion that we are striving to study. 

The study by Abbott and Walsh-Anduze is an exciting example of the 
new understandings that can be achieved when analytic units are care­
fully defined in a manner consistent with the questions being asked. Their 



conclusion-that the pattern of temporal change may not have been the 
result of uniform changes in production across a region as assumed by 
traditional typologies, but rather was a product of changes in local pro­
duction and exchange relationships-is strikingly similar to findings in 
the Chevelon drainage of east-central Arizona (S. Plog 1980). The latter 
discovery was also made when we eschewed traditional type definitions 
and instead employed petrographic and simpler microscopic identifica­
tions to define analytic groups. Traditional ceramic typologies, therefore, 
should be used as analytic units only with extreme caution, if at all. 

Context 

One of the key points emphasized by most of the articles in this volume 
is that we must pay increasing attention to the contexts in which ceram­
ics are produced and used. Vessels are not simply containers that vary in 
utilitarian function, but may also play important and active roles in vari­
ous social and religious affairs. As a result, vessel characteristics may 
have as much to do with those affairs as they do with the desire to make 
strong, durable containers suitable for processing or storing foods. Our 
attempts to explain similarities and differences or degrees of variation in 
ceramics must go beyond traditional factors, such as economic change or 
migration, and beyond the more recent emphasis on exchange, to con­
sider a broader range of variables and relationships. 

Zedefto (this volume), for example, suggests that the sudden appear­
ance of Roosevelt Red Ware (more typically referred to as Salado Red 
Ware [Crown 1994]) in the Grasshopper region at the end of the thir­
teenth century was a result of in-migration of people from the north as 
the Colorado Plateau was abandoned because of a serious drought. Be­
fore the change, decorated vessels (both bowls and jars) were primarily 
black-on-white; afterward most bowls were Salado Red Ware and most 
jars continued to be black-on-white. Zedefto argues that the immigrants 
"brought a few [Salado Red Ware] bowls with them and began to manu­
facture ... bowls with local clays"; this, in tum, "stimulated the adoption 
of a foreign ware by mountain potters." Alternatively, Montgomery and 
Reid (1990:95) proposed that the Salado Red Ware may have been "a 
low-fire solution to ceramic manufacture encouraged by increased resi­
dential stability" because "sedentism reduces the movement of pots and 
thus relaxes the need for the mechanical strength of high-fired ceramics." 
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In both studies, primarily economic factors (migration resulting from 
drought and greater residential stability) are the hypothesized causes of 
the production of Salado Red Ware. 

Both explanations, however, fail to account for one of the most inter­
esting aspects of the change-the strong association between bowls and 
early Salado Red Ware, on the one hand, and between jars and Cibola 
White Ware, on the other. If increasing residential stability relaxed the 
need for mechanical strength, why weren't all decorated vessels Salado 
Red Ware? Also, if immigrants brought a new pottery tradition that was 
then imitated by the indigenous inhabitants, why was that tradition lim­
ited to the manufacture of bowls? Although it could be argued that im­
migrants could have carried bowls more easily, this does not explain 
why there is little or no change in the relationship between form and ves­
sel color after the hypothesized migration. The strong association be­
tween ware (color) and form suggests that new explanations must be 
sought in the contextual and symbolic dimensions of the vessels. Crown's 
(1994) recent proposal that the symbolic aspects of the painted designs 
on the Salado Red Ware may have signaled participation in an emerging 
cult is one particularly intriguing hypothesis along the line that I am 
suggesting. 

Context is also important in the interpretation of the standardization 
measures that receive considerable attention in this volume. Some con­
texts of use, particularly those related to social relationships or ritual af­
fairs, may demand considerable standardization in vessel characteristics 
that is unrelated to either the number of producers or the ratio of pro­
ducers to consumers and has little to do with production efficiency (see 
Hegmon et al., this volume). For that reason, standardization measures 
are not straightforward indexes of productive specialization. 

Conclusions 

"It is becoming increasingly apparent that the actual point of manufac­
ture of several types may be much less widespread than was originally 
thought, it being possible that only a few families, or perhaps, villages, 
made most types and traded them to surrounding areas" (McGregor 
1965:101). 

John McGregor's statement is one of the few made before 1980 that 
hypothesize that specialized ceramic production in the Southwest may 
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have been common. Many similar proposals have been advanced in re­
cent years based on new conceptions of the structure and organization of 
prehistoric societies and tantalizing bits of new evidence. The paucity of 
detailed studies of ceramic technology and production in the years fol­
lowing the initial studies by Anna Shepard has always hindered tests of 
these hypotheses, but the papers in this volume illustrate an important 
shift in ceramic research toward the investigation of such issues. Although 
there is at present little consensus on the nature of production or the im­
plications of production and exchange data for questions of social orga­
nization and differentiation, that is not surprising given the complexities 
involved in understanding the modes of production of even a single 
ware in a single area. These papers demonstrate that significant progress 
is being made and that the debate over issues of production, exchange, 
and cultural change has really just begun. 
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II 
Creativity and Craft 
Household Pottery Traditions in the Southwest 

Melissa B. Hagstrum 

The hallmark painted styles of Southwestern pottery tradi­
tions, whether prehistoric, protohistoric, or contemporary, capture the 
imagination of people who behold them. Ceramic decorative styles, ves­
sel shapes, and materials of manufacture are subjects of delight and in­
quiry, presenting an astonishing array of distinctive regional and tempo­
ral expressions. Despite the creativity that these pottery traditions portray, 
the organization of ceramic craft production in the American Southwest 
appears remarkably uniform through time, across varied landscapes, 
and amidst many ethnic groups-an observation to challenge and enrich 
the conceptions of craft specialization. 

At the heart of each production scheme described in this volume is the 
household, whose autonomy and flexibility are well suited to the scope 
of demographic, sociopolitical, and ecological conditions detailed in 
these studies. Spanning the seventh through seventeenth centuries A.D. 

and set in the mountains, deserts, and highland valleys of the greater 
Southwest, this volume's papers provide insight into factors structuring 
household ceramic manufacture among the prehistoric Anasazi, Hoho­
kam, and Mogollon and the protohistoric Zuni. The scarcity of reliable 
resources, which constrained the family, produced similarities in the so­
cial organization of production recognizable throughout the Southwest. 
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Cultural coping strategies included many kinds of social interactions 
that are commonly preserved in the material record by distinctive craft 
technologies. 

Prehistoric Southwestern painted pottery is one such technology that 
can provide insight into ancient social, political, and economic dynamics. 
Throughout the region, pottery was crafted early on by family artisans 
and later by specialists, but all worked in domestic contexts (e.g., see the 
papers in this volume). Anna Shepard (Kidder and Shepard 1936; Shep­
ard 1942, 1965) pioneered petrography as a way to characterize Rio 
Grande ceramic composition and challenged the common wisdom that 
Southwestern pottery production was "one of the regular household 
tasks of every Pueblo woman, that each town was in this regard self­
sufficient" (Kidder and Shepard 1936:xxiii). Ever since Shepard's contri­
bution, subsequent compositional analyses have amplified her initial 
finding, as the papers here attest (see also Bishop et al. 1988). Although 
continuity in the household organization of Southwestern craft produc­
tion persisted across space and time, strategies for exchanging and dis­
tributing pots varied widely geographically and temporally, underscoring 
the adaptability of the household farm and craft studio. 

Southwestern pottery, despite being crafted in household contexts, is 
distinguished by creativity and beauty. Traditionally, "cottage craft in­
dustries" worldwide have been made by hands that tilled the soil and 
worked clay or fiber, wood or leather, metal or stone-household activi­
ties undertaken to sustain self and family. Most of the world's artisans 
throughout history have taken turns at food production and craft pro­
duction seasonally, year in and year out. The simple fact that artisans 
worked at home and engaged in the generalized subsistence activities 
characteristic of domestic production in no way diminishes the high 
artistic standard achieved by legions of these household craft producers. 

Design studies of Southwestern painted pottery, dating to Ruth Bun­
zel (1929) and Anna Shepard (1948), highlight skill and sophistication, 
practice and patience in craftsmanship (for more recent studies see, e.g., 
Hegmon 1986; Plog 1980; Washburn 1977). One may ponder the labor 
and expertise devoted to these painted pottery traditions. Indeed, the 
pottery's aesthetic qualities, beyond instilling a measure of pleasure in 
everyday existence, hold clues to cultural mechanisms. 

The theoretical understanding of craft specialization originates in stud­
ies of complex society (e.g., Brumfiel and Earle 1987; Childe 1951; Clark 



Creativity and Craft 283 

and Parry 1990; Costin 1991; Earle 1981; Feinman 1986; Peacock 1982; 
Rice 1981, 1991; Santley 1984; Sinopoli 1988; van der Leeuw 1977) and 
traces a typological continuum from family and household to factory 
and industry. Craft specialists in hierarchical society are defined accord­
ing to their economic support base, i.e., whether they are self-supporting, 
independent craftsmen or artisans attached to patron institutions or 
elites (Earle 1981). Independent specialists customarily produce utility 
goods for a broad market of elites and commoners alike-cookware, 
storage pots, and pots for carrying things. Attached specialists generally 
produce two kinds of goods: (1) utility items for institutional consump­
tion; e.g., Inka aryballoid jars for storing and serving maize beer at state 
installations; and (2) luxury items for social and political elites; e.g., tex­
tiles, such as Inka kumpi cloth, which serve as visible symbols of status 
and authority for elites who possessed them (Brumfiel and Earle 1987; 
Clark 1986; Earle 1987; Hodder 1982; Marcus 1974). 

Because sociopolitical integration and economic specialization were 
comparatively limited in the prehistoric Southwest (Johnson 1989; the 
papers in this volume), the production context of all crafts may be char­
acterized as independent (Hegmon et al., this volume). This fact beckons 
archaeologists to develop that portion of the craft-specialization contin­
uum focusing on the household unit of production (Hegmon et al., this 
volume; Wilson and Blinman, this volume). The twin goals of researchers 
should be to elaborate the independent artisan's process encompassing 
food-getting and craft-making activities, typically undertaken within the 
family circle, and to establish the roles of the potter's craft in subsistence 
and social strategies. 

This set of papers has aroused my interest in Southwestern painted 
pottery for its aesthetic appeal and its home-based production scheme. 
Neither of these aspects of the American Southwestern ceramic tradition 
has received the attention it merits: the creativity of Southwestern pot­
ters, artistically and strategically, was an important component of house­
hold production strategies in this region. These papers provide a catalyst 
for developing a more comprehensive framework to understand the role 
of the household in craft manufacture and its specialization in segmen­
tary societies. My commentary will weave together notions concern­
ing the artistry of the Southwestern potter and the centrality of the 
household for dealing with craft and agricultural production. As these 
concepts reinforce the pillars of the Southwestern pottery tradition, I 



will look at the roles of uncertain food production, social mobility and 
commodity exchange, creativity and making objects special, and socio­
political organization. 

Household Production: Why the Family Farm 
and Craft Studio Work 

The difficulty for human survival posed by arid Southwestern land­
scapes in prehistory is well documented (e.g., Dean 1988; Minnis 1985). 
The archaeological record of Southwest settlement and subsistence sys­
tems generally reveals a pattern of small, short-lived communities en­
gaged in precarious cultivation supplemented by wild resources (John­
son 1989; Zedefio, this volume). The unpredictability of rainfall patterns 
and temperature extremes, together with the overall scarcities of water 
and arable land, make for wide swings in the annual harvests of South­
western agriculturalists. Successful adaptation to these conditions rested 
on small-scale social groups-the family and household-whose auton­
omy and flexibility ensured that decisions and responses to environmen­
tal uncertainty and crisis, whether natural or cultural, were unencum­
bered and implemented with ease (Hagstrum 1989, 1995). Indeed, the 
autonomous household would appear to be the basic building block in 
segmentary societies. 

The papers in this volume pinpoint the self-sufficient farming house­
hold as the key production unit for ceramic manufacture. Prehistoric 
Southwestern pottery traditions delimited elemental technological enter­
prises: labor recruitment was founded on kinship ties, craft technologies 
were simple and widely available, resource access was generally unre­
stricted, and moreover, the distribution of craft goods appears not to 
have been limited to any particular segment of society (Crown, this vol­
ume; Habicht-Mauche, this volume; Johnson 1989). Production of this 
kind generally frees artisans to establish work patterns to accommodate 
all household activities, whether economic, social, or ceremonial. Sched­
uling such activities in complementary ways minimizes competition 
among tasks and work hands. 

Focusing on the internal processes of the farming-artisan household 
sharpens the understanding of self-sufficiency as a goal and practice for 
family management, scheduling, and provisioning. Food production and 
craft manufacture form the fabric of the independent artisan's everyday 
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life (Hagstrom 1989, 1995). Both tasks, complements in the domestic sub­
sistence economy, sustain the family. Household self-sufficiency in terms 
of labor requirements for farming and craft activity is a most effective 
economic strategy. In accomplishing the regular and recurring daily, 
monthly, and yearly tasks, the family work team can be juggled easily. 

Because they do not achieve complete self-sufficiency, households rely 
on various mechanisms linking them to the outside world. Thus, inter­
acting with people through ceremonial activities and other ways of ex­
changing items and information would have provided sustenance and 
knowledge for people making their way in a difficult arid environment. 
Mobility, moreover, appears to have been a key strategy for coping with 
local stress and for taking advantage of distant opportunity (Johnson 
1989; Zedefi.o, this volume). 

Assessing the Organization of Ceramic Production 

To delineate the organization of ceramic production in the case studies 
presented here, all authors have employed ceramic compositional analy­
sis, pinning down patterns of resource use and areal extent of pottery 
distribution. Because most archaeological evidence concerning the orga­
nization of ceramic production is indirect (Wilson and Blinman, this vol­
ume), the strength of these papers is their pairing of material characteri­
zations with other indicators of productive organization. Hegmon et al., 
Crown, and Mills (all in this volume) assess standardization in attributes 
related to vessel shape, Hegmon et al. assess standardization in attri­
butes related to manufacturing technique and design execution, and 
Crown assesses labor invested in the execution of painted decoration. 

Stark's (this volume) treatment of issues encountered in using mea­
sures of standardization to infer specialized pottery manufacture are 
well considered for archaeological ceramics. Her ethnographic work pro­
vides a forum for evaluating this problematic relationship in archaeolog­
ical settings, for which researchers must isolate material evidence for the 
individual processes of production, consumption, and distribution; con­
trol for time; and shun ethnocentric bias. Mills (this volume) highlights 
the key cautions in using standardization as an indicator of specializa­
tion: (1) standardization is a relative concept requiring case comparisons 
to establish contexts for production schemes (Rice 1991); (2) standardi­
zation is best reflected in ceramic assemblages by controlling for size 
and shape classes (Longacre et al. 1988); and (3) the critical underlying 
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variable in assessing standardization is the ratio of producers to con­
sumers (Stark, this volume). 

To understand the nature of household craft production in the prehis­
toric and protohistoric Southwest, Hegmon et al. (this volume) specify 
three basic modes of production defining the independent artisan strategy: 
(1) unspecialized household production, where every family makes its 
own pottery; (2) dispersed household specialization, where a few house­
holds make crafts for other families in the same community; and (3) com­
munity specialization, where a few households make crafts for families 
in other communities throughout a region (Costin 1991). All of these 
strategies couple food production with craft production at the household 
level, and all are influenced by the many factors structuring technologi­
cal systems: the geographic distribution of suitable raw materials, the 
subsistence emphases of populations, the technological complexities as­
sociated with different wares, and the utilitarian and social roles of ves­
sels (Wilson and Blinman, this volume). These modes of production, more­
over, encompass a broad range of distributional strategies (addressed by 
papers in this volume) that emphasize the flexibility of the household. 

This trio of household production schemes suggests trends in sociopo­
litical and economic organization-increasing population size and orga­
nizational complexity together with increased reliance on agriculture. 
These developments, as Wilson and Blinman (this volume) emphasize, 
were cyclical rather than unidirectional. This cyclic pattern (in the short 
run)-the trajectory of which was aimed toward population densities 
aggregated in large communities (in the long run)-underscores the im­
portance of household adaptability. The paper by Mills (this volume), 
analyzing production strategies immediately preceding and postdating 
European contact with the protohistoric Zuni, possibly illustrates an 
exception to the trajectory just described, but certainly demonstrates 
household adaptability in the face of crisis. 

A caveat is in order: the typology of production outlined here pro­
vides a heuristic structure focusing on the role of the household in South­
western ceramic-production strategies. Although these organizational 
strategies form a continuum with messy overlaps and boundaries for 
analysis, modal differences are indeed distinct. These modes of produc­
tion, moreover, may have overlapped spatially and temporally in the 
past as well. 

Dispersed household specialization and community specialization 
likely display considerable overlap in the record, making assessment dif-
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ficult in some archaeological cases. A fruitful strategy would be to con­
sider several parameters that affect specialization: context, concentra­
tion, scale, and intensity of craft production (Costin 1991; Hegmon et al., 
this volume). Likewise, Rice's (1991) formulation, specifying resource, 
site, and producer specialization, provides another analytic approach 
(Crown and Hegmon et al., this volume). Finally, analysis of the range of 
pottery in an individual archaeological assemblage, rather than analysis 
of a single type, gives insight into the various structures of production 
and economic interaction of a social group (Costin and Hagstrom 1995). 
Craft production schemes are multidimensional and thus require careful 
consideration of all pertinent contextual information. 

Unspecialized Household Production 

The domestic mode of production, where each family makes crafts for its 
own use, defines a generalized economy underscored by self-sufficiency 
(Sahlins 1972). Although no endogamous human social group can claim 
complete self-reliance, the domestic mode of production broadly charac­
terizes a constellation of autonomous producers. No person or task is 
specialized, so socioeconomic interdependence beyond the domestic 
group is minimal. 

Unspecialized household production thus affords maximum auton­
omy and flexibility because the domestic group meets its own basic 
needs for survival. This self-sufficiency, in tum, affords maximum mobil­
ity-the family can decide to move on a whim because of the group's 
small size and its lack of administrative bureaucracy. 

Mobility, whether of families or larger social configurations, may be 
recognized as an adaptive strategy under contrasting circumstances, in 
times of plenty and in times of want. Early in Southwestern prehistory, 
the hunter-gatherer strategy prevailed in the face of low population den­
sities and relative resource abundance (Cordell 1984). In later prehistory, 
social mobility provided a mechanism for surviving ecological disaster 
(e.g., the Great Drought at the end of the thirteenth century, as described 
by Zedeno, this volume) and cultural crisis (e.g., the population decima­
tion wrought by European contact, as described by Mills, this volume). 

Although most of the papers in this volume do not discuss unspecial­
ized household production per se, it is clear that the form and function­
ing of the relatively autonomous farming household was central in 
Southwestern ceramic production schemes. 
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Dispersed Household Specialization 

In its simplest form, dispersed household specialization may be described 
as a mere step past the domestic mode of production (unspecialized 
household production). Family producers make a few craft goods be­
yond their household needs, thereby establishing exchange relationships 
with other families. Producing families are dispersed throughout the 
consuming population within the same community. Because the house­
hold defines the unit of production, this organizational scheme affords 
the same opportunity for mobility that was outlined for unspecialized 
household production, for two key reasons: (1) the family remains the 
unit of production and is basically autonomous and flexible; and (2) ce­
ramic resources, suitable for pottery making, are generally ubiquitous 
throughout the Southwest (Cordell and Plog 1979). 

Dispersed household specialization is a strategy common to most of 
the studies in this volume and was probably common throughout much 
of the prehistoric and protohistoric Southwest. Although it encourages 
some economic interdependence, it preserves household flexibility. 

Community Specialization 

Community household specialization differs from dispersed household 
specialization primarily in the spatial distribution of both producers and 
their goods (Hegmon et al., this volume). The specialized community 
likely localizes family pottery-making work groups near resources, pro­
viding opportunities for pooling labor, tools, and transportation. Whereas 
the wares of community specialists are distributed to other communities 
(involving greater distances and suggesting both regional and formal­
ized exchange systems), those of dispersed specialists are distributed to 
members of the potters' own community (involving shorter distances 
and suggesting local exchange systems). 

Because community craft specialists produce goods for individuals 
outside of their own local districts (see especially Abbott and Walsh­
Anduze, and Habicht-Mauche, this volume), a larger population is de­
pendent on specialist producers to meet its basic needs. In tum, special­
ists are dependent on the population's larger demand for goods to sustain 
their own livelihoods. Dependence encourages specialization and results 
in the increased economic integration of a society (Hagstrum 1985). 
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The Currency of Things: Why Craft Specialization 
Exists in the Southwest 

Material culture provides a way for people to ally themselves with one 
another. The simple acts of making an object and giving it away or trad­
ing it for something else create webs of social and economic ties that 
buffer people in many ways, corporeal and spiritual, against difficult 
conditions for survival. In the Peruvian Andes today, for instance, pots 
are manufactured to use in food preparation, serving, and storage as well 
as to barter, in established contexts, for food the family needs, either be­
cause it could not be grown in its own fields (ecological niche; e.g., maize 
cannot be grown reliably above a 3,400-m elevation), or because the 
household happened upon a shortfall (ecological risk; e.g., lack of rain or 
untimely frost). Pots are exchanged throughout the region defined by the 
highland valley at festival markets held during the harvest season. Such 
a system distributes resources, food, and craft throughout a regional net­
work (Hagstrum 1989). 

Resource variability, risk, and social networks are topics of interest 
and importance to archaeologists for understanding adaptations to arid 
conditions in the Southwest (e.g., Rautman 1993). Regional social net­
works are thought to play a key role in the members' ability to assess and 
deal with environmental variability in nonhierarchical societies (e.g., 
Braun and Plog 1982). This line of reasoning suggests that social net­
works distribute risks and benefits arising from environmental variabil­
ity by providing a way for people to monitor conditions in more remote 
areas: networks define social groupings for population movement, and 
facilitate decision making (Rautman 1993). The archaeological record 
preserves evidence of recurrent use of those cultural options, with mate­
rial correlates, for coping with resource variability and risk. 

Pottery has been used to evaluate social interaction and movement in 
several ways, including design similarity (e.g., Plog 1980) and technolog­
ical (e.g., Zedefto, this volume) and material signatures (e.g., all papers, 
this volume). Such analyses of ceramic vessels can indicate either ex­
change of vessels themselves or social contact that results in adoption of 
similar design patterns, manufacturing techniques, or resource use. 
Whether designs or techniques were copied in local pottery production 
(Zedefto, this volume) or whether actual vessels were imported are both 
alternatives that suggest a level of contact that would facilitate group 
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mobility and food exchange between regions (Rautman 1993). 
Nutritional requirements may have opened the channels for trade in 

regions marked by environmental contrasts (e.g., the Plains and the 
Pueblos [Spielmann 1982]), but craft goods certainly coursed through 
those channels to meet basic survival needs and to keep the channels 
open for the passage of food and people in stressful circumstances (Raut­
man 1993). People did indeed march along these routes to pursue more 
favorable conditions when their own situations became unproductive 
(Johnson 1989; Zedefio, this volume). Likewise, regions marked by envi­
ronmental redundance (e.g., the Rio Grande pueblos [Ford 1972]) suffer 
unpredictable environmental fluctuations that may affect pockets within 
the region. In such settings, the craft economy may be structured by arti­
ficial specialties to promote exchanges and to foster security between 
trading partners when food for one is in short supply. 

Social Mobility 

One of the salient features of the American Southwest was its agricul­
tural marginality. Environmental variability in spatial and temporal 
terms underlies shifting patterns of settlement and land use throughout 
the region-a strategy befitting societies defined as segmentary and 
structured on the autonomous household. The relationship of social mo­
bility and the organization of ceramic manufacture may be best de­
scribed by unspecialized or dispersed household production schemes, 
although one can certainly envision events in Southwestern prehistory 
that would have prompted the movement of community specialists, still 
structured by the more-or-less autonomous household. 

I have already mentioned the currency of pots (other crafts obviously 
would also be pertinent) in founding and maintaining social networks, a 
crucial means of buffering people against the short-term ecological va­
garies of this part of the world. I also suggested that, in times of particu­
lar hardship (the Great Drought is an extreme discussed by Zedefio, this 
volume), people would likely trace the same pathways their material 
goods had traveled because this was the mechanism for keeping abreast 
of distant prospects. The insights from Zedefio's work highlighting the 
roles of population movement and technological transfer suggest prof­
itable ways to decipher subtleties and complexities in the Southwestern 
ceramic record that bear on the social and economic interactions engen­
dered by environmental misfortune. Understanding the movement of 
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pots through a region requires compositional analysis and provides clues 
to the "currency of things." Understanding social mobility requires both 
compositional and technological analysis, as Zedefio specifies, and offers 
possibilities of unscrambling periods of ethnic coresidence. Habicht­
Mauche' s (this volume) analysis of the Santa Fe Black-on-white pottery 
from the Rio Grande Coalition period illustrates clearly a broad social 
network based on the currency of pottery, ensuring mutual access to lo­
cal shared resources and information about more distant resources. 

It strikes me that the widespread distribution of Salado polychromes 
in the fourteenth century may be a phenomenon partially attributable to 
movements of both pots and people. Crown's work (this volume), 
demonstrating that the polychromes were used for predominantly do­
mestic purposes, supports my views concerning the centrality of the 
household in ceramic production and consumption and has implications 
for the relationship of craft economy and sociopolitical organization (dis­
cussed below). 

Commodity Exchange 

Commodity exchange suggests a formalized and perhaps routinized 
aspect of this notion I call the currency of things, as the research on Classic 
period Rio Grande glaze wares (Habicht-Mauche, this volume) and Ho­
hokam red wares (Abbott and Walsh-Anduze, this volume) demonstrates. 
The critical variable is the scale of economic integration encompassing 
socially distant groups. Commodification-a process whereby goods once 
produced primarily for local consumption become manufactured in 
larger quantities for distribution outside the local district-describes the 
same mechanism referred to above, sustaining social supports to lean on 
in times of local strife (Habicht-Mauche, this volume). 

In the Rio Grande region, shifts in settlement structure resulting from 
population growth and aggregation in large communities are reflected in 
the ceramic record. The production and consumption pattern of deco­
rated pottery shifted from that described by a dispersed household 
model (with informal links throughout the region) to one best portrayed 
as community specialization (within a highly integrated regional eco­
nomic system; Habicht-Mauche, this volume). The synchronic occur­
rence of glaze ware specialization and population aggregation is intrigu­
ing. Manufacturing glaze ware involved a specialized technology and 
lead, a resource limited in geographical distribution (a clear example in 
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which site specialization, resource specialization, and product specializa­
tion [Rice 1991) intersect). 

Abbott and Walsh-Anduze (this volume) recognize a similar pattern 
in the late Classic period red wares of the Phoenix Basin. They interpret 
that the social contexts of recovery of these ceramics (more prevalent in 
burials than trash and in ceremonial precincts near platform mounds) in­
dicate formalized distribution by socially distant parties. This exchange 
structure suggests both economic and social integration, which forged 
interdependent links through a ceremonial network and reciprocal social 
obligations. I think what was most important about the currency of 
things in the Southwest was the social-buffering mechanism that mater­
ial objects reinforced, whether on a relatively ad hoc or on a formal basis. 

Creativity in the Ceramic Arts: 
Why Southwestern Pottery is Beautiful 

An appreciation of the technical mastery and visual appeal of South­
western painted pottery unites scholars, travelers, Native Americans, 
and pot hunters alike. Academic, avocational, and illicit interest in pre­
historic artifacts tells the same story over and over around the world. The 
draw of an exquisite handmade object clearly transcends tens of thou­
sands of years, belying a common human passion for creativity and craft. 

Anthropologists address the arts and crafts of human groups as cul­
tural phenomena, identifying forms and functions in economic, politi­
cal, spiritual, social, and practical terms. To conclude my commentary, I 
will speak of the aesthetic appeal of Southwestern pottery traditions as a 
behavioral response in an uncertain environment for food production 
and as an expression of sociopolitical organization in nonhierarchical 
societies. 

Creativity and Craft 

What is striking about the creation of art and craft, whether past or pre­
sent, is the universal human proclivity to make the products special and 
the human tendency to respond to such specialness. The activities in­
volved in making something special, as in decorating or embellishing a 
pot, entail both taking pains to execute the tasks and taking those tasks 
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seriously. Taking pains to make something special is a way of being more 
certain of achieving one's intention, of convincing others and oneself that 
the activity is worth doing (Dissanayake 1988, 1992). When such activity 
is attached to life-serving activities, such as exchanging food for suste­
nance and maintaining social alliances for security, the decorative elabo­
ration of pottery may actually have an essential element, to enhance sur­
vivorship. Why are pots decorated? Nature does not leave advantageous 
behavior to chance; she makes it pleasurable, such as eating and sex. 

Politics and Pottery 

The relationship between developing craft specialization and the evolu­
tion of early states has recently been understood, among other things, to 
be rooted in the strategies emergent elites use to maintain or increase 
their political authority (Blanton and Feinman 1984; Brumfiel and Earle 
1987; Friedman and Rowlands 1977; Pollock 1983). In this scenario, elites 
employ craftsmen and their products to further their political agendas. 
These prestige craft goods, customarily exotic personal ornaments, are 
shaped from materials, whose access is restricted (either by cost or code), 
according to labor-intensive techniques (acquired and executed by highly 
skilled artisans). 

This thumbnail sketch of the relationship of politics and crafts in com­
plex society provides counterpoints to foster the understanding of this 
relationship in nonhierarchical societies. By definition, political author­
ity, agenda, and prestige do not play roles in acephalous societies. Al­
though access to resources may be restricted in nonranked as in ranked 
social formations by geographical circumscription and territorial bound­
aries, the denial of access to resources on political grounds, especially to 
drive up value, is absent. The material assemblages of egalitarian soci­
eties, moreover, are generally characterized by goods fashioned from lo­
cally available, rather than exotic, resources. 

In the absence of these roles and constraints, household artisans may 
embellish a craft, such as pottery (whose main ingredient, clay, is widely 
available across the Southwest), particularly if that craft were central in 
the subsistence economy. Were I writing about craft specialization in 
the Inka-period Andes, I would focus on the political economy and dis­
cuss why Inka cloth is beautiful. Cloth, unlike pottery, can be elaborated 
with costly materials and invested with increasing amounts of labor ad 
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nauseam: gold threads, exotic bird feathers, and rare dyes can be added; 
the density of weave and intricacy of pattern can be made ever finer and 
more complex. 

Pottery does not have the nearly infinite possibilities for costly elabo­
ration that cloth has, but it does have infinite possibilities for plastic and 
painted embellishment. The captivating array of Southwestern pottery, 
shaped by remarkable hands that also tilled the soil, illustrates that such 
embellishment is restricted only by human creativity and ingenuity­
limited limitations, indeed. 

Conclusions 

I have simplified and streamlined many intricacies of the work presented 
in this volume for the sake of argument and emphasis. I do not think I 
have overstated my case for the ubiquity of the household organization 
of pottery production throughout the Southwest nor my case for special­
ized manufacture to describe much of the Southwestern ceramic record. I 
am aware that mere mention of the word specialization in the Southwest 
(and in many other areas, for that matter) raises the hackles of some ar­
chaeologists. This is unfortunate. I imagine the term may evoke images 
of workshops, assembly lines, and heavy equipment-potters' wheels 
and kilns-which are clearly inappropriate for any conceptualization of 
ceramic manufacture in this region. 

Instead, if archaeologists think of specialization as embodying the 
simple notions of people relying on one another and sharing with one 
another, then they will have a concept worth exploring in the realm of 
Southwestern ceramic craft production. The core meaning of specialized 
production is the creation of interdependencies; everything else is eco­
nomic, political, and ideological embellishment that is appropriate for 
and vital in only specific situations. 

The humble farming household is remarkably elastic in terms of what 
it can do and when it does it. Householders are remarkably clever in the 
achievements (in productivity and creativity) they attain with little in the 
way of wherewithal. The household production unit is a flexible compo­
nent of human social organization, an enduring solution to the problems 
of production, whether of food or craft (Netting 1989). This point is reit­
erated and illustrated beautifully by the papers in this volume. 
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