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Foreword 

I f Southwestern archaeologists agree on anything, it is 
that their exceptional pottery encodes more infor­

mation on prehistoric village farmers than any single 
material category of the archeological record. In fact, 
outsiders struggling with plain brown pottery manufac­
tured seemingly unchanged for centuries gaze longingly 
at the highly decorated, multicolored pottery of the 
Southwest. Inured to their ceramics and indifferent, 
perhaps, to the outside world of plain ware, South­
westerners pick away at the alleged excesses of for­
bears and contemporaries alike. Traditionalists are 
routinely castigated for their slavish concern with 
taxonomy and chronology while processualists are de­
rided by some for jumping too quickly to conclusions of 
prehistory's nonmaterial features and by others for not 
delving deeply enough into the recesses of the prehis­
toric mind. To an outside world still worrying with 
brown plain sherds, this squabbling resembles the bick­
ering of wealthy relatives on a weekend in the country. 

Regardless of superficial appearances and doctrinal 
posturings, the fact is that much "old-time" ceramic 
analysis remains to be done on the already much studied 
pottery of the American Southwest. And it is here that 
Nieves Zedefio's study makes a signal contribution by 
setting out clearly the contemporary analytical proce­
dures for answering one of the long-standing questions 
of ceramic-based inference: "Was the pot made locally 
or nonlocally?" Determining the place of production is, 
of course, critical to reliable inferences of ceramic 
circulation involving trade, exchange, or reciprocity; of 
teaching frameworks underlying reconstructions of 
organizational principles; and of the semantic content of 
designs and symbols. In this last regard, for example, 
it is improbable, when producers and users of a vessel 
come from different places and cultural backgrounds, 
that the meaning of the producers' designs will be 
shared by the users. The present study, therefore, 
establishes the criteria against which identifications of 
production locale may be judged and the supporting 
analysis may be evaluated. 

[ix] 

Zedefio's study is also one piece in a large analytical 
program being put together at Grasshopper, which is in 
turn an outgrowth of a long research tradition at the 
University of Arizona. Whereas Zedefio's research fo­
cuses on determining where pots were made and how 
they got to Chodistaas Pueblo, Barbara Montgomery's 
(1992) research begins at Chodistaas with the movement 
of pots within the village, from use to discard, and ends 
with the recovery of whole pots and broken pieces by 
the archaeologist. Furthermore, the ceramic analyses of 
Zedefio and Montgomery refine and enlarge the prelimi­
nary study of Chodistaas ceramics recovered in the late 
1970s by Patricia Crown (1981). Thus, it has taken 
over 15 years and three major dissertation studies on the 
ceramics from an 18-room pueblo to establish a frame­
work for the investigation of ceramics from the neigh­
boring 500-room Grasshopper Pueblo, where Daniela 
Triadan is studying the production of Fourmile Poly­
chrome for her doctoral dissertation. If the ratio of dis­
sertations to rooms at Chodistaas Pueblo holds at nearby 
sites, then we look with horror at the prospect of 80 
dissertations on Grasshopper ceramics. Although this 
figure is unrealistic, it serves to convey a sense of scale 
in the ceramic analyses that have characterized Univer­
sity of Arizona archaeological field schools. As far back 
as Emil Haury's first field school in the Forestdale Val­
ley, we see the critical role of ceramics in authenticat­
ing the Mogollon concept, establishing Mogollon pot­
tery as earlier than Anasazi pottery, and supporting 
Haury's view of the eventual merging of the Mogollon 
and Anasazi. 

It was· while the field school was at Point of Pines 
that refinements to ceramic taxonomy became a domi­
nant theme. Out of that intellectual environment came 
the type-variety method of classification by Joe Ben 
Wheat, James Gifford, and William Wasley (1958) and 
David Breternitz's (1966) classic synthesis of ceramic 
cross dating. Little wonder, then, that Raymond Thomp­
son's move to Grasshopper was in part to solve ques­
tions whose answers lay in ceramic analysis (Thompson 



x Foreword 

and Longacre 1966). When William Longacre took over 
as director in 1966, traditional concerns with taxonomy, 
population movement, and trade were augmented by 
processual archaeology's dual emphasis on ecology and 
social organization (Longacre and Reid 1974). Clearly, 
many of these questions about past culture and behavior 
have been around for some time. What is new are the 
powerful techniques of analysis to establish credible 
answers. 

It may seem hackneyed to speak of merging tradi­
tional questions with contemporary analytical tech­
niques, but such is the practical world of prehistoric 
archaeology. It is difficult to imagine many questions 
about the past that have not already been posed in some 
form by Kidder or Haury. It is equally difficult to pre-

diet where future analytical techniques will take us. The 
major contribution of Zedeiio's study, then, is the struc­
ture of the research in combining compositional, techno­
logical, and design analysis into a coherent package. 
Thus, it is not so much the question that drives our 
research, but the solution, and herein Zedeiio demon­
strates how solutions are to be achieved and clearly 
presented. This study will become a standard reference 
for archaeologists seeking multiple analytical pathways 
to the identification of local or nonlocal ceramic manu­
facture and the interpretation of its meaning in pre­
history. 

J. Jefferson Reid 
April 18, 1994 



Preface 

0 ne feature that distinguishes contemporary ceramic 
research from traditional and early processual 

studies of pottery from archaeological sites in the 
American Southwest is the increasing use of chemical 
and petrographic characterization of ceramic pastes for 
reconstructing prehistoric ceramic manufacture and 
circulation. Petrography, or temper analysis, has been 
applied to Southwestern ceramic materials since the 
1930s, when Anna Shepard conducted a study of pottery 
from Pecos Pueblo. However, it is only during the last 
ten years that archaeologists have begun to realize the 
importance of incorporating sourcing techniques in the 
identification of local and nonlocal ceramics. 

The wealth of information on prehistoric Pueblo 
peoples that has been gathered through recent ceramic 
studies invites archaeologists to rethink the conceptual 
basis for reconstructing behavior from the patterning of 
ceramic variation. I suggest that the process of rethink­
ing ceramics requires not just the development of new 
theoretical models for reconstructing prehistoric be­
havior, but a careful reevaluation and consideration of 
previous frameworks that have successfully shaped 
archaeological research in the American Southwest for 
almost a century. 

Complex information on ceramic paste composition 
can be most cogently interpreted when an approach is 
followed that integrates all aspects of variability rele­
vant for isolating the behaviors involved in ceramic pro­
duction and distribution. This integration, too, implies 
a reevaluation of the dimensions as well as the units of 
observation and analysis used for partitioning ceramic 
variation according to the locus of manufacture. 

This monograph presents an analytical case where 
the source of prehistoric ceramics and the possible 
mechanisms of ceramic circulation were reconstructed 
using data on manufacturing technology, style, and 
paste composition. An analytical case in prehistory is 
one that the archaeologist not simply discovers but 
builds through analysis and argument, one that is con­
sidered the most appropriate for investigating a specific 
problem (Montgomery and Reid 1990: 89). Chodistaas 
Pueblo in east-central Arizona, an 18-room masonry 

[xi] 

ruin occupied for no more than 40 years (from A.D. 

1263 to about 1300), presents ideal conditions for build­
ing a strong analytical case for identifying local and 
nonlocal pottery and for inferring behavioral mecha­
nisms of ceramic circulation. 

The value of the Chodistaas ceramic assemblage for 
undertaking this research is that it comprises a range of 
variability that one would expect to find in much larger 
sites, where temporal and contextual associations are 
often ambiguous and where the acquisition of a sample 
of ceramics representative of the whole site would re­
quire an unrealistic amount of excavation. At Chodis­
taas Pueblo, temporal and contextual associations are 
controlled, and the whole-vessel assemblage is represen­
tative of virtually the entire settlement. These unusual 
conditions allow the archaeologist to concentrate on the 
investigation of specific methodological problems such 
as the identification of local and nonlocal ceramics 
where direct evidence of ceramic manufacture is absent 
in the archaeological record. This broadly applicable 
methodology for making such identifications has been 
developed in a highly controlled archaeological record 
where: (1) absolute chronology was available and the 
ceramics represented a chronologically limited period of 
time, (2) sample size was adequate, (3) ceramics repre­
sented a wide range of stylistic and technological varia­
tion, ( 4) provenience and contextual associations were 
well-defined, and (5) formation processes were properly 
controlled. Under these conditions, a strong analytical 
case for identifying local and nonlocal ceramics has 
been built. 

The study of ceramics from Chodistaas Pueblo 
underscores the usefulness of analyzing small, single 
component but well-dated and controlled archaeological 
sites for isolating ceramic-manufacturing and ceramic­
circulating behaviors. A single case, archaeological or 
ethnographic, cannot be projected uncritically to other 
times, peoples, or places, but this particular case in 
prehistory does provide insights into the conceptualiza­
tion, methodology, and empirical evidence of ceramic 
manufacture and circulation in neolithic-level communi­
ties of the American Southwest. 



xii Preface 

This book begins with a critical history of ceramic 
studies in the Southwest and the ways in which the 
evolution of archaeological theory and method shaped 
and continue to shape such studies, in particular those 
addressing ceramic manufacture and circulation. Chap­
ter 2 offers a tridimensional framework for identifying 
local and nonlocal ceramics. A definition of local manu­
facture and the necessary evidence for determining 
locally manufactured ceramics are presented in Chapter 
3, and archaeological and ethnographic information is 
used to delineate behavioral mechanisms involved in the 
circulation of ceramics (movement of pots, movement 
of people, and movement of raw materials) and their 
material correlates. Chapter 4 places the site of Cho­
distaas in time and space and introduces formal descrip­
tions of decorated and undecorated wares represented in 
the whole-vessel assemblage at the site. 

The next four chapters describe methodological 
approaches to the study of ceramic style, technology, 
and provenience as indicators of ceramic manufacture 
and circulation; evaluate local sources of raw materials; 
present data on stylistic, technological, and compo­
sitional variation of corrugated and plain wares and of 
polished-painted wares; and discuss the possible mech­
anisms of circulation of nonlocal wares. The volume 
concludes with observations about the theoretical and 
methodological implications of this study and their use­
fulness for reconstructing the prehistoric behaviors 
involved in the manufacture and circulation of ceramics 
in the Grasshopper Plateau and adjacent regions. 
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CHAPTER ONE 

The Provenience of Prehistoric Ceramics 

F or decades archaeologists have used prehistoric 
pottery to infer economic, social, and political 

activities of the people who made and used it. These 
durable ceramic bits and pieces have formed the core of 
investigations aimed at reconstructing the lifeways of 
prehistoric populations. Aspects of cultural-ethnic affil­
iation, population movement, community organization, 
intersite economic and political interaction, exchange of 
information and goods, and sociopolitical complexity 
may be discerned from the patterning of ceramic varia­
tion. To make such inferences, however, pottery made 
locally and vessels manufactured elsewhere must first be 
identified, for no interpretation of the behaviors con­
veyed in archaeological ceramics can be approached 
without prior indication as to whether those who crafted 
the pots were the same as those who discarded them. 

Our theoretical and methodological perspectives on 
the manufacture and circulation of prehistoric ceramics 
have a century-old history in the American Southwest, 
where travelers, archaeologists, ethnographers, and art 
historians have contributed their knowledge to our 
understanding of the development of American Indian 
ceramic traditions. In this review of the historical 
background of research in prehistoric Southwestern 
ceramics, I focus specifically on those studies that 
involved, directly or indirectly, the use of assumptions 
about ceramic manufacture and provenience, on the po­
tential and limitations of traditional and contemporary 
ceramic studies, and on an evaluation of the aspects of 
those studies that are useful for reconstructing ceramic 
manufacture and circulation. 

CERAMICS AND CULTURE HISTORY 

Ceramic description and classification in the Amer­
ican Southwest began to develop toward the end of the 
nineteenth century (Dunnell 1986). It was Holmes 
(1886) who formally introduced the concept that ves­
sels and their properties were attributes useful for 
constructing pottery groups. Holmes undertook ex­
tensive research into ethnographic accounts of pottery 
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manufacture and use, and he advanced sugge~tions 
about the evolutionary significance of variability in 
ceramic technology, form, and ornamentation that he 
observed throughout the American Southwest. Although 
his attempts to construct pottery classifications did not 
go beyond the gross division of ceramics into wares 
based on surface treatment, he saw classification as an 
analytic tool potentially capable of both spatial and 
temporal measurement, and his analysis provided the 
initial step toward this objective (Dunnell 1986: 163). 
It was not until the chronological work of Kroeber 
(1916), Nelson (1916), and Spier (1917) was published 
that Southwestern archaeologists began to focus more 
consistently on the potential of ceramic classification for 
reconstructing culture history. 

TRADITIONAL ASSUMPTIONS 

Between the late 1920s and 1950s, archaeologists 
working in the Southwest were concerned mostly with 
delineating cultural boundaries, establishing regional 
chronologies through ceramic typology, and inferring 
ethnic affiliation and cultural relationships (Kidder 
1924). A number of ceramic surveys in Arizona and 
New Mexico sought to define the origins and spatial 
limits of prehistoric Southwestern cultures. For exam­
ple, the Gladwins organized extensive surveys with the 
Gila Pueblo Archaeological Foundation to define the 
extent of the "Red-on-buff Culture" (Gladwin and Glad­
win 1934, 1935). Stratigraphic excavations, and later 
tree-ring dating, were used to monitor the temporal 
changes in ceramic assemblages that were crucial for 
building regional chronologies. It was during the 1930s 
that the Southwestern typological system of ceramic 
classification was formalized. Colton and Hargrave 
(1937) produced a regional synthesis of typological 
description, chronology, and geographic distribution of 
ceramics in northern Arizona. Haury's work in the 
Forestdale Valley of east-central Arizona (Fig. 1.1) 
contributed to the formalization of Mogollon ceramic 
typology as a tool for reconstructing regional chronol­
ogies and intercultural relationships (Haury 1936, 1940). 



0 
I 
0 

N 

I 
50 Miles 
( I I 

IOOKm 

Figure 1.1. Selected archaeological sites and regions in the American Southwest. (Base 
map courtesy of the Laboratory of Tree-Ring Research, University of Arizona, Tucson.) 
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Temporal and spatial reconstructions of discrete 
cultural entities based on ceramic traits rested on two 
fundamental assumptions: one, that prehistoric commu­
nities of the Southwest were autonomous and self­
sufficient and that ceramic manufacture was a household 
activity practiced in all ceramic-using communities 
(Braun and S. Plog 1982; Cordell 1991; Gladwin 1943; 
Judd 1954; Kidder 1936; Lindsay 1969). "It has always 
been assumed that potting was one of the regular house­
hold tasks of every Pueblo woman, that each town was 
in this regard self-sufficient," wrote Kidder in 1936 
(xxiii). Ethnographic accounts of Southwestern Pueblos 
had a major bearing on the widespread acceptance of 
such assumptions by archaeologists reconstructing cul­
ture history (Braun and S. Plog 1982; Cordell 1991; De 
Atley 1991). Among modern Pueblo Indians, pottery 
manufacture is a household craft, and pots are seldom 
exchanged outside the village (Beaglehole 1937; Bunzel 
1929; Dozier 1970). It was thus assumed that this 
condition also existed among prehistoric Southwestern 
communities. 

Ceramic traits were frequently used for assigning 
cultural affiliation to a site, although architecture and 
burial practices were also taken into consideration. 
Stylistic traits of ceramic assemblages were thought 
useful for temporal placement, whereas technological 
aspects of those assemblages were assumed to charac­
terize cultural differences over broad regions; it was 
thought that each group practiced consistent techniques 
in manufacturing pottery that differed from adjacent 
groups (Crown 1981a). Undecorated or culinary wares 
were used as "index wares" by Colton (1953: 67), who 
maintained that "in many cases it [index ware] gives a 
clue to the branch or prehistoric tribe of Indians to 
which the makers belonged." 

Thus, for example, ceramics from sites in east­
central Arizona were assigned to Mogollon or Anasazi 
traditions on the basis of paste color and firing atmo­
sphere of culinary wares (Colton 1939; Colton and Har­
grave 1937; Danson and Wallace 1956; Haury 1936, 
1940; Reed 1942; Wheat 1955). Hohokam plain wares 
were identified by evidence that the paddle-and-anvil 
technique was used for vessel-wall thinning, as opposed 
to the coil-scrape technique commonly seen in other ce­
ramic traditions (Haury 1945; Roberts 1937). Relative 
abundance of ceramics displaying technological charac­
teristics of a formally defined ceramic tradition was 
thought, therefore, to be a reliable indicator of the cul­
tural affiliation of a settlement with heterogeneous 
ceramic assemblages (Cordell 1991; Crown 1981a; 
Whittlesey 1982a). 
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EARLY PROVENIENCE STUDIES 

Colton (1941a, 1953; Colton and Hargrave 1937) 
was one of the few Southwestern archaeologists of his 
time who expressed concern with prehistoric ceramic 
exchange. He estimated that the volume of pottery trade 
must have been enormous considering the abundance of 
pottery remains in the area (Colton 1941a: 316). Col­
ton's scientific training led him to undertake systematic 
research aimed at the identification of ceramic prove­
nience. Sponsored by the Museum of Northern Arizona 
at Flagstaff, he collected clay, temper, and pigment 
samples, identified paste constituents of large quantities 
of sherds under the microscope, and performed numer­
ous and valuable experiments to reconstruct pottery 
firing techniques and to compare fired clays and sherds 
by their paste color (Colton 1939, 1953). 

Colton cautioned archaeologists against the uncritical 
use of the criterion of relative abundance ( that ceramic 
types represented by abundant vessels at a site were 
locally made, whereas few vessels representing rare 
types were nonlocal) as the most generalized way of 
assigning locus of manufacture to the ceramic assem­
blage. He suggested that culinary pottery, usually the 
heaviest and most difficult to transport over long dis­
tances, was locally produced in most settlements, and 
that painted ceramics, especially bowls, were probably 
traded over long distances (Colton 1941a: 317; Colton 
and Hargrave 1937). Colton strongly emphasized the 
need to introduce accurate methods for identifying 
ceramic provenience; in fact, he urged the development 
of simple methods of temper identification that could be 
used in the field. Although his cautionary advice was 
often ignored (for example, Gladwin 1943: 53), a small 
number of archaeologists attempted to identify the pro­
venience of ceramics by petrographic analysis (Danson 
and Wallace 1956; N. Gladwin in Gladwin and others 
1937; Martin and others 1961; Shepard 1936, 1942, 
1965; Shepard in Judd 1954; Shepard in Smith 1971; 
Shepard in Wendorf 1953). Other methods of analyzing 
raw materials, such as glaze and pigment chemistry 
(Haury 1932; Hawley 1929, 1938), were thought useful 
for tracing spatial distribution of decorated wares. 

Pioneer research in the identification of local and 
nonlocal ceramics by petrographic analysis can be dated 
back to 1936, when Shepard analyzed samples of Rio 
Grande Glaze Paint Ware from Pecos Pueblo (Shepard 
1936) and other sites in the Rio Grande area (Shepard 
1942). Shepard's studies not only indicated that pottery 
types thought to be temporally sequential (for example, 
Glaze IV and Glaze V) had been produced at the same 
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time in different geographic areas, but that quantities of 
pottery found at Pecos had not been made there. Ac­
cording to Shepard, the technique used for producing 
Glaze Paint Ware was first introduced from the west, 
presumably from the Zuni area, and adopted by a few 
production centers, such as the Galisteo Basin, from 
where this ware was exchanged. In time, Rio Grande 
Glaze Paint Ware was manufactured in several indepen­
dent centers of production and distribution, including 
Pecos (Shepard 1965). Shepard's general conclusions 
regarding exchange as one activity commonly practiced 
by prehistoric Pueblo communities were supported later 
by Warren's (1969: 36) petrographic, stylistic, and 
distributional analysis of Rio Grande Glaze Paint Ware, 
which indicated that Glazes III and IV were manufac­
tured in Tongue Pueblo and extensively traded through­
out the Rio Grande Valley and into the Zuni area and 
the Plains. Shepard's hypothesis of specialized produc­
tion of this ware, however, was not corroborated by 
later research (Cordell 1991 reviews this study). 

Petrographic analysis of pottery from stratigraphic 
tests II and IV at Pueblo Bonito in Chaco Canyon (Fig. 
1.1) revealed that large quantities of corrugated pottery 
at the site were manufactured elsewhere (Shepard 1954). 
In her petrographic analysis, Shepard identified two kinds 
of temper: sanidine basalt, for which the nearest known 
source is 80 km (50 miles) west of Chaco Canyon in the 
Chuska Mountains, and andesite, for which the nearest 
source is 24 km (15 miles) from Pueblo Bonito. Shep­
ard (1954: 237) felt that the andesite-tempered pottery 
may have been imported from the La Plata District, 
which was likely, because the other occurrence of ande­
site in pottery was found in Mesa Verde Black-on­
white, considered intrusive to Chaco Canyon on the 
grounds of lack of abundance and design style (S. Plog 
1980: 59). In contrast, sanidine basalt-tempered pottery 
occurred in large quantities that continued to increase 
through time (Judd 1954: 182). Subsequent research in 
Chaco Canyon and surrounding areas reinforced Shep­
ard's discovery. Toll (1985; Toll and others 1980), 
Warren (1967), and Windes (1977, 1984) estimated that 
thousands of these ceramic vessels had been brought 
into the canyon, probably from the Chuska Valley. 

In spite of these outstanding but isolated discoveries 
concerning the provenience of ceramics in a site or 
region, archaeologists largely disregarded the possibility 
that circulation of ceramics was indeed a quite regular 
activity among prehistoric Southwestern communities. 
Perhaps the most illustrative example of how wide­
spread this conception was in the practice of archae­
ology is the skepticism of Judd (1954: 235), who 

thought of Shepard's findings of imported culinary 
pottery in Pueblo Bonito as being "something of 
archaeological heresy." 

The introduction of analytical methods in ceramic 
analysis seriously questioned the most cherished criteria 
and assumptions used by Southwestern archaeologists to 
distinguish between local and nonlocal ceramics (Cor­
dell 1991; S. Plog 1980). First, decoration is not an 
unambiguous indicator of spatial and temporal place­
ment of pottery types, because vessels that are stylis­
tically identical might be technologically different. 
Second, relative abundance of undecorated or culinary 
wares does not warrant the identification of local pot­
tery manufacture. Third, vessel shape, size, and pres­
ence of decoration are not clear-cut indicators of what 
kind of ceramics were most likely to have been traded; 
not only decorated bowls but large ollas and heavy cor­
rugated jars were transported over long distances and 
through rugged terrain. Fourth, and especially impor­
tant, traditional ethnographic models of ceramic manu­
facture and exchange among modern Pueblo Indians do 
not provide a direct analogue to prehistoric South­
western communities. 

Nevertheless, provenience studies were not popular 
among culture historians (Thompson 1991), mainly be­
cause they were not crucial for the reconstruction of 
regional chronologies. The Southwestern system of ce­
ramic classification, best exemplified by the work of 
Colton and Hargrave (1937), was given temporal depth 
by cross-dating styles of decoration and tree-ring dates 
wherever available. Information on variability relative 
to manufacturing loci did not affect in any significant 
way the major goal of culture history, and few archae­
ologists addressed issues that involved the investigation 
of ceramic manufacturing loci. Furthermore, petro­
graphic analysis such as the one carried out by Shepard 
required the aid of a specialist, and in many instances 
successful identifications were not possible (Shepard in 
Wendorf 1953). Thus, traditional assumptions and crite­
ria for identifying local and nonlocal ceramics continued 
in use until relatively recently. 

CERAMICS AND PROCESSUAL 
ARCHAEOLOGY 

Perhaps the most controversial ceramic studies in the 
American Southwest were produced by some processual 
archaeologists during the 1960s and 1970s. Many 
archaeologists conducted intrasettlement and inter­
settlement studies of stylistic variation in ceramics, 
following the premise that aspects of prehistoric socie­
ties such as social demography, social organization, and 



community interaction are reflected in the material 
system (Binford 1962, 1963, 1965). They thought sty­
listic variation in prehistoric ceramics could be useful 
for making inferences about prehistoric Southwestern 
communities. 

Intrasettlement analyses of design variation conducted 
at Broken K Pueblo (Hill 1965, 1970) and Carter Ranch 
(Longacre 1964, 1970) in east-central Arizona and at 
sites in the Cibola area (Kintigh 1979, 1985) and in the 
Upper Gila area of New Mexico (Washburn 1977, 
1978) sought to determine whether nonrandom spatial 
clusters of ceramic designs were present within contem­
poraneous areas of a given site. All but Washburn 
claimed to have demonstrated the existence of such 
patterning in the archaeological record and, in turn, 
interpreted it as reflecting residential units, households, 
or other social groupings. 

Because inferences about the significance of stylistic 
variation were based on the assumption of direct, inter­
generational transmission of stylistic information (Bin­
ford 1963; Deetz 1965; Hill 1970; Longacre 1970), it 
was critical that local manufacture of ceramics should 
be adequately demonstrated. However, as Stephen Plog 
(1980: 55-62) pointed out, in all but a few of these 
studies the possibility that the ceramics under analysis 
were not made locally is not even mentioned; archae­
ologists did not investigate whether arguments about 
types of residence units or other social groups were 
based on pottery not even made in the community in 
question. 

Intrasite studies on stylistic variation assumed that 
ceramics were made and used by women inhabiting the 
residential units where the sherds were recovered 
archaeologically. This assumption is also questionable. 
For example, refitting experiments on ceramic materials 
from Broken K Pueblo indicated that contexts of use 
and discard of ceramics were not adequately isolated 
(Skibo, Schiffer, and Kowalski 1989). Because of these 
and other methodological problems (Allen and Richard­
son 1971; S. Plog 1978, 1980; Redman 1978), it was 
never effectually demonstrated that nonrandom variation 
due to social organization occurred within a settlement. 

Intersettlement studies of stylistic variation, on the 
other hand, were based on the assumption that the 
degree of similarity in ceramic designs over a given 
region is a direct measure of the intensity of interaction 
among prehistoric communities and an inverse measure 
of distance between those communities (Cronin 1962; 
Leone 1968; Longacre 1964; Tuggle 1970; Washburn 
1978). Except for Tuggle's (1970) work, none of these 
studies discussed the possibility that spatial patterning of 
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ceramic designs could have been a product of ceramic 
exchange. Later, Tuggle (in Tuggle and others 1982) 
conducted one of the first chemical analyses of pottery 
from the Grasshopper and Q Ranch regions of east­
central Arizona (Fig. 1.1). 

Stephen Plog's (1977, 1980) stylistic analysis of 
black-on-white ceramics from the Chevelon drainage is 
one of the few during this period that included a 
systematic reevaluation of untested and often incorrect 
assumptions about manufacture and circulation of ce­
ramics, and he used extensive ceramic sourcing to test 
whether spatial distributions of design styles were a 
consequence of exchange, patterns of social interaction, 
or other processes. Plog argued that ceramics circulated 
between households and villages primarily through re­
ciprocal exchange ties. This type of exchange, in turn, 
produced closely integrated social networks through 
which information and goods flowed freely (Braun and 
S. Plog 1982; Hantman and S. Plog 1982). The results 
of his analysis challenged the implicit assumption 
underlying most of the earlier stylistic studies that the 
context of manufacture, use, and discard of ceramics 
was one and the same and that, therefore, patterned 
stylistic variation observed in the archaeological record 
directly reflected social interaction of prehistoric 
communities. 

CONTEMPORARY VIEWS 

Reconsideration of the dynamics of ceramic produc­
tion and exchange has become one of the major con­
cerns in contemporary Southwestern archaeology. It has 
been hypothesized that prehistoric Pueblo communities 
developed complex sociopolitical organization as a 
"buffering" response of growing populations to unpre­
dictable environments and unequal spatial distribution of 
foodstuffs and raw materials. Integrative strategies were 
incorporated into Pueblo societies as part of a concern 
with strengthening and maintaining social connections 
with distant communities (Cordell and F. Plog 1979; 
Judge 1979; F. Plog 1983; Upham 1982). 

Ceramics and Sociopolitical 
Complexity 

The spatial distribution of certain decorated wares 
has been interpreted as indicating the existence of socio­
political alliances in the Colorado Plateau, which began 
to develop around the eleventh century and bloomed 
during the fourteenth century (Upham 1982). Ceramic 
production, according to this hypothesis, was hierarchi­
cally controlled by an overarching political and religious 
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structure, as suggested by the observed concentration of 
such ceramics in major political and religious centers 
and in "high status" burials (Upham and F. Plog 1986). 
Access to ceramics of high production costs (Feinman 
and others 1981) was thus probably restricted to influ­
ential leaders and their families (Cordell and F. Plog 
1979; Hantman and others 1984; Lightfoot and Jewett 
1984). 

Upham (1982) postulated the existence of two oppo­
site polities north and south of the Mogollon Rim, 
whose managerial elites were involved in the exchange 
of Jeddito Yellow Ware and Roosevelt ("Salado") Red 
Ware, respectively. An intermediate or "buffering" 
polity located around Silver Creek in east-central 
Arizona interacted with both north and south, producing 
and exchanging White Mountain Red Ware. This hy­
pothesis is based on the assumption that decorated 
vessels are "high production cost" items, produced in 
specialized loci in restricted areas of the Southwest. 
"High production cost" is estimated on the basis of the 
production step measure devised by Feinman and others 
(1981), which counts the number of manufacturing steps 
necessary to produce each decorated ware. Because the 
ceramic data used to support differential production and 
distribution come mainly from surface collections 
(Upham and others 1981: 826), the production step 
measure constitutes a handy method to generate quanti­
fiable differences between wares when contextual and 
analytical evidence for ceramic manufacture is not 
available. Upham (1982: 128-132) used petrographic 
data from 45 polychrome sherds to build his hypothesis 
of a politically oriented exchange of 4 polychrome 
wares from 67 sites distributed across the Colorado 
Plateau. Neutron activation analyses of Hopi yellow­
firing ware (Bishop and others 1988) and Gila Poly­
chrome (Crown and Bishop 1987) do not support 
Upham's hypothesis. 

ALTERNATIVE VIEWS OF 
CERAMIC DISTRIBUTION 

In 1988 Bishop and his colleagues published the 
preliminary results of neutron activation and stylistic 
analyses of Jeddito Yellow Ware and other yellow-firing 
pottery from the Hopi Mesas. Since Upham's model of 
the Jeddito Alliance rested mainly on data from outside 
the Hopi country, Bishop and his colleagues (1988: 317) 
considered it important to evaluate the Hopi participa­
tion in the proposed alliance and its structure and opera­
tion both on and off the Hopi Mesas. To monitor the 

development of production and exchange of Hopi 
yellow-firing pottery through time, 650 sherd samples 
representing a time span from about A.D. 1300 to 1600 
were submitted to instrumental neutron activation anal­
ysis (INAA). In addition, 130 clay samples from the 
Hopi mesas were analyzed by the same method. 

The combined results of stylistic and compositional 
analyses revealed source and design size differences 
between villages, suggesting that potters worked closely 
together within a village without sharing knowledge of 
resources or techniques with nonresidential groups 
(Bishop and others 1988: 332). No evidence of centrally 
controlled resources within major Hopi villages was 
found; each village apparently exploited several clay 
sources simultaneously, and the decorative evidence 
suggested preferential but not exclusive use of these 
clay sources (Bishop and others 1988: 332). Spatial 
distribution of production loci on Antelope Mesa, for 
example, indicated that between A.D. 1300 and 1600 
Hopi villagers at each community had equal access to 
resources and manufactured ceramics that were used in 
that community. The authors concluded that there was 
little direct evidence to support intervillage alliances of 
potter groups, kin groups, or elites. 

Regarding exchange outside the Hopi country, 
several vessels apparently produced on Antelope Mesa 
were recovered at Homolovi II near the Middle Little 
Colorado River and at Pottery Mound on the Puerco 
River (Fig. 1. 1). Bishop and his colleagues (1988: 334) 
observed that Homolovi sites have strong ancestral 
connotations in the oral traditions of the Hopi, whereas 
Pottery Mound is located east of an area with strong 
historic Hopi-Zuni interaction identifiable from the 
fifteenth century. Adams, Dosh, and Stark (1987) com­
ment that, if one were to believe in the veracity of the 
elite alliance model, the high frequency of imported 
Jeddito Yellow Ware at Homolovi II could be inter­
preted as indicating that the majority of its inhabitants 
were indeed elite. 

Neutron activation analysis applied to 187 samples of 
Gila Polychrome ceramics from 21 sites supports local 
manufacture of this type at least at the regional level 
during the fourteenth century (Crown and Bishop 1987; 
Crown 1994). Although previous petrographic analysis 
of Gila Polychrome suggested local manufacture in dif­
ferent settlements (Danson and Wallace 1956), alterna­
tive explanations for its widespread distribution in the 
Southwest, such as migration (Franklin and Masse 
1976; LeBlanc and Nelson 1976) and exchange (Doyel 
1976; Grebinger 1976; Haury 1945, 1976; Lindsay and 
Jennings 1968, among others) were advanced. 



Current research conducted by the Roosevelt Plat­
form Mound Study (Redman 1992) aims at defining the 
nature of sociopolitical complexity of prehistoric 
"Salado" communities that inhabited the Roosevelt Lake 
area in east-central Arizona. The analysis of ceramic 
materials from Roosevelt sites attempts to measure com­
plexity from the patterns of production and distribution 
of "Salado" wares, including Roosevelt Red Ware, 
Salado Red Obliterated Corrugated, and plain and red 
utility wares (Simon and others 1992). Variation in 
vessel morphology, manufacturing technology and per­
formance, and provenience of these wares across sev­
eral large and small sites has been initially interpreted 
by Simon and her colleagues (1992: 74) as indicating 
specialization in ceramic production at certain com­
pound villages during the Roosevelt phase (mid to late 
1200s). They observe that a production shift to the plat­
form mound communities occurred during the Gila 
phase (the 1300s). 

Although their study may eventually confirm that 
craft specialization developed during that time, it has 
yet to reveal evidence in support of sociopolitical 
complexity of the "Salado" groups. Rather, the manu­
facture of Gila Polychrome in several regions appears 
to indicate that a number of processes (local manufac­
ture, exchange, spread of technological knowledge and 
stylistic information through migration) were involved, 
perhaps simultaneously, in the development and wide­
spread adoption of this and probably other ceramic 
traditions (Carlson 1982; Crown 1990, 1994; Doyel and 
Haury 1976; Montgomery and Reid 1990; Reid and 
others 1992). It is likely that population movement at 
the end of the thirteenth century stimulated the spread 
of ceramic traditions and, at the same time, formalized 
long distance relationships among formerly mobile 
groups who shared a common, even if fictive, ancestry 
(Johnson 1989). 

The widespread distribution of decorated ceramics 
does not seem to be the result of exchange networks 
exclusively, as Upham's hypothesis implies. Neverthe­
less, Douglass' (1987) study of the system of production 
and distribution of Little Colorado White Ware revealed 
that exchange networks that developed during the late 
twelfth and early thirteenth centuries produced patterns 
of ceramic distribution similar to those plotted by 
Upham (1982) for the later decorated wares. Douglass 
( 1987) conducted an extensive petrographic and heavy 
mineral analysis of Little Colorado White Ware sherds 
and clays from sites located around the Hopi Buttes, 
San Francisco Mountains, and Lower Little Colorado 
River Valley in northern Arizona. Her study focused on 
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documenting whether this ware was produced in one or 
several centers of manufacture and if there was any 
degree of centralization in its distribution. 

Compositional, distributional, and stylistic evidence 
led Douglass (1987: 295-298) to the conclusion that 
Little Colorado White Ware was produced in a geo­
graphically restricted area and that there was direction­
ality in the exchange of this ware, but that no evidence 
existed for centralized control and specialized produc­
tion. Although the distribution of Little Colorado White 
Ware closely matched the distribution patterns or later 
decorated wares, there was no evidence to suggest that 
it functioned as a prestige item. Additionally, Douglass 
(1987: 351-353) demonstrated that although style is a 
valid temporal and perhaps functional tool, spatial 
distributions of individual styles do not demarcate 
separate interaction networks. 

Contemporary research on Southwestern ceramics is 
now widening our perspectives on the mechanisms of 
ceramic circulation. Some archaeologists are moving 
away from exchange networks as the only explanation 
for nonlocal ceramic distributions in the archaeological 
record and are considering population movement 
(Crown 1990, 1994; Lindsay 1987; Reid 1984; Reid 
and others 1992) or seasonality (Lekson 1988) as impor­
tant alternative mechanisms for the movement of pottery 
and the movement of information on pottery manufac­
ture. There is a strong emphasis on ceramic prove­
nience and on reevaluating long-established regional 
typologies as well as traditional analytical units. 

RETROSPECTION 

Current reconstructions of Southwestern prehistory 
that are mainly based on ceramic attributes are increas­
ingly dependent on accurate methods of compositional 
analysis for identifying local and nonlocal ceramics. 
These methods alone are insufficient for interpreting 
behavior from the ceramic record, for they address but 
one aspect of ceramic variation. The sources of var­
iation of design style and technology, as well as the 
mechanisms of stylistic and technological transfer must 
first be understood in conjunction with compositional 
data. The legacy of Southwestern culture history for 
contemporary ceramic studies is precisely a clear under­
standing of the nature of stylistic and technological 
variability observed in prehistoric ceramics. Early pro­
cessual archaeologists, for example, were unsuccessful 
in their attempts to interpret stylistic variation, partly 
because their assumptions about design style were bor-
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rowed uncritically from ethnographic situations. Their 
models and hypotheses ignored accurate observations 
made by culture historians on how design style was 
transferred in prehistoric Southwestern ceramic 
manufacture. 

Uncritical borrowing of models and assumptions is 
also exemplified in contemporary attempts to demon­
strate the existence of restricted, specialized ceramic 
production and complex exchange networks. These 
attempts have only replaced previous untested assump­
tions of self-sufficiency and autonomy, without an 
adequate understanding of the structure and organization 
of prehistoric Southwestern populations (Johnson 1989) 
and, more specifically, without adequate ceramic data. 
It is only through recent research on ceramic prove­
nience and the context of circulation that Southwestern 
archaeologists are beginning to expand their knowledge 
about how population movement, increase in sedentism, 
agricultural intensification with concomitant demand for 
storage facilities, and population aggregation affected 
ceramic manufacture and circulation (Crown 1994; Reid 
and others 1992; Toll 1985). 

Technology and the mechanisms of technological 
transfer are aspects that have been neglected in ceramic 
studies during the last three decades, except for research 
on vessel function. The potential and limitations of tech­
nological variation as a reliable indicator of the cultural­
ethnic identity of ceramic-producing groups has not 
been consistently reevaluated since early observations 
about group differences in pottery technology were 
made (Whittlesey 1982a). Compositional analysis alone 
is often insufficient to identify loci of ceramic manu­
facture; therefore, proper interpretation of data on 
ceramic composition must include a detailed analysis of 
manufacturing technology. It is only by observing 
ceramic variation as a whole (style, technology, and 
provenience) that aspects of such variation relevant for 

inferring where pottery was made and how it was 
circulated may be isolated. 

Ceramic variation, however, cannot be interpreted 
without a consideration of the formation of the ceramic 
record and the distortions introduced by behavioral and 
natural processes (Schiffer 1987). It is unfortunate that 
a large number of studies of ceramic production and 
distribution have been based on assemblages from large 
pueblos with complex and often uncontrolled formation 
processes, from surface collections from undated sites, 
and from museum collections that in many cases lack 
adequate information on provenience. Although regional 
studies provide a broad frame of reference for ceramic 
production and distribution, the kind of archaeological 
contexts they often include make it difficult to monitor 
how well the sample under study represents variation in 
time, manufacture, use, or discard of ceramics. In other 
words, the behaviors involved in ceramic manufacture 
and circulation will not be accessible to our understand­
ing unless the sources of ceramic variation in archaeo­
logical contexts are properly identified (Montgomery 
and Reid 1990; Reid 1985; Reid and others 1992). 

In summary, contemporary research on prehistoric 
Southwestern ceramics would benefit from a construc­
tive reevaluation of both traditional and processual 
archaeological studies and their assumptions, methods, 
and interpretations, extracting valuable observations and 
information provided by earlier archaeologists and 
overcoming past limitations. We must build our knowl­
edge on previous contributions that have stood the test 
of time, for the mere replacement of one model by 
another, or of one set of assumptions by another, will 
not increase our understanding of prehistoric behavior. 
This is the convergence I seek in this study, and the 
following brief chapter outlines a tridimensional 
approach to ceramic analysis that I believe will clarify 
our perception of that prehistoric behavior. 



CHAPTER TWO 

A Tridimensional Approach to Identifying 
Ceramic Variation and Manufacturing Loci 

P ottery is one of the most complex materials of the 
archaeological record, both compositionally and 

culturally. Many different behaviors, traditions, and 
choices are responsible for selecting raw materials, 
combining them to obtain a paste, and forming and 
decorating vessels. Ecological, technological, and 
cultural variables such as climate, degree of sedentism, 
agricultural activities, demographic growth, and techno­
logical innovations all interact in the production of 
ceramics (Arnold 1975, 1985). 

Archaeologists perceive ceramic expression as one of 
almost limitless malleability and behavioral sensitivity. 
Pottery produced in emergent village farming commu­
nities such as pueblos of the American Southwest is 
loaded with cultural and behavioral information (Reid 
and others 1989). The complexity of ceramic-producing 
behavior found in neolithic-level communities provides 
the archaeologist with an enormous number of attributes 
from which to select those most likely to encode the 
behavioral signals of interest. Not all attributes, how­
ever, are equally useful for identifying local and non­
local ceramics. 

Archaeologists generally divide ceramic variation 
into two independent but complementary categories: 
design style and technology. A common view is that 
style is more susceptible to temporal change than 
technology, because technology is directly affected by 
adaptive constraints (Dunnell 1978; Rice 1984); in fact, 
most chronologically oriented ceramic taxonomies, such 
as the Southwestern typological system, are constructed 
largely on the basis of stylistic variation. When viewed 
within a particular time period, design style is often 
thought to be a culturally bounded manifestation that 
signals geographic, cultural, ethnic, and social dis­
tinctions between social units, communities, or even 
regions, whereas technology may crosscut such bound­
aries (Wright 1984). 

For decades, spatial stylistic similarities and dif­
ferences have been equated with group membership; 
traditionally, this equation was widely used in defining 
culture areas. More recent approaches have interpreted 
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stylistic vanat1on as signaling aspects of: (1) social 
organization (Hill 1965, 1970; Longacre 1964, 1970), 
(2) village autonomy (Leone 1968), (3) degree of inter­
action (Tuggle 1970; Washburn 1978; Whallon 1968), 
(4) information exchange and social distance (Braun and 
S. Plog 1982; Hantman and S. Plog 1982; S. Plog 
1980; Wobst 1977), and (5) symbolization of relation­
ships of power among interest groups (Hodder 1982a, 
1982b, 1985, 1986; Shanks and Tilley 1987a, 1987b). 

Several assumptions underlie these interpretations. 
First, people consciously or unconsciously generated 
and used design styles on pottery for signaling identity, 
social distance, communication, interaction, and power 
negotiation. Second, style was transmitted through 
direct learning channels such as mother-to-daughter. 
Third, the stylistic patterning observed in prehistoric 
pottery directly corresponds to the social units who. 
made and used the pottery (S. Plog 1980). 

Defining the relationships between stylistic variation 
of prehistoric pottery and past behavior requires that the 
archaeologist investigate the social contexts of the 
manufacture and use of ceramics (Binford 1965). A 
number of archaeological studies have repeatedly dem­
onstrated that there exists a complex relationship among 
stylistic patterns, the nature of craft production, and the 
degree of exchange (S. Plog 1983). In this regard, eth­
nographic evidence suggests that, even if stylistic varia­
tion generated by potters who interact face-to-face 
could, in principle, signal identity, boundaries, or social 
roles, our lack of understanding of the mechanisms of 
transfer of stylistic information and of ceramic circula­
tion precludes any direct interpretation of design styles 
and their distributions as we may observe them in 
archaeological situations ( Graves 1981; Lathrap 1983; 
Herbich 1987; Stanislawski 1973). Therefore, style 
alone may not be a useful indicator of the loci of ce­
ramic manufacture. In the American Southwest, where 
decorated perishable items such as baskets and textiles 
are occasionally preserved in the archaeological record 
(Hays 1990), it is readily apparent that design informa­
tion can be carried on any medium suited to decora-
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tion and that design may be transferred to another potter 
by observation. Decorated items, including pots, may 
have been obtained through a number of processes, 
most commonly exchange (Reid 1984: 145). 

In contrast to design, the transmission of information 
on ceramic technology involves a "teaching framework" 
(Schiffer and Skibo 1987: 597). Technological knowl­
edge may be conceived as an information system, which 
contains the rules that underlie the processing of raw 
materials into finished products. Although the basic 
physical and chemical principles for the transformation 
of clay into pottery are universal, every technological 
process involves a sequence of behaviors that results 
from specific technical and cultural choices (Schiffer 
and Skibo 1987) or technological "styles" (Lechtman 
1977). The intergenerational transmission of specific 
technological knowledge leads to the development of a 
tradition (Shepard 1985). 

The adoption of a ceramic technology requires not 
only the acquisition of an innovative idea but also the 
development of manipulative practice, the formation of 
motor habits, and most important, the existence of a 
receptive social and cultural setting for the innovation 
to be accepted (Arnold 1981; Kroeber 1963; Schiffer 
and Skibo 1987; Wright 1984). Hence, archaeological 
recovery of evidence for the transfer of technological 
knowledge often implies direct contact with the product 
and its producer, regardless of whether such contact 
crosscuts stylistic boundaries. The patterning of tech­
nological variation in prehistoric pottery has more 
potential than style for identifying local and nonlocal 
ceramics, because it signals more precisely face-to-face 
interaction among potters who produced ceramic vessels 
under a common "mental template" or shared techno­
logical knowledge (Rice 1980). Furthermore, the trans­
mission of this critical knowledge is more restricted by 
adaptive constraints and cultural factors than the trans­
mission of stylistic information. 

The mechanisms of transfer of stylistic and techno­
logical information must not be assumed uncritically, 
but inferred from the broad patterns of archaeological 
ceramic variation. For example, in the American South­
west, archaeologists traditionally recognized ceramic 
technology rather than style as a diagnostic aspect of 
archaeological cultures (Colton 1941a, 1953; Colton and 
Hargrave 1937; Gladwin and Gladwin 1934, 1935; 
Haury 1945; Hawley 1929; Reed 1942). Even though 
the parameters with which archaeological cultures were 
defined have undergone significant changes in the last 
thirty years, the basic observations of the usefulness of 
style as a temporal rather than "cultural" marker and of 

technology as a "manufacturing loci" marker are 
reasonable and demonstrable (Crown 1981b; Douglass 
1987; Downum and Sullivan 1990; Doyel 1984; Reid 
1984; Rugge and Doyel 1980). 

It is possible, in principle, to distinguish between the 
locality in which a pot is recovered and the place of its 
manufacture by taking into account the interplay of 
availability and exploitation of resources on the one 
hand and the technology used· to manufacture ceramics 
on the other (Arnold 1981, 1985; Bishop 1980; Bishop, 
Rands, and Holley 1982; Rice 1982, 1987; Shepard 
1985). Compositional or provenience studies, which 
constitute the third analytical approach, address two 
inseparable aspects in the identification of resources for 
ceramic manufacture. These are: (1) physical and chem­
ical analyses of the ceramic fabric, for which many 
techniques of varying degrees of precision and accuracy 
are available (Bishop, Rands, and Holley 1982; Neff 
1992; Rice 1987), and (2) evaluation of resource poten­
tial (clay, temper, pigments, and fuel) in the study area 
(Arnold 1985; Howard 1982; Nicklin 1979). 

Correlating archaeological materials with resources 
is a complex process that requires not only knowledge 
of the specific geological environment surrounding the 
area in question, but also the extent to which distinct 
raw materials used in the manufacture of a given assem­
blage represent more than one locus of manufacture. An 
extensive review of ethnographic and archaeological 
cases for which the distance from the manufacturing 
locus to the resources was known (Arnold 1985) indi­
cates that "catchment areas" for clays do not extend 
beyond 7 km (about 4.4 miles) from the manufacturing 
loci in 82 percent of the cases analyzed. Temper and 
pigments, on the other hand, may be obtained from 
more distant sources (Arnold 1985: 36). In addition to 
immediate availability of raw materials, other factors 
must be considered, such as accessibility, presence or 
absence of other contemporaneous communities near 
potential sources, exhaustion of clay sources in the 
immediate vicinity of the settlement or region in ques­
tion, and adequacy of known clay sources for pottery 
manufacture. 

THE UNIT OF ANALYSIS 

Because manufacturing technology and composition 
may be more useful for determining the production loci 
of Southwestern ceramics than is design style, I use 
ware as the unit of observation and analysis for this 
research. Ware is perhaps the earliest defined unit of 
ceramic classification still in use in the American South-



west. As Colton and Hargrave (1937: 2) noted, ware 
was first used by Stevenson in 1883; Holmes (1886), 
and later Fewkes (1904), followed Stevenson and de­
fined wares on the basis of surface finish and paste 
color (see also Guthe 1934). It was Colton, however, 
who formalized the use of ware as the key unit in 
ceramic classification. Colton ( 1953: 51, 55) defined 
ware as a "group of pottery types which consistently 
show the same methods of manufacture .... which are 
passed on from mother to daughter." He identified five 
criteria to separate one ware from another: (1) selection 
of the clay, high or low in iron; (2) selection of temper; 
(3) method of thinning pottery by paddle and anvil or 
by scraping; (4) consistent use of certain kinds of slips, 
paint, and forms; and (5) final firing atmosphere, 
oxidizing or reducing (Colton 1953: 55). 

A brief statement about Colton's definition of ware 
by Wheat, Gifford, and Wasley (1958: 34-35) noted 
that it "has little temporal or spatial implications." 
When discussing the use of ware in Maya ceramic clas­
sification, Rice (1976: 541) proposed a redefinition of 
ware restricted to attributes of surface treatment. Rice 
argued that paste composition and surface treatment 
were two independent attributes, the former being 
influenced by resource availability; therefore, paste 
composition should be considered a single modal or 
analytic unit that crosscut types and wares (Rice 1976: 
541). In more recent statements (Rice 1982: 52), how­
ever, she advocated the use of attributes of paste com­
position in the definition of wares, because they related 
more closely to problems of pottery production and dis­
tribution addressed through physical and chemical anal­
yses. In my research I have followed closely Cotton's 
original definition of ware for several reasons. First, his 
all-inclusive ware is the only taxonomic unit that 
approximates the actual behaviors involved in ceramic 
manufacture. The five criteria he used to separate one 
ware from another correspond to the major stages of the 
manufacturing process (Rice 1987; Rye 1981; Shepard 
1985). Furthermore, Colton's definition includes the 
transfer of technological knowledge, which is not only 
a fundamental mechanism in the evolution of ceramic 
manufacturing traditions, but also a useful conceptual 
tool for identifying local and nonlocal ceramics. 

Second, the lack of temporal and spatial connotations 
in Colton's ware concept is irrelevant, because ware 
includes types and series of types that are chrono­
logically and geographically bounded, respectively. 
Types alone, on the other hand, are not nearly as useful 
for identifying manufacturing loci because they are 
defined mainly by attributes of surface treatment and 
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decoration, which are sensitive to temporal variation but 
do not necessarily indicate provenience. Moreover, the 
fact that wares as defined by Colton have almost no 
temporal restrictions facilitates, in principle, tracing 
technological transfer through time by identifying con­
tinuity in manufacturing technology. 

Third, although I basically agree with Rice's (1976) 
observation that attributes of paste composition depend 
on local resource availability, including these attributes 
in ware identifications together with all other techno­
logical characteristics permits the recognition of wzthin­
ware variations; these, for instance, may in turn indi­
cate manufacture of a given kind of pottery in different 
regions. Similarly, an all-inclusive ware concept allows 
the identification and comparison of aspects· of ceramic 
manufacture common to more than one ware as well as 
those restricted to a single ware. 

In sum, identification of technological relationships 
among wares permits the isolation of technological attri­
butes that may be useful for elucidating whether varia­
tions between or within wares indicate distinct loci of 
manufacture. Because not all attributes are equally sen­
sitive to variation due to specific processes of ceramic 
manufacture, it is only through a comparison of com­
plete sets of attributes observable in each ware that 
similarities and differences of significance can be 
elicited. Conversely, a priori selection of one or two 
attributes for defining wares decreases the probabilities 
of identifying the range of variation associated with a 
given ceramic tradition. 

ANALYTICAL PROCEDURES 

In this tridimensional approach, style, technology, 
and provenience of ceramics provide independent but 
complementary lines of evidence for distinguishing local 
from nonlocal ceramics in the archaeological record. 
The methodological value that each of these variables 
has for making this identification depends largely on the 
broad patterns of ceramic variability as well as on the 
variation encountered in the geological environment of 
the region under study. Summarized below are the gen­
eral procedures followed in this research to distinguish 
local from nonlocal wares at Chodistaas Pueblo (Fig. 
2.1), a well-dated and short-lived settlement (A.D. 1263 
to about 1290) in the Grasshopper region of east-central 
Arizona. 

Chemical and mineralogical analyses were conducted 
on a large sample of complete and partial vessels, rep­
resenting both decorated and undecorated wares, to 
identify distinct sources of the raw materials employed 
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Figure 2.1. Location of Chodistaas Pueblo and sites in the Grasshopper region, Arizona. 

in the manufacture of these vessels. Chemical analysis 
by instrumental neutron activation (INAA) and by 
inductively coupled plasma emission spectroscopy (ICP) 
provided fine-grained criteria for isolating different 
paste fabrics within each formally defined ware. Tem­
per observations complemented the identification of clay 
sources by providing information that could be com­
pared with the geology of the Grasshopper Plateau. A 
clay survey within a 7-km (about a 4-mile) radius from 
Chodistaas Pueblo yielded comparative data on the 
availability and potential of clay sources in the region. 

The technological analysis involved reconstructing 
step-by-step the manufacturing process of each of the 
wares present in the assemblage. Proceeding in this 

manner made it possible to record technological simi­
larities across formally defined wares as well as 
differences within a single ware. Correlation between 
technological attributes and vessel shape (jars, bowls, 
pitchers) was recorded to evaluate variation due to fac­
tors other than manufacturing loci, such as functional 
differences. 

The limitations of stylistic variability for tracing 
ceramic provenience would be greatly redlteed if at least 
a few patterns of covariation between specific techno­
logical or compositional characteristics and stylistic 
attributes could be determined. The stylistic classifi­
cation originally used by Crown (1981a) in her analysis 
of the Chodistaas pottery is specific to the design con-



figurations observable in whole vessels rather than in 
sherds, and includes Red Mesa, Puerco, Roosevelt, 
Snowflake, Tularosa, Kayenta-Tusayan, Pinedale, and 
Cibicue styles. Thus, in my research an additional 84 
decorated vessels were incorporated into Crown's 
(1981a) stylistic classification and contrasted with data 
on compositional and technological variability to exam­
ine the extent to which design styles present in the 
Chodistaas assemblage could be used as indicators of 
loci of ceramic manufacture. 

Data on pottery from excavated sites on the Grass­
hopper Plateau (Grasshopper Spring, Grasshopper Pueb­
lo, and AZ P:14:197 ASM; Fig. 2.1) were also incor­
porated in the analysis to expand spatial and temporal 
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perspectives on ceramic variability. The study of sur­
face ceramics from sites on the Grasshopper Plateau, in 
the Cibecue and Forestdale valleys, and from other 
mountain sites to the east and west was useful for under­
standing the distribution of decorated and undecorated 
wares beyond Chodistaas. Similarly, information once­
ramic provenience, technology, and style from several 
regions of the Arizona mountains as well as of the 
Colorado Plateau was valuable for constructing argu­
ments and making inferences about possible mechanisms 
of circulation of decorated and undecorated wares pres­
ent at Chodistaas Pueblo. The behaviors involved in ce­
ramic circulation and their role in the formation of non­
local ceramic assemblages are discussed in Chapter 3. 



Ceramic Circulation 
Behavioral Mechanisms and 
Archaeological Correlates 

The variability observed in archaeological ceramics 
is partially the result of mechanisms of circulation 

acting over restricted as well as extensive areas. Almost 
every assemblage includes pottery of obvious nonlocal 
origin, namely, "rare" decorated or plain vessels often 
manufactured in distant regions. Almost every assem­
blage also includes nonlocal pottery that may not be 
readily distinguishable from that locally made. A num­
ber of assemblages, particularly from sites located in 
boundary or transitional areas, contain equal amounts of 
local and nonlocal pottery. 

Increasingly, research aimed at the identification of 
locus of production of prehistoric Southwestern ceram­
ics has suggested that pottery vessels circulated regu­
larly among proximate as well as distant communities 
since at least A.D. 800 (Blinman and Wilson 1992; 
Hegmon and others 1992). In numerous cases, the fre­
quency of nonlocal pottery found in a given site may be 
almost as high as that of locally made pottery (Blinman 
and Wilson 1992; Franklin 1982; Toll 1985; Windes 
1984). These and other studies have demonstrated that 
a priori criteria for identifying nonlocal ceramics are 
inadequate for addressing issues of past behavior that 
require the establishment of connections between ceram­
ic artifacts and the people who manufactured them. 

The following paragraphs offer a working definition 
of local manufacture that takes into account the specific 
case of Chodistaas Pueblo and provides an introductory 
framework against which circulation of ceramics can be 
evaluated. The behavioral mechanisms of circulation 
(movement of pots, movement of people, and movement 
of raw materials) are examined, and the potential and 
limitations for differentiating them in the archaeological 
record are discussed. 

DEFINING LOCAL CERAMICS 

Local manufacture of ceramics can be conceptualized 
at two inclusive levels: settlement and region. In the 
most restricted sense, local manufacture refers to the 
production of pottery within a given settlement. On the 
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other hand, regional manufacture implies ceramic pro­
duction by a number of communities among which 
common resources were exploited, by-products were 
circulated, and technological knowledge was shared. In 
this sense, ceramics may be considered local if it can be 
reasonably demonstrated that they were manufactured 
within a specific region. In this study, I use regional 
manufacture as a concept equivalent to local manufac­
ture for a number of reasons. 

First, all the decorated and undecorated wares in the 
Chodistaas Pueblo assemblage are also represented in 
whole and partial vessels from rooms excavated at 
Grasshopper Spring, the second largest contemporane­
ous community (9 rooms) in the region, located 1.5 km 
(1 mile) south of Chodistaas (Fig. 2.1). The assemblage 
similarities between the two sites suggest that Chodis­
taas inhabitants shared raw material sources and techno­
logical and stylistic information with their neighbors, or 
that perhaps both pueblos obtained vessels from neigh­
boring as well as from distant communities. 

Second, the potential for distinguishing between the 
products of each community through analysis of paste 
composition would depend on whether each used com­
positionally distinct raw materials (Bishop 1980; Bish­
op, Rands, and Holley 1982). The sites in question are 
located in a relatively homogeneous geological setting 
(mainly formed of sandstone and limestone deposits), a 
situation that decreases the likelihood of successful 
discrimination between ceramics manufactured in each 
settlement. Furthermore, even if geologically or compo­
sitionally distinct sources in the region were exploited, 
it is likely that nearby communities shared procurement 
areas. 

Arnold (1980: 148-149) compares 61 ethnographic 
cases where distance to ceramic raw material sources is 
known. He observes that, although 91 percent of the 
communities obtain their clay and temper resources 
from a distance of 7 km (4.4 miles) or less, communi­
ties separated by less than 10 to 14 km (8. 7 miles) often 
have overlapping resource areas (Arnold 1985: 35-60). 
One of the most significant implications of Arnold's 



study for archaeological interpretation is that behav­
ioral as well as environmental variables may obscure 
the processes of intraregional exchange of ceramics. 

Third, Chodistaas and Grasshopper Spring pueblos 
lack direct evidence of on-site pottery manufacture, 
namely, artifacts associated with vessel formation 
clustered around pottery-making and pottery-firing 
facilities (Sullivan 1988: 24). The recovery of raw 
materials and tools provides especially good evidence 
for on-site manufacture when raw materials can be 
matched with the end product (Triadan 1989: 9). Unfor­
tunately, only a few tools of ambiguous function and 
small quantities of pigments and clays were preserved 
in the rooms at Chodistaas (Crown 1981a: 49). Never­
theless, it is entirely possible, if not demonstrable, that 
both Chodistaas and Grasshopper Spring inhabitants 
were manufacturing ceramics somewhere in the vicinity 
of the pueblos or even at the location of their preferred 
clay sources (Nicklin 1979; Reid 1989: 79). 

To summarize, ceramics that have the highest prob­
ability for manufacture by the settlers of Chodistaas 
Pueblo and contemporary communities of the Grass­
hopper Plateau are considered, for the purposes of this 
research, local ceramics. The uplands of the Grass­
hopper Plateau are roughly bounded by Chediski Peak 
on the north, the Salt River on the south, Spring 
Ridge-Spring Creek on the east, and the Canyon Creek 
escarpment on the west (Fig. 3 .1). 

NONLOCAL CERAMICS: BEHAVIORAL 
MECHANISMS 

Delineation of the probable behaviors involved in the 
circulation of ceramics into Chodistaas Pueblo requires, 
first of all, an appraisal of the pueblo's location in 
relation to its neighbors. As described in Chapter 4, the 
late Pueblo III period settlement pattern on the Grass­
hopper Plateau consisted of dispersed, small homesteads 
(2 to 5 rooms) loosely clustered around a focal commu­
nity of no more than 20 rooms. Chodistaas, the largest 
of these settlements and the only one with an enclosed 
plaza, was a focal community in the region (Montgom­
ery 1992; Reid 1989). Similar patterns were observed 
in contemporaneous settlement groups of adjacent re­
gions, Q Ranch to the west (Whittlesey 1982b) and 
Cibecue Valley to the east (Reid and others 1993). 

No contemporaneous settlements larger than 30 or 40 
rooms have been found within a 45-km (28-mile) radius 
from Chodistaas; late Pueblo III period mountain com­
munities in the Grasshopper Plateau were geograph­
ically isolated from major population centers, such as 
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Point of Pines or Pinedale. Where and how did these 
small communities, located in a backwoods area, ob­
tain their ceramics? Possibly they produced all their 
own pottery, or they obtained vessels from nearby com­
munities. However, the presence of Cibola White Ware 
and other decorated wares at Chodistaas, Grasshopper 
Spring, and site AZ P: 14: 197, the neighboring late 
Pueblo III period sites that have been excavated, leads 
to the hypothesis that a substantial quantity of pottery 
came from outside the Grasshopper Plateau. 
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By giving local manufacture a regional perspective, 
the archaeologist precludes the identification of 
community relationships within the Grasshopper Pla­
teau. Nonetheless, three alternatives through which 
nonlocal ceramics could have entered the systemic 
assemblages at Chodistaas Pueblo and other commu­
nities on the Grasshopper Plateau can be inspected: 
movement of pots, movement of people, and movement 
of nonlocal raw materials for local ceramic manufac­
ture. These alternatives are by no means exclusive and, 
in principle, could combine to generate any specific 
ceramic assemblage. 

Movement of Pots 

Vessels could have entered Chodistaas Pueblo 
through formal trade networks or through other, less 
complex, modes of material exchange, including eco­
nomic, social, and ceremonial reciprocity (Bennett 
1968; Cheal 1988; Earle and Ericson 1977; Ericson 
1977; Frisbie 1982; Neale 1977; Orlove 1977; Plog 
1977; Polanyi 1957; Renfrew 1975; Sahlins 1965). 
Trade and exchange are often used interchangeably 
(Renfrew 1975: 4), but here I refer to them as separate 
concepts to differentiate between trade, or organized, 
large-scale material transactions that took place regu­
larly over relatively long periods of time and involved 
the flow of significant volumes of goods (Plog 1977: 
129), and reciprocal exchange, or recurrent, indepen­
dent, symmetrical, and small-scale material transactions 
that did not have the organizational requirements nor 
the economic impact of trade networks, but that served 
to reinforce intercommunity relationships. Reciprocal 
exchange may have involved two or more mutually sup­
porting communities in a system that opened access to 
resources from different environments as well as to 
nonlocal goods, maintained social and political ties 
through marriage, and fostered community identity by 
transcending cultural and ethnolinguistic boundaries 
(Cheal 1988: 58, 86, 91; Ericson 1977: 118; Frisbie 
1982: 21). 

In modern Pueblo societies, reciprocal exchange far 
more commonly circulates pottery than does trade 
(Frisbie 1982: 21). For example, Hopi who live on 
First Mesa, a ceramic-manufacturing community, circu­
late ceramic bowls during Katsina ceremonies, when 
children receive bowls containing small presents. The 
family of a First Mesa groom often includes ceramic 
bowls in. the wedding gifts given to the bride and her 
family, particularly if the bride lives outside of First 
Mesa. As Emory Sekaquaptewa told me in 1990, ack-

nowledgment of clan affiliation among the mesas stim­
ulates material transactions embedded in ceremonial and 
social relationships. 

Trade networks seem to have developed early in the 
San Juan Basin and the Colorado Plateau (Douglass 
1987; Toll 1981; Toll and others 1980; Warren 1967; 
Windes 1977, 1984). Apparently, however, this was not 
the case in the Arizona mountains, where extensive 
ceramic trade developed only after A.D. 1300. Chodis­
taas Pueblo and other communities in the Grasshopper 
and Q Ranch regions did not participate in the network 
that presumably distributed St. Johns Polychrome 
throughout Arizona and New Mexico during the thir­
teenth century (Carlson 1970, 1982; Graves 1982). 
Only four bowls of this type have been recovered from 
room floors at Chodistaas and Grasshopper Spring 
pueblos, and only a few sherds came from surface and 
room fill. The absence of large population centers in the 
area and the topographical barrier of the Mogollon Rim 
may have discouraged other groups from establishing 
regular trade networks with mountain settlers. 

It has been argued that Chodistaas Pueblo and other 
contemporaneous settlements in the Grasshopper and Q 
Ranch regions lacked the residential stability and the 
population mass needed to attract a large flow of goods 
from distant sources on a regular basis (Reid 1989: 79). 
A few obsidian flakes, shell and turquoise ornaments, 
two Hohokam-like palettes, and two St. Johns Poly­
chrome bowls are the only commodities found at Cho­
distaas that could be traded items. A low magnitude but 
recurrent flow of pots through reciprocal ties established 
with communities outside the region, possibly with 
those located in different ecological settings or even 
with those of different ethnolinguistic affiliation (Eric­
son 1977: 118), may account for the presence of non­
local ceramics in the Grasshopper Plateau area during 
the late 1200s. 

Movement of People 

If reciprocal exchange was the most probable kind of 
transaction by which inhabitants of Chodistaas Pueblo 
acquired some of their pots, then movement of people 
perhaps constituted a common mode of bringing them 
into the settlement. On the basis of a pervasive pattern 
observed in Pueblo III period settlements of the Arizona 
mountains and in most areas of the northern Southwest 
(LeBlanc 1989; Nelly 1988; F. Plog 1989), it has been 
suggested that Chodistaas was occupied part time, at 
least initially (Reid 1989:· 77). For small, short-lived 
communities that practiced cultivation as well as hunting 



and gathering, mobility was probably an adaptive strat­
egy that helped them to survive in a marginal environ­
ment (Johnson 1989: 372). Settlements were not neces­
sarily abandoned for long periods of time; seasonal, 
temporary, or short-term mobility would have facilitated 
the acquisition of pots and other goods from distant 
communities and at the same time reinforced social and 
political relationships through marriage and other 
alliances. 

Aside from seasonal, temporary, or short-term 
mobility away from small mountain settlements, migra­
tion of small social units into the mountains could have 
contributed to an increase in the inventory of nonlocal 
pots. Migrations of varying magnitude are known to 
have occurred during the late 1200s. The best docu­
mented case of such events in Southwestern prehistory 
is the Kayenta migration into Point of Pines (Maverick 
Mountain phase), supported by architectural, botanical, 
ceramic, and other lines of evidence (Haury 1958). This 
migration was relatively large, involving approximately 
50 to 60 families who lived with the Point of Pines 
natives for at least 20 years (Haury 1958: 6). Other 
Kayenta-Tusayan-related migrations into the Safford 
area (Brown 1973) and into the San Pedro Valley (Di 
Peso 1958; Franklin and Masse_ 1976; Lindsay 1987) 
are documented in the ceramic record, indicating that a 
trend of southward population movement began some­
time in the second half of the thirteenth century. In 
relation to Haury's reconstruction of the Maverick 
Mountain phase, Reed (1958: 7) noted that the move­
ment of Kayenta people across 320 km (nearly 200 
miles), bypassing populated areas such as Hopi, Chavez 
Pass, or the White Mountains to reach the country of 
the upper Salt River drainage and beyond, suggested 
that Kayenta populations maintained previous contact 
and were acquainted, directly or indirectly, with the 
people living at Point of Pines. Long-term, long­
distance relationships maintained among groups inhab­
iting different territories, and perhaps belonging to dis­
tinct cultural, ethnic, and linguistic traditions, thus 
influenced the choice of destination of migrating 
groups. 

Ethnic coresidence on a smaller scale than that seen 
at Point of Pines, however, could have involved the 
immigration of a single social unit, perhaps from one of 
the numerous homesteads containing a couple of house­
holds that were scattered throughout the Southwest 
(Johnson 1989: 381; Reid 1989: 79). Wilson (1988) 
reported a case of a small-scale Mogollon migration 
into the Dolores area, southwestern Colorado. Small­
scale migrations may have been a prelude to larger 

Ceramic Circulation 17 

population movements, resulting from demographic 
shifts on the Colorado Plateau that brought Anasazi 
people into the mountains to live in pueblos such as 
Grasshopper or to establish separate pueblo communi­
ties (Reid 1989: 80; see Crown-Robertson 1978 for a 
detailed review of prehistoric migration in the American 
Southwest). The archaeological record, in most cases, 
does not lend itself to a clear identification of large­
scale, not to mention small-scale, migrations. But, as 
Reed (1958: 7) observed, the introduction of nonlocal 
pots and nonlocal ceramic-manufacturing technologies 
into a settlement or region did not necessarily imply 
mass migration, for the movement of individuals or 
families, as well as exchange, travel, and inter­
marriage, would have sufficed to spread pottery and 
techniques over wide territories. 

Movement of Raw Materials 

The use of nonlocal raw materials for local ceramic 
manufacture ( clay, temper, pigments, and fuel) is a 
potential source of error when attempting to identify 
imported ceramics. If mobility favored the acquisition 
of pots made in regions far from the one in question, it 
could have facilitated as well the exploitation of high 
quality raw materials unavailable locally. Thus, the like­
lihood that raw materials rather than pots were imported 
into Chodistaas Pueblo needs to be examined. 

There is a close relationship between the ability of a 
population to exploit profitably a given resource and the 
energy expenditure required for this exploitation. Be­
cause energy expenditure is in turn closely related to 
resource distance, a population can efficiently exploit 
only those resources which are located within a certain 
distance (Jarman 1972 as quoted by Arnold 1985: 32). 
Using Browman's (1976) model of exploitable territory 
threshold, Arnold (1985: 33) mentioned four major 
components associated with distance/returns in resource 
exploitation: geodesic distance, pheric (topographic) 
distance, transport costs, and social and psychological 
costs. A range exists where resource exploitation can be 
maximized at minimum cost: this is the preferred range 
of exploitation. Beyond a certain limit, exploitation 
becomes uneconomical. 

Although the distance that a potter would travel to 
acquire good quality. raw materials varies cross­
culturally, there is a strong tendency in ethnographic 
pottery-making communities to exploit resources that 
can be reached within a day's walking distance (Nicklin 
1979: 439). This is particularly true for clay and to a 

· large extent for temper, both of which are needed in 
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large quantities, are heavy, and are difficult to 
transport. Slips and pigments of desired color, on the 
other hand, can be hard to obtain nearby and are often 
acquired from greater distances (Arnold 1985: 36). 
Because water and fuel are needed for subsistence 
activities, a regular supply of both is usually available 
in the immediate vicinity of a pottery-making com­
munity. Resource threshold distances, however, may 
vary according to the degree of sedentism of the com­
munity in question; clay source locations used occasion­
ally by mobile groups may be well beyond the preferred 
range of exploitation. These occasional sources could 
even be located and exploited while carrying out 
activities unrelated to ceramic manufacture (Gould 
1980). Nevertheless, a narrow range of resource ex­
ploitation is common in semisedentary communities 
(Arnold 1985: 36). 

The pheric or topographic distance to a resource also 
affects significantly the use of nonlocal raw materials. 
River navigation and availability of pack animals facili­
tates long-distance procurement of raw materials. Con­
versely, in areas of rough topography potters may be 
more limited in their travel distances (Arnold 1985: 37; 
DeBoer 1984; DeBoer and Lathrap 1979). But even 
when transportation facilities are at hand, potters 
usually procure the necessary raw materials in confor­
mity with the principle of "least effort" (DeBoer 1984: 
545; Zipf 1949), or the notion that humans tend to 
exploit proximate resources in preference to more dis­
tant ones. Sociocultural factors such as restricted access 
to a specific source, presence of other groups in an area 
rich in raw materials, or convenience in acquiring pots 
rather than transporting raw materials from distant 
sources are equally important when considering ceramic 
resource exploitation. 

Information on the use of nonlocal clays and temper 
for ceramic manufacture in the American Southwest is 
especially meager. This is in part due to infrequent 
sourcing of ceramics and to the readiness with which 
archaeologists apply the "trade" label to ceramics of 
presumably nonlocal origin. Shepard (1936: 451) 
observed that only a few instances of trade in body 
clays were recorded from historic pueblos, but that 
there was considerable documentation of trade in slip 
clays, suggesting that fine-textured clays of pleasing 
color were relatively scarce. Today's Zia people must 
obtain hematite pigments through trade with the Hopi 
and, therefore, they are willing to travel as far as Chaco 
Canyon to collect it (Stoffle and others 1994). On the 
Grasshopper Plateau, a variety of brown-red firing clays 
and hematite pigments are locally available (Triadan 

1989), whereas white-firing clays and pigments, which 
are not common in the area, must have been acquired 
elsewhere in prehistoric times. 

Transporting large quantities of clays and temper 
from distant sources might have been less convenient 
than transporting pots, even when risk of loss by break­
age is considered, partly because clays and temper 
weigh more than finished vessels (Arnold 1985: 36) and 
because exchange of ceramics may be chosen over local 
manufacture in situations where intercommunity rela­
tionships need to be constantly reinforced (Chagnon 
1968). It is more likely, then, that movement of raw 
materials in any significant quantity was confined to the 
Grasshopper Plateau or perhaps to the adjacent Q Ranch 
and Cibecue Valley regions. 

CIRCULATION OF CERAMICS AND 
ARCHAEOLOGICAL CORRELATES 

Much of the variability observed in the ceramic 
record, specifically in assemblages from Southwestern 
sites, is likely the result of multiple residential asso­
ciations of the people who used and discarded those 
vessels as well as of exchange with more or less spa­
tially distant relations (Johnson 1989: 384). Unfortu­
nately, the isolation of archaeological correlates for 
these mechanisms is seriously limited because they often 
produce similar material outcomes and distributional 
patterns. 

A number of years ago, Shepard ( 1985) emphasized 
the risks of incurring erroneous identifications of 
nonlocal ceramics precisely because many different past 
behaviors ( ceramic exchange, raw materials exchange, 
ethnic coresidence, imitative behavior, among others) 
tended to produce the same range of variability. Shep­
ard (1985: 339) provided a summary of those behaviors 
and the possible material outcomes that archaeologists 
may isolate and use to infer mechanisms of pottery cir­
culation. In Table 3 .1, I have adapted Shepard's sum­
mary to the previous discussion, emphasizing those sit­
uations likely to be encountered in the archaeological 
record. The identification of such situations depends not 
only on the extent to which compositional, technological 
and stylistic differences between local and nonlocal 
ceramics are recognizable, but also on the ability to 
isolate particularities of the appearance or occurrence of 
a specific ware in a given assemblage. 

A strong indicator of change in the nature of ceramic 
exchange and socioeconomic impact thereof is the 
appearance of production for exchange, with the sub­
sequent increase in standardization and development of 
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Table 3.1. Nonlocal Ceramics 

Behavioral Mechanisms 

I. Movement of Pots 
Trade or exchange 

II. Movement of People 
A. Foreign people bringing nonlocal pots 

B. Foreign people making pots in their own 
tradition with imported raw materials 

C. Foreign people making pots in their own 
tradition with local raw materials 

D. Foreign people making pots in the local 
tradition with local raw materials 

E. Foreign people combining both traditions 
and using local raw materials 

F. Foreign people combining both traditions 
and using imported raw materials 

Ill. Movement of Raw Materials 
A. Local people making pots in the local 

tradition with imported raw materials 

B. Local people making pots in the foreign 
tradition with imported raw materials 

C. Local people combining their own and foreign 
traditions and using imported raw materials 

Material Correlates 

Distinctive raw materials, techniques, and styles 

Indistinguishable from I, unless rate and timing of occurrence and 
contextual associations are controlled 

Same as above 

Identified on the basis of raw materials 

Indistinguishable from pots made by local people if imitation of local 
tradition is good 

Identified on the basis of raw materials and elements of the local 
tradition 

Identified on the basis of raw materials 

Identified on the basis of raw materials 

Distinction from imported pots depends on the quality of the imitation 

Indistinguishable from IIF 

Note. In most cases, potters import only.one kind of raw material (commonly slips, pigments, or glazes) and combine it with local 
raw materials (clays, temper, or both; Arnold 1985; Shepard 1985). 

productive specialization (Costin 1991). The presence of 
large quantities of local as well as nonlocal White 
Mountain and Roosevelt Red wares at Grasshopper 
Pueblo indicate that, during the fourteenth century, the 
Grasshopper Plateau communities became involved in 
the extensive trade network that distributed these wares 
throughout the Southwest (Mayro and others 1976; Reid 
and Whittlesey 1992; Triadan 1994). Whittlesey (1974) 
noted that decorated bowls from Grasshopper Pueblo 
were made proportionally so they could "nest" for easy 
transportation. Specialized workshops where abundant 
raw materials (tempered and untempered clays, pig­
ments) and manufacturing tools (pukis, pigment-stained 
ground stone, bone tools) were recovered have been 
identified at this site (Triadan 1989). 

Volume and directionality of exchange are additional 
indicators of extensive trade (F. Plog 1977). At Homol­
ovi II more than one-half of the pottery was imported 
from the Hopi Mesas, where ceramic production for ex­
change developed after A.D. 1300. Adams (1991: 119a) 

hypothesizes that because fuel for pottery-making was 
scarce, Homolovi people were probably trading cotton 
for yellow wares. Moreover, the nonlocal ceramic 
assemblage at Homolovi suggests that the inhabitants 
may have been acting as intermediaries in the network 
that distributed yellow wares as far as Zuni, the Tonto 
Basin, and the Verde Valley in Arizona. 

The nature of the ceramic evidence for movement of 
people is best exemplified in the Kayenta migration 
events outlined above. Haury (1958: 2) noted that Tsegi 
Orange Ware, which was associated with the Kayenta 
migration into Point of Pines, was manufactured with 
nonlocal raw materials as well as with local raw mate­
rials but in a foreign style (Maverick Mountain Poly­
chrome of Kiet Siel Polychrome style) consistent with 
the imported Tsegi vessels. Haury also observed a ten­
dency to incorporate elements of the native decorative 
style into the local version of Tsegi Orange Ware. Mav­
erick Mountain pottery was not made after the immi­
grants left Point of Pines, further suggesting it was 
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made by foreign potters. Nonlocal Tsegi Orange Ware, 
on the other hand, could have been either brought into 
Point of Pines by the Kayenta or acquired through 
exchange. Although the uneven distribution of Kayenta­
related ceramics across the settlement indicates that the 
pottery was predominantly used by the immigrants 
(Haury 1958: 3), the occurrence of minor ceramic 
exchange with the locals is indicated by low frequencies 
of native ceramics in Kayenta rooms, and vice versa. 

Another situation where movement of people visibly 
influenced the ceramic record is documented by Lind­
say, who suggested that the development of local poly­
chrome ceramics (Tucson Polychrome) in the San Pedro 
Valley was stimulated by the presence of Kayenta­
Tusayan people in the region around A.D. 1300. 
According to Lindsay (1987: 196), Tucson Polychrome 
has "an affinity to both. Gila Polychrome and Maverick 
Mountain Polychrome, but ultimately has its roots in 
the northern polychrome tradition." The Kayenta­
Tusayan influence in the ceramic materials of the San 
Pedro settlements extended to the undecorated assem­
blage, where large-mouthed globular jars (a form 
similar to Kiet Siel Gray), perforated rim plates, and a 
few vessels with corrugated surface finish are present 
(Lindsay 1987: 196). Brown (1973: 139), too, noted the 
presence of a Kayenta-Maverick Mountain "cultural 
unit" in the Pueblo Viejo portion of the Safford Valley 
on the basis of nonlocal as well as locally made Mav­
erick Mountain pottery. Brown (1973: 127) suggested 
that a short-range migration from the Point of Pines­
Reserve area may have introduced the Kayenta-related 
trait complexes into the Safford Valley. 

Small-scale movement of people, such as inter­
marriage, may not be evident at all in the ceramic 
record. A common assumption among Southwestern 
archaeologists has been that a woman who came to live 
in her husband's community continued to practice her 
own ceramic traditions, thus introducing a foreign 
element in the native ceramic assemblage (Hill 1965, 
1970; Longacre 1964, 1970). Ethnographic evidence, 
however, shows that in many instances women adopt 
the local ceramic tradition soon after they move into 
their husbands' villages (Graves 1981; Herbich 1987). 
Nonetheless, careful analysis of the ceramic record may 
provide information on small-scale migrations. Wilson 
(1988: 431), for example, examined Mogollon smudged 
pottery recovered from Pueblo I period sites in Dolores, 
southwestern Colorado, and found not only a small 
number of imported smudged vessels but also locally 
produced wares with smudged surfaces. Smudging tech­
nology is not part of the Mesa Verde ceramic tradition, 

nor is it a practice that can be copied by visual inspec­
tion. This type of evidence is circumstantial, but it 
stimulates the search for additional evidence of the 
movement of people. At Chodistaas Pueblo, differences 
in spatial arrangement and construction dates between 
the northern and southern room blocks (see Chapter 4) 
may well be the product of immigration of a "family 
unit" into the settlement during the A.D. 1280s when the 
southern room block was built. 

Information on the movement of nonlocal clays for 
the manufacture of local ceramics is primarily restricted 
to the ethnographic record. Such situations often involve 
the acquisition of clays from distant sources either 
forced by exhaustion of local beds or facilitated by 
traditional or modern transportation (DeBoer 1984; 
Thompson 1958). Movement of other kinds of raw 
materials, on the other hand, is occasionally identifiable 
in the archaeological record. Small amounts of yellow 
and white pigments were recovered from Room 113, a 
stoqtge-manufacturing room at Grasshopper Pueblo. 
After conducting X-ray diffraction and firing experi­
ments on a large sample of clays, pigments, and sherds, 
Triadan (1989: 71) suggested that both pigment clays 
were probably imported for the manufacture of Four­
mile Polychrome at the pueblo. 

Shepard (1936: 451) mentioned that historic potters of 
San Ildefonso obtained red clay for black ware slip from 
beds in the Valle Grande of the Jemez range, a one-day 
trip on horseback. The white slip of the Laguna Indians 
was obtained in trade by the Zuni, and San Ildefonso 
potters used the fine-textured, cream-colored slip of 
Santo Domingo, traded from either Cochiti or Santo 
Domingo. Elson and Doelle (1986) suggested the move­
ment of micaceous schist, a mineral widely used as tem­
per for the manufacture of decorated and undecorated 
ceramics in the Tucson Basin. The only known source 
of micaceous schist is located in the Rincon Mountains, 
and it may have been transported to the Santa Cruz Val­
ley, approximately 30 km (18 miles) to the west. It 
seems likely that potters restricted the movement of raw 
materials to the scarce but more transportable slips, 
pigments, and glazes, using readily available clays and 
temper to manufacture the bulk of their ceramics. 

Identification of the patterns of pottery circulation 
depends on the extent to which technological and stylis­
tic differences between local and nonlocal ceramics are 
recognizable in the archaeological record and on the 
ability to discriminate local from nonlocal raw materials 
and to relate them, at least in a general way, to the 
local geology. However, deciding which of the many 
possible mechanisms of circulation served to introduce 



presumed nonlocal ware to the ceramic assemblage in 
question may not be possible without knowledge of the 
circumstances surrounding the appearance or occurrence 
of each ware. Knowing the patterns of distribution of a 
given ware over wide regions (magnitude, direction) 
may be helpful in inferring the participation of a com­
munity in trade networks. 

Haury's (1958) identification of the Kayenta migra­
tion to Point of Pines is a strong case in prehistory that 
suggests the movement of people may be identified by 
the sudden appearance of a nonlocal ware in a settle­
ment or region, particularly if it is followed by manu­
facture of foreign ceramics with local raw materials. 
Conversely, the recurrence of a presumed nonlocal ware 
throughout the occupation sequence of a settlement sug­
gests continued reciprocal relationships among produc­
ers and consumers of that ware. Changes in nonceramic 
aspects of the archaeological record, such as the addi­
tion of room blocks, appearance of distinctive arch­
itecture and portable items, and identification of physi­
cally distinct individuals in burials, may be related to 
movement of people and consequent ethnic coresidence. 

The subtle nature of the evidence for ceramic circu­
lation requires a tight control of timing in the occur­
rence of a nonlocal ware and of formation processes 
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responsible for its presence in the archaeological record. 
Chodistaas Pueblo is a site where exceptional recovery 
conditions combine with high technological and stylistic 
variability of the ceramic assemblage to provide a fertile 
ground for refining inferences about circulation of 
ceramics. Although the identification of nonlocal wares 
is based on their compositional and technological char­
acteristics, the mechanisms of circulation of those wares 
into the pueblo are suggested by broad patterns of dis­
tribution on the Grasshopper Plateau and in other re­
gions, by the frequency of their occurrence in surface 
and floor assemblages, by the rate and timing of their 
occurrence, and by other visible changes temporally 
associated with their occurrence. In addition, the tempo­
ral perspective gained from the later ceramics at near-by 
Grasshopper Pueblo provides a comparative situation 
that helps to evaluate the connections between a non­
local ware and its probable mechanism of circulation. 

The following chapters present and justify the meth­
ods followed in the analysis of ceramic variability at 
Chodistaas Pueblo. Results of this analysis are integrat­
ed with additional archaeological evidence from Chodis­
taas and neighboring communities to propose probabil­
ities for local manufacture and to infer the specific 
mechanisms of ceramic circulation of nonlocal wares. 



CHAPTER FOUR 

The Ceramic Assemblage at Chodistaas Pueblo 

C hodistaas Pueblo is located 1.6 km (1 mile) north 
of Grasshopper Pueblo on the White Mountain 

Apache Reservation in east-central Arizona (Fig. 2 .1). 
It was built on the south end of a northwest-southeast 
trending bluff rising 24.4 m (80 feet) above a minor 
drainage of Spring Creek, which parallels the bluff to 
the west. The elevation of the site is 1,853 m (6,078 
feet) above sea level. 

Geologically, Chodistaas Pueblo rests on an outcrop 
of the Permian Supai Formation, Cibeque Member, 
which is composed of reddish brown and light gray 
sandstone and shale. The sandstone unit predominates 
on the Grasshopper Plateau, and it is nonfossiliferous, 
cross-bedded, calcareously cemented, and fills channels 
in the underlying units. Nodular limestone and chert 
pebbles are locally present at various stratigraphic 
positions (Finnell 1966; Winters 1963). Surface red 
clayey soils and clay beds of secondary deposition are 
common in the region, and the sterile stratum under­
lying the room floors at Chodistaas is red clay. 

This geological environment surrounds the site in a 
radius of at least 4.8 km (3 miles) to the north and east. 
An isolated outcrop of Tertiary Younger Gravel is 
located within 2.4 km (1.5 miles) to the southeast. This 
outcrop is characterized by large pebbles of quartzite, 
limestone, chert, diabase, and granite, and light gray to 
pinkish gray and grayish red coarse sands composed 
mainly of feldspar, chert, and claystone. The outcrop is 
locally cemented by calcite (Finnell 1966). Naco Lime­
stone extends to the west and south of Salt River Draw. 

ENVIRONMENT 

The Grasshopper Plateau is located within the 
physiographic subprovince designated by Moore (1968) 
as the "Carrizo Slope," a plain of gently sloping sedi­
mentary rocks cut by numerous canyons that have been 
carved by generally south-flowing streams. Differential 
erosion has modified the surface of the slope, forming 
cliffs and benches (Moore 1968: 6-8). This plain slopes 
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southward from the Mogollon Rim to the Salt River. It 
characterizes the Transition Zone, a broad diagonal 
band of uplands that is geographically, geologically, and 
ecologically intermediate between the southern edge of 
the Colorado Plateau and the Basin-and-Range Province 
(Peirce 1985). 

The differences in elevation within the Transition 
Zone make the Grasshopper region an ecotone with 
high biotic diversity. Species characteristic of lower 
elevations such as ocotillo, agave, and members of the 
Opuntia family are present, as well as mixed pifion­
juniper-oak woodlands, ponderosa pine, and stands of 
Douglas Fir, which occur in the higher elevations 
(Holbrook and Graves 1982: 5). Both the Upper Sono­
ran and the Evergreen Woodland biotic communities 
(Lowe 1964) are well represented. 

Even though the environment of the Grasshopper 
region has been altered by range expansion programs 
conducted in the 1960s, it appears that modern climate, 
topography, soils, and biotic resources remain roughly 
similar to late prehistoric conditions (Bohrer 1982; 
Dean and Robinson 1982; Kelso 1982; Sullivan 1980; 
Welch 1991). Compared with most other Southwestern 
uplands, agricultural potential is high in the Grass­
hopper region; 40.1 cm to 50.1 cm (16 to 20 inches) 
annual rainfall, 120 to 160 frost-free days, and abundant 
meadows with relatively high quality soil indicate the 
region's suitability for agriculture (Tuggle and others 
1984: 102-104). Furthermore, the entire region below 
the rim slopes southward, maximizing exposure to solar 
radiation (Welch 1991). 

Paleoclimatological information derived from tree­
ring samples from Grasshopper Pueblo indicate that 
during the period of the Great Drought (from A.D. 1276 
to 1299) the Grasshopper Plateau was characterized by 
a thinning of the forest and a lowering of the water 
table, producing conditions amenable for agriculture 
(Dean and Robinson 1982: 59). These factors may have 
attracted populations from areas ravaged by the Great 
Drought, who established small, stone-walled pueblos 
(Graves and others 1982). 



Today, shallow deposits of native soil (Jacks 
Gravelly Clay Lorun) support an open woodland of 
pifion, ponderosa pine, juniper and scattered mamanita, 
which provide a visible and accessible ground surface. 
A layer of forest litter and sheet debris surround the 
site, covering the soil deposits. Immediately below, 
there is bedrock (Crown 1981a). 

SETTLEMENT PATTERNS 

The expansion of above-ground masonry pueblos on 
the Grasshopper Plateau can be dated to the second half 
of the thirteenth century, a time of organizational 
changes in the Arizona mountains. These changes were 
brought about by two factors: an increase in contact 
with people to the north, and local experimental adjust­
ments to diverse mountain environments in both subsis­
tence and social organization (Graves and others 1982; 
Reid 1982, 1989; Reid and Tuggle 1988; Reid and 
Whittlesey 1982; Tuggle 1970; Whittlesey 1982b; 
Whittlesey and Reid 1982a). In other regions of the 
Mogollon mountains, such as Point of Pines, processes 
similar to those in the Grasshopper region were under­
way before the mid 1200s, largely because of sustained 
contact with people to both the north and south (Haury 
1958; Johnson 1965). 

Reconstruction of the settlement patterns and subsis­
tence strategies on the Grasshopper Plateau and in the 
Q Ranch region to the west reveals that small hamlets 
(2 to 5 rooms) clustered around focal communities of no 
more than 20, low-walled surface rooms that served a 
dispersed, local population (Whittlesey and Reid 
1982a). During most of the thirteen century, the loosely 
clustered settlements were linked through residential 
moves; full-time occupation of a settlement was infre­
quent. Residential mobility, however, appears to have 
been bound to specific regions: in the Chevelon drain­
age, for exrunple, the settlement system centered on 
small communities with nearly full-time occupations 
(Whittlesey and Reid 1982a). In the Q Ranch region, 
many small settlements were oriented toward special 
tasks such as plant procurement and processing on a 
seasonal basis (Whittlesey 1982b). 

The late Pueblo III period settlement pattern on the 
Grasshopper Plateau consisted of at least two, or per­
haps three, settlement clusters. Chodistaas, the only 
pueblo of this period that had an enclosed plaza, was 
the focal community of one of the largest clusters. 
Architectural features such as wall height and roof 
construction at Chodistaas and Grasshopper Spring 
pueblos (Fig. 2.1) are in accord with the idea that these 
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pueblos may have been occupied seasonally (Lorentzen 
1988; Montgomery 1992; although see Crown 1981a 
for a contrasting view), thus fitting into the general 
pattern of seasonal occupations throughout the Arizona 
mountains during the late 1200s. Reid (1989: 77) con­
tends that full-time occupation of Chodistaas may not 
have occurred until the mid 1280s, during the height of 
the Great Drought when the latest four rooms were 
built, probably to expand habitation-storage facilities. 

The last decade of the thirteenth century witnessed 
an increasing dependency on the cultivation of corn and 
beans with dry farming techniques that probably favored 
residential stability and full habitation, although hunting 
and gathering continued to be a prominent component 
of the subsistence economy (Welch 1991). During the 
period of the Great Drought (A.D. 1276-1299), popula­
tion grew in the Grasshopper region as a result of 
immigration from the north and increased residential 
stability (Reid 1989: 77). This increase may have re­
stricted access to wild resources, and toward the end of 
the thirteenth century settlements clustered near agri­
cultural land. It was not until after A.D. 1300 that 
population aggregation and full agricultural commitment 
(Welch 1991) brought about organizational changes that 
characterized the Pueblo IV occupation in the region. 

ARCHAEOLOGY 

Chodistaas Pueblo was first recorded in 1966 and a 
surface collection was made in 1969 (Tuggle 1970). The 
initial goal was to exrunine a preaggregation site in 
order to understand further the processes of Pueblo IV 
aggregation in the region (Crown 1981a; Reid 1973). 
Prior to 1976, systematic excavations in the Grasshop­
per region were limited to Grasshopper Pueblo (Hough 
1935; Longacre and Reid 1974; Thompson and Long­
acre 1966) and to Canyon Creek Ruin (Haury 1934). 

Chodistaas Pueblo was selected for investigating pre­
aggregation processes because its estimated dates of 
occupation had been placed between A.D. 1100 and 
1250 on the basis of surface cerrunics (Tuggle 1970). 
Architecturally, Chodistaas suggested a date late in this 
period and a complexity more directly antecedent to that 
at Grasshopper than other, roughly contemporaneous 
sites in the region (Crown 1981a: 19). 

Four phases of field research (1976-1979; 1982-
1985; 1988; 1991) included excavation of 17 of 18 
masonry rooms at Chodistaas Pueblo and excavation of 
test units in the plazas and outside the pueblo walls. 
Excavation of the pueblo rooms revealed the site's 
unique research potential: 136 tree-ring dates indicated 
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Figure 4.1. Plan of Chodistaas Pueblo, showing excavated rooms, test pits 
(TP) and test trenches (TI). 

that Chodistaas was occupied for no more than 40 
years, with less than 30 years of building activity (A.O. 

1263 to about 1290). Charred beams and debris covered 
what has been interpreted as a "complete non-perishable 
artifact inventory" (Crown 1981a; Montgomery and 
Reid 1990), which represented both indoor and outdoor 
activities. The inventory also included small quantities 
of exotic materials such as obsidian, turquoise, shell, 
and two Hohokam-like palettes. The end of the occupa­
tion at Chodistaas came with a complete burning of the 
pueblo. This event is estimated to have occurred in the 
1290s, on the basis of the latest tree-ring date of A.O. 

1288 (noncutting), the absence of fourteenth-century 
White Mountain Red Ware ceramics on room floors, 
and the aggregation at nearby Grasshopper Pueblo 
beginning around A.O. 1300 (Crown 1981a: 31; Mont­
gomery and Reid: 1990: 89). In addition, archaeomag­
netic samples from a firepit and jacal wall in Room 2a 
dated at A.D. 1255 ± 40 and 1265 ± 80, and a firepit 
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in Room 9 dated at 1240 ± 40 (Crown 1981a: 31). 
These dates are consistent with the estimated time of 
abandonment of the pueblo. However, standard devia­
tions of these dates cover the entire occupation of the 
pueblo and thus cannot be adequately interpreted in the 
absence of ceramic and tree-ring data. 

Excavation Sequence 

A detailed description of excavation procedures and 
results of the first phase of research (1976-1979) has 
been provided by Crown (1981a). Nine masonry rooms 
(1, 2, 3, 5, 8, 9, 11, 15, and 16) were excavated during 
this period in order to define the site occupation span, 
construction sequence, and residential unit size. In 
addition, strata below the floors of several rooms were 
excavated, and sections of Plazas 1 and 2 were trenched 
in an attempt to obtain information on outdoor activity 
areas (Fig. 4.1). 



Rooms revealed four geological or cultural strata: (1) 
surface, consisting of humus and loosely packed mate­
rial covering the structures; (2) wall fall, a stratum . 
comprised of large masonry rocks, trash, and dirt fill; 
(3) roof fall, a stratum formed by one or more layers of 
charred roof beams and daub, the lowest lying directly 
on the floor; and (4) floor, or occupational surface. 
Room floors usually did not present any clear change in 
soil texture, color, or compaction. Therefore, Crown 
(1981a: 26) defined occupational surfaces or "floors" 
for each room on the basis of features, flat-lying paving 
stones, artifacts, and roof beams that lay directly on 
those surfaces. 

After a careful consideration of artifacts in the room 
assemblages (ceramic vessels, ground stone, polished 
stone, chipped stone, shell, bone, turquoise, pigments, 
palette, and other items), floor features (slab-lined 
hearths, firepits, mealing bins, ventilators, and plat­
forms), and architectural data (masonry types, room 
sizes, access, and roofing species), Crown divided the 
rooms into four functional classes: (1) habitation 
(Rooms 8, 9, 11, and 1), with artifacts and features 
associated with cooking and heating activities, grinding 
and food preparation, and perhaps some manufacturing 
activities; (2) storage (Rooms 3 and 5), which lacked 
the major features characteristic of habitation rooms but 
had large quantities of jars compared to the total assem­
blage of other rooms; (3) community-secular (Rooms 2c 
and 16 and two three-walled structures opening to Pla­
zas 2 and 1 respectively), with artifactual and architec­
tural evidence to suggest activities associated with food 
preparation and storage; and (4) community-ceremonial 
(Rooms 2a, 2b, and 15), with features such as central­
ized firepits, well-plastered walls and floors, benches, 
and exotic artifacts. The habitation and storage rooms 
were further classified into four households: 1, 11, 5 
and 9, and 3 and 8 (Crown 1981a: 40-65). In her re­
cent interpretation of Chodistaas floor assemblages and 
room function, Montgomery (1992) classified Rooms 3, 
5, 8, and 9 as storage rooms that likely belonged to two 
households in the southern room block. 

The first phase of research at Chodistaas Pueblo sug­
gested that late Pueblo III period occupations in the 
Grasshopper region contained information useful for 
elucidating organizational changes in this area of the 
mountains at the end of the thirteenth century. In fact, 
a more complete sample of excavated rooms was neces­
sary in order to contrast household organization at Cho­
distaas with that at Grasshopper Pueblo, to refine cri­
teria for interpreting room function, and to clarify tem­
poral differences in the composition of ceramic assem-
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blages from Pueblo III and Pueblo IV periods (Ciolek­
Torello 1978, 1985). The second phase of field research 
at Chodistaas (1982-1984) was thus planned to address 
these problems. This phase included the excavation of 
five rooms, three in the north room block (Rooms 13, 
14, 17; Fig. 4.2) and a pair in the south room block 
(Rooms 7 and 4; Fig. 4.3). In addition, test pits were 
excavated along the walls in Plaza 2 to obtain more in­
formation about outdoor activities (Montgomery 1992). 

Excavation of the southern room block continued in 
1988. The third phase of field research focused on the 
reconstruction of formation processes, which was cru­
cial not only for evaluating the data obtained from pre­
vious excavations but also for further understanding the 
events that took place just prior to the abandonment of 
Chodistaas. In addition to excavating Rooms 6 and 10, 
a final exploration of outdoor areas involved the excava­
tion of: (1) 12 test pits located in the surroundings of 
the site to plot the depth, density, and extension of de­
bris deposition; (2) a 3-m by 7-m test pit in the north­
west corner of Plaza 1 ; and (3) a semicircle of stones 
that was thought to be part of a ceremonial structure. 
The excavation of Room 18, a ceremonial structure in 
the southern room block, was completed in 1991. 

Architectural features (bond-abut relationships, 
access, wall masonry) and tree-ring dates recovered 
between 1976 and 1991 show that Chodistaas Pueblo 
was constructed in several episodes of building activity. 
Crown had already advanced a tentative four-phase con­
struction based on the rooms excavated through 1979 
(Crown 1981a: 35-39, Fig. 5). According to a sequence 
proposed to me in 1991 by Barbara Montgomery, the 
first episode involved the construction of Rooms 13 
(A.D. 1263r) and 12 (unexcavated), which abutted the 
north wall of Plaza 1. Room 14 (A.D. 1268r) and per­
haps Room 17 were added shortly after, and by 1270, 
Rooms 1 and 11 had been built against the northeast 
corner of the plaza. Two years later, Rooms 15 and 16 
were added to the pueblo, abutting Rooms 11 and 1, 
respectively. Room 2 (a, b, and c) was probably con­
structed around 1272; it has dates no later than 1271. 

Construction of the southern room block took place 
between A.D. 1280 and 1286. A single cutting date for 
Room 7 suggests that this and probably Rooms 4, 6, 
and 10 were built during 1280. Because Rooms 4 and 
10 were not bonded to the west wall of the plaza, the 
construction sequence of these rooms and the plaza is 
unclear. Montgomery (1992) provides two alternative 
sequences: (1) Plaza 1 was expanded by moving the 
wall farther south in order to include additional rooms, 
or (2) sections of the west wall of Plaza 1 were broken 



Figure 4.2. Field crew excavating Room 13 at Chodistaas Pueblo in 1984. 
(Arizona State Museum photograph 65412, University of Arizona.) 

when Rooms 4 and 10 were added to the pueblo. Origi­
nally, the southern room block may have consisted of 
two three-walled structures that were further divided 
into four rooms. 

Both alternatives are equally plausible and would 
explain the absence of a continuous west wall. Both 
pairs of rooms ( 4 and 7, 10 and 6) are similar in layout 
and appear to have been built almost contemporane­
ously, even though Rooms 6 and 10 abut onto Rooms 
7 and 4 (Montgomery 1992). No cutting dates were 
obtained from Rooms 6 and 10. 

Around A.O . 1285, the southernmost rooms (Rooms 
3, 5, 8, and 9) were added to the pueblo. They were 
built as a single large square abutted to Rooms 6 and 
10, and then divided into four rooms (Crown 1981a). 
Tree-ring dates cluster around A.O. 1285, supporting 
this sequence. Room 18 (a and b), a three-walled cere­
monial structure that, like Room 2, opens to the east, 
was probably built soon afterward, since its northwest 
corner rests against the southwest corner of Room 3. 

The remarkable difference in spatial arrangement of 
the north and south room blocks is one characteristic 
that supports the late construction date for Rooms 4, 7, 
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6, and 10. These rooms parallel the symmetrical ar­
rangement of the southern room block, suggesting that 
all of them were built under similar architectural, func­
tional, or residential criteria. The number and distribu­
tion of artifacts and features indicate that Rooms 4 and 
10 served similar functions, possibly habitation. This 
inference is based on the presence of a mealing bin and 
two slab-lined hearths in each of these structures and on 
the low number of storage vessels and other artifacts on 
the floor. Rooms 6 and 7 have a high number of vessels 
and artifacts that generally indicate storage-manufactur­
ing activities (Montgomery 1992, Chapter 7). In con­
trast, the rooms in the northern room block were not 
built in pairs as were those in the southern room block; 
however, connecting rooms may have had complemen­
tary functions. 

The pueblo, then, could have been organized in two 
major residential units, namely, northern and southern 
room blocks. The fact that each room block had its own 
ceremonial room (Room 2 in the north and Room 18 in 
the south) supports this tentative reconstruction of the 
residential organization at Chodistaas Pueblo. It is 
unclear how Room 15, identified by Crown (1981a: 61) 



Figure 4. 3. Room 7 at Chodistaas Pueblo, showing artifacts on Floor 1. 
(Arizona State Museum photograph 62618, University of Arizona.) 

as a ceremonial act1v1ty room, fits into this recon­
struction. Two exotic artifacts were on the floor of 
Room 15, a Hohokam-like palette and a St. Johns Poly­
chrome bowl, but similar items were also found on the 
floors of two storage-manufacturing rooms, 7 and 14, 
respectively. The access to the plaza and the bench, 
however, confirm the unusual character of Room 15. 

Evidence of outdoor activities was recovered from 
Test Pit 88-1, located along the south wall of Room 14. 
Here, a firepit and a slab-lined hearth were associated 
with high concentrations of manufacturing tools (for 
example, a shaft straightener), grinding implements, 
raw clay, and at least one complete jar. Slab-lined 
hearths are usually indoor features, but there is no indi­
cation that this area was part of an enclosed structure. 
These investigations demonstrated the use of open areas 
for a wide range of activities. Unfortunately, no infor­
mation of similar significance was recorded from pre­
vious excavations of Plazas 1 and 2. 

A detailed analysis of construction, household orga­
nization, and room function at Chodistaas Pueblo is pro­
vided by Montgomery (1992). It is important to stress 
that there are similarities as well as differences in the 

[27] 

organization of domestic space between Chodistaas and 
Grasshopper Pueblo. As Reid (1989: 78) notes, Chodis­
taas had larger rooms than Grasshopper (29 square 
meters versus 16 square meters, on average), the late 
rooms at Chodistaas were arranged in complementary 
pairs, and room functions (habitation, storage, and man­
ufacturing activities) were less rigidly assigned at Cho­
distaas. Organizationally, however, the southern rooms, 
built after A.D. 1280, resemble Grasshopper Pueblo 
households more closely than rooms built during the 
first decades of occupation at Chodistaas, suggesting 
continuity between both pueblos. Furthermore Room 18 
appeared to be a transitional architectural form between 
late Pueblo III period ceremonial rooms and the kivas 
at Grasshopper Pueblo (Reid and Montgomery 1993). 

FORMATION PROCESSES AT 
CHODISTAAS PUEBLO 

Montgomery's (1992) research at Chodistaas Pueblo 
includes detailed observations of the effect that natural 
and cultural processes had in the actual deposition of 
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artifacts on the site surface and in the rooms (Mont­
gomery 1990; Montgomery and Reid 1990). According 
to Montgomery, two independent surface collections 
and excavation of 12 test pits provide a well-docu­
mented record of distribution, density, and depth of 
cultural remains that litter the pueblo surroundings. 
Deposits that contain cultural material are shallow (7 
cm to 36 cm); no soil build-up has occurred in areas 
around the room blocks, because they are located in an 
erosional setting. High densities of cultural material are 
found almost exclusively on the eastern slope of the 
bluff, and artifactual density is low in test pits exca­
vated in areas north, south, and west of the pueblo. 
There is little evidence of the distorting effects of 
vegetation, small and large mammals, and insects on the 
surface materials. Likewise, no vandalism has intro­
duced room fill or burial assemblage sherds on the 
surface. 

Excavation of 17 masonry rooms at Chodistaas has 
produced 340 complete and partial vessels. The integ­
rity of the ceramic assemblage in these rooms is a good 
indicator of the minimal effect that environmental pro­
cesses had in incidence and location of vessels. Even 
though tree roots have affected pueblo masonry, they 
have not severely altered the location of the pots (Mont­
gomery and Reid 1990). On the other hand, a number 
of behavioral processes were responsible for the pres­
ence of whole and nearly complete pots in the rooms at 
Chodistaas Pueblo. The conditions of Chodistaas aban­
donment and burning argue against curation and scav­
enging as a significant factor for modifying room 
ceramic assemblages (Montgomery 1990; Montgomery 
and Reid 1990). Costly items such as metates and rare 
items such as Hohokam-like palettes were not removed 
from the floors. It seems highly probable that the 
pueblo was occupied until shortly before it burned. 

Montgomery and Reid (1990; Montgomery 1990, 
1992) observe that the intentional filling-in of rooms 
with dirt and trash immediately after the burning of the 
pueblo contributed greatly to preserving room assem­
blages from postoccupational scavenging. The authors 
mention three facts that support this inference: ( 1) 
above-ground, masonry rooms on a bluff top character­
ized by erosion were quickly filled; (2) the relatively 
rapid filling of at least three rooms (10, 14, and 17) is 
indicated by a brief reoccupation that left two prehis­
toric hearths and one stone wall above the trash fill 
level; and (3) sherd density in the room fill is unusually 
high. Additionally, Lorentzen (1988) estimates that 
Room 10 was filled immediately after the burning, as 
suggested by the high number (66 out of 76) of dis-

carded projectile points found in the fill that suffered 
the discoloration effects produced by exposure to in­
tense heat. The extremely good preservation of charred 
roof beams definitely indicates that they were covered 
within a short time and were .well protected from the 
ravages of the environment (Montgomery 1993). 

The intentional burial of household belongings at 
Chodistaas Pueblo was not observed in the rooms exca­
vated at Grasshopper Spring Pueblo, which also have 
pots left on the floors. Montgomery (1993) reports that 
this unusual case of abandonment may well be related 
to the pivotal role of Chodistaas, the only pueblo in the 
region that has an enclosed plaza, as a focal community 
in the area. She suggests the initial interpretation that 
these rooms were intentionally buried as part of ritual 
activity associated with the burning and abandonment of 
the pueblo. 

The circumstances surrounding the abandonment of 
Chodistaas Pueblo remain unknown. However, the tim­
ing of abandonment, about A.D. 1300, coincides with 
the founding of Grasshopper Pueblo, which, in turn, 
seems to have been partially related to population move­
ment onto the Grasshopper Plateau at the end of the 
thirteenth century (Crown-Robertson 1978; Graves and 
others 1982; Reid 1989; Whittlesey 1978). Burning and 
abandonment of small settlements followed by popula­
tion aggregation at a large pueblo may be signaling 
some sort of conflict between local settlers and immi­
grants, an idea that cannot be substantiated at this time. 

Thus far, there is insufficient evidence to infer that 
Chodistaas rooms changed in function, were abandoned 
early, or were filled with trash before the pueblo 
burned. Although traces of an earlier Mogollon pit 
house occupation located under the floors of Rooms 15, 
7, and Plaza 2, and of a later (after A.D. 1300) prehis­
toric occupation on top of the already filled Rooms 10, 
14, and 17 were identified, these occupations did not 
alter room floor assemblages. 

To summarize, the site of Chodistaas provides the 
most complete set of data known for Pueblo III period 
occupations in the Arizona mountains. The exceptional 
chronological control of its construction sequence, the 
wealth of information on room assemblage composition, 
and the detailed reconstruction of formation processes 
allow the archaeologist to address a variety of issues, 
such as room function and household organization, 
architecture, abandonment processes, and more specific 
problems regarding artifactual variability. The particular 
time period during which Chodistaas Pueblo was occu­
pied, and the conditions surrounding its abandonment, 
underscore the significance of this site for tracing the 



series of events that occurred just prior to aggregation 
at Grasshopper Pueblo. The whole-vessel assemblage is 
one of the most informative aspects of the archaeologi­
cal record at Chodistaas, and it is described below. 

CERAMIC WARES 

The ceramic assemblage from Chodistaas Pueblo 
consists of 340 whole and partial vessels, 115 of which 
are decorated. Because 10 of those vessels were recov­
ered from the floor of Room 18 after this study was 
completed (Montgomery 1992), only 330 of the pots are 
included in this analysis. All but 6 partial vessels came 
from room contexts at Chodistaas (Appendix A). Por­
tions of five undecorated jars and one decorated bowl 
were found in association with outdoor activity areas in 
Plani 1 (Tp-88-1). Most of the vessels were part of 
household assemblages probably in use until shortly 
before the pueblo was abandoned. 

When excavated, most large vessels were sitting 
upright along the walls on the floor of storage and 
habitation rooms and near room features. The broken 
pots atop roof beams above the floor surface indicate 
that they were sitting on the roof when the roofs col­
lapsed during or after the fire (Crown 1981a: 74). 
Roofs were not used as working or heavy storage sur­
faces, however, as they were constructed entirely with 
secondary beams that could not have supported much 
weight (Montgomery 1992: 214). Vessels outside Room 
14 in the northwest corner of Plani 1 were also asso­
ciated with features and working implements; because 
they were incomplete, it is less clear whether or not 
they may have been discarded vessels. Careful sorting 
and refitting of fill sherds and broken pots was con­
ducted throughout the field research at Chodistaas 
Pueblo in order to avoid spurious estimates of vessel 
completeness (but see Montgomery 1992: 220). 

Most rooms included at least one decorated bowl and 
one decorated jar. Even though the number of vessels 
and the percentages of decorated and undecorated jars 
and bowls varied from room to room in relation to 
function, all wares represented in the pueblo were 
present in each of the two room blocks, indicating that 
these wares were equally accessible to residents of both 
the northern and southern room blocks throughout the 
occupation of the pueblo (Table 4.1). In other words, 
no temporal differences between the ceramics of each 
room block were detected. 

Crown (1981a) wrote the first complete description 
of the 197 vessels from 9 rooms excavated from 1976 
to 1979. Her classification of decorated vessels followed 
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previously published formal types. Undecorated vessels 
were given a descriptive label without the geographical 
component of type names. Although traditional deco­
rated type labels are often useful, I have regrouped the 
already analyzed vessels into wares. As stated above, 
ware is a parsimonious and flexible analytic category 
for partitioning an assemblage into units that facilitate 
identification of local and nonlocal ceramics. The gen­
eral description of the Chodistaas Pueblo ceramic 
assemblage introduced here emphasizes the use of ware 
rather than type as the unit of classification and 
analysis. 

Decorated Wares 

The decorated assemblage at Chodistaas Pueblo is 
dominated by Cibola White Ware and Roosevelt Red 
Ware. White Mountain Red Ware and painted corru­
gated wares are present in small numbers (Table 4.1). 

Cibola White Ware 

Cibola White Ware is a mineral-painted, generally 
white-slipped pottery. Vessels are characterized by 
white to gray paste (Munsell Color 2.5YR 8/0, 7.5YR 
8/0) finely tempered with quartz sand and often crushed 
sherds. Commonly these vessels display smooth, pol­
ished and slipped surfaces, and they were fired in a 
moderately high-temperature, nonoxidizing atmosphere 
(Colton 1956; Colton and Hargrave 1937; Fowler 1989; 
Plog 1980). 

The design layout of jars and pitchers conforms to 
Haury's (1931) description of Pinedale Black-on-white: 
they have two zones of decoration, body and neck, the 
body decoration consisting of a single broad field de­
fined by two framing lines, one located a few centi­
meters below the neck and the other near the base, 
which is always left unpainted. The neck decoration, as 
described by Colton and Hargrave (1937: 242), usually 
displays solid stepped elements, triangles, vertical bars 
or short lines pendant from the rim. The body designs 
themselves, however, are not "Pinedale" and, therefore, 
these vessels should not be typed as such (but see 
Crown 1981a: 67). 

Black-on-white bowls in the Chodistaas assemblage 
do not fit the defined description for Pinedale Black-on­
white given by Colton and Hargrave ( 1937: 242). Only 
two of ten bowls exhibit the quartered layout often seen 
in Pinedale Black-on-white bowls (Crown 1981a: 68), 
and a third one is Snowflake Black-on-white. It is diffi­
cult to assign the remaining bowls to a well-defined 
type. All of them are, nevertheless, Cibola White Ware. 
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Table 4.1. Decorated Vessels by Room and Ware 

Room No. 

2 

3 
4 
5 
6 
7 
8 

9 

10 
11 
13 
14 
15 
16 
17 

Tp 1 

Total 
Percent 

Cibola White Ware 

2 
1 

6 
2 
5 
6 
4 
5 
7 

2 
2 

4 
3 
2 

51 
45.1 

Roosevelt Red Ware 

3 
3 

3 
3 
5 
6 
7 

3 
3 
1 
2 

40 
35.4 

Crown (1981a: 298, Fig.14) identified seven design 
styles for jars, bowls, and pitchers: Red Mesa, Puerco, 
Roosevelt, Kayenta, Snowflake, Tularosa, and Pinedale. 

Roosevelt Red Ware 

Bowls of Roosevelt Red Ware are Pinto Black-on-red 
and Pinto Polychrome, both constructed by the coil-and­
scrape technique. Paste is gray-brown to orange (Mun­
sell lOYR 5/1 to lOYR 5/6), tempered with fine water 
worn sand, crushed white sherds, or both. Pinto Black­
on-red has orange to red slip (Munsell 5YR 4/6 to 
2.5YR 4/6) on the interior and orange slip on exterior 
surfaces. Pinto Polychrome has white slip on interior 
surfaces. Organic substances, or a mixture of organic 
and black mineral pigments, were used to paint designs 
in bowl interiors (Colton and Hargrave 1937: 86; Gif­
ford 1957; Gladwin and Gladwin 1930; Lindsay and 
Jennings 1968; Young 1967). Retiring of sherds from 
Chodistaas Pueblo vessels indicated the presence of 
organic pigment with no mineral admixture, according 
to Patricia Crown in 1990. 

Design styles are mostly Pinedale and often show 
offset quartered layouts or threefold layouts filled with 
solid and hachured stripes, scrolls, scrolls with scal­
loped or serrated edges, steps, keys, squares, and tri­
angles (Colton and Hargrave 1937: 86). Uncommon 
variations seen at Chodistaas and Grasshopper Spring 
pueblos consist of white or black designs on the exterior 

White Mtn. 
Red Ware 

2 

1.8 

Painted Corrugated 

2 
1 
3 
2 
2 
2 

2 

2 
1 
2 

20 
17.7 

Total 

4 
5 

12 
7 

11 
13 
12 
13 

7 

7 
6 
7 
6 
2 

113 

Percent 

3.5 
4.4 

10.6 
6.2 
9.8 

11.5 
10.6 
11.5 
6.2 

6.2 
5.3 
6.2 
5.3 
1.8 

0.9 

that are similar to St. Johns Polychrome (Mera 1934: 
15), and interior black and red designs over white slip 
(Crown 1981a). 

White Mountain Red Ware 

White Mountain Red Ware is represented in the 
assemblage by only two St. Johns Polychrome bowls 
(Carlson 1970, 1982; Gladwin and Gladwin 1931; 
Graves 1982). Both of them have light buff paste tem­
pered with quartz sand and crushed sherds. Surfaces 
have a thick layer of orange-red slip unevenly smoothed 
to lightly polished. Designs are painted with black 
mineral paint on the interior and white paint on the 
exterior surfaces. 

Painted Corrugated 

Vessels that display painted designs over indented­
corrugated surfaces were assigned to Salado White-on­
red Corrugated, Cibicue Painted Corrugated (a renam­
ing of the corrugated variant of Cibicue Polychrome), 
and McDonald Painted Corrugated (Crown 1981a: 71). 
These types share several characteristics. Bowls are 
made of gray-brown to orange paste (same color range 
as in Roosevelt Red Ware), tempered with fine to medi­
um quartz sand and sometimes with diabase (a rock of 
basaltic composition). They have polished and smudged 
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Table 4.2. Undecorated Vessels by Room and Ware 

Plain Corrugated Room 
No. Red Brown Brown Gray-orange Unidentified Salado Red Total Percent 

2 
3 
4 
5 
6 
7 
8 
9 

10 
11 
13 
14 
15 
16 
17 

Tp 1 

Total 
Percent 

3 
3 

3 
5 
4 
7 
7 

1 
2 
2 
2 

40 
18.4 

1 
2 

2 

2 

11 
5.1 

7 

12 
3 

12 
8 
4 
7 

2 
2 
6 

5 

2 
5 

11 
2 

89 
41.0 

3 

3 
3 
8 
3 
6 
6 
5 
2 

1 
3 
2 

2 

51 
23.5 

interior surfaces and obliterated corrugations with fairly 
regular indentations. Salado White-on-red Corrugated 
has exterior raspberry red slip (Munsell 2.5YR 4/4). 
This type and McDonald Painted Corrugated have exte­
rior designs painted with fugitive white pigment (Colton 
and Hargrave 1937; Gladwin and Gladwin 1930; ). The 
two Cibicue Painted Corrugated bowls that occur in this 
assemblage are of the obliterated-corrugated variety 
(Mauer 1970: 9), with dark red and white fugitive 
designs on the exterior surface. 

Although exterior designs have almost disappeared 
on most McDonald bowls, when visible they are simi­
lar to the white-striped designs displayed on Salado 
White-on-red Corrugated bowls; however, they do not 
have the horizontal band just below the rim that is char­
acteristic of McDonald Painted Corrugated. At Chodis­
taas, Salado White-on-red Corrugated also occurs in jar 
form, but these vessels are more similar in paste texture 
to undecorated corrugated jars and bowls than to 
painted corrugated bow ls. 

Undecorated Wares 

Corrugated and plain wares are the two broad cate­
gories of undecorated vessels in the assemblage (Table 
4.2), and both are further divided by the presence or 
absence of red slip. 

Crown (1981a) provided a detailed description of 
brown corrugated vessels, most of which she grouped 

2 

3 
2 

12 
5.5 

2 

2 

2 
3 

2 

14 
6.5 

2 
16 
22 
8 

25 
23 
18 
24 
15 
4 
8 
4 
9 
9 
9 

16 
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under brown indented obliterated corrugated, a type 
"class" of vessels present in mountain sites dated to the 
thirteenth and fourteenth centuries. Crown did not des­
ignate gray corrugated wares as a separate group in the 
assemblage, but recent work indicates a partition be­
tween brown and gray corrugated pottery is useful. 

Brown Corrugated 

These indented obliterated corrugated vessels are 
commonly characterized by a brown-red paste (Munsell 
5YR 4/3, 4/4, 4/6) of medium or coarse texture with 
abundant temper that often includes particles of diabase 
and muscovite, with wide coils and indentations. The 
exterior surfaces exhibit varying degrees of obliteration 
of the coils and indentations caused by wiping (Crown 
1981a: 71). A few vessels were classified into different 
descriptive types according to variations of surface ma­
nipulation, although they are generally similar to brown 
indented obliterated corrugated (Crown 1981a: 73). 

Cray-orange Corrugated 

The gray corrugated vessels (also called gray-orange 
to distinguish them from "plateau" Cibola Gray Ware) 
are also indented obliterated, but differ from brown 
corrugated vessels in a number of attributes. They have 
gray-to-reddish yellow paste (Munsell 7 .5YR 5/0 to 
7.5YR 6/6) tempered with medium to coarse quartz 
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sand or weathered quartzite, usually thin walls, narrow 
coils and small, slightly obliterated indentations. 

Unidentified Corrugated 

Several vessels were not visually classified as either 
brown or gray corrugated; they had dark brown paste 
and unidentified temper. Retiring of sherds from these 
corrugated vessels was useful for refining this initial 
classification. 

Salado Red Corrugated 

These indented obliterated corrugated vessels have 
raspberry red slip (Munsell 2.5YR 4/4) on the exterior 
surface (Colton and Hargrave 1937; Gladwin and Glad­
win 1930; Lindsay and Jennings 1968). The type is rep­
resented in bowls and jars whose interior surfaces are 
often smudged and slightly polished. Variations of inte­
rior surface treatment include smoothing in jars and 
raspberry slip in bowls. Overall, jars and large bowls of 
this type are similar to brown corrugated wares in all 
technological attributes but red slip. Small bowls, how­
ever, resemble the paste texture and color, vessel shape, 
and size of corrugation present in McDonald Painted 
Corrugated and Salado White-on-red Corrugated bowls. 

Plain Wares 

At Chodistaas Pueblo plain wares include mainly 
red-slipped and polished vessels. Brown, unslipped 
plain wares are rare and mostly limited to miniature 
vessels. Red plain ware jars and bowls are made of a 
coarse brown to red paste (same color range as in 
brown corrugated), generally tempered with coarse 
quartz sand, rarely with diabase. Vessel wall thickness 
varies but it is usually thinner than in brown corrugated 
vessels; walls have paddle and anvil marks. Exterior 
surfaces of jars and bowls are slipped and have polish­
ing striations. Interior surfaces are smudged, although 
variations, including smoothing in jars and red slip in 
bowls, are also present. Jars occasionally have long 
necks with small apertures and sharp-angled shoulders; 
ellipsoidal vessels also occur at the site. 

WARES AND CERAMIC TRADITIONS 

The wares I outlined above have been commonly 
associated with distinct ceramic traditions of prehistoric 

groups in the Southwest. Gray Corrugated Ware, Cibola 
White Ware and White Mountain Red Ware are recog­
nized as diagnostic of groups who inhabited eastern 
Arizona and western New Mexico to the north of the 
Mogollon Rim (Cibola White Ware Conference 1958; 
Carlson 1970, 1982; Crown 1981b; Graves 1982; 
Rugge and Doyel 1981; Sullivan and Hantman 1984). 
Roosevelt Red Ware and Salado Red Corrugated are 
thought to characterize assemblages of the loosely 
defined Salado groups who presumably inhabited east­
central and central Arizona (Doyel and Haury 1976; 
Gladwin and Gladwin 1934; Wood and McAllister 
1982). Brown Corrugated, Gray-orange Corrugated, 
Red Plain, and Painted Corrugated vessels belong to 
what are considered long-standing ceramic traditions in 
the Arizona mountains · and other areas occupied by 
Mogollon groups (Reed 1942; Haury 1945). 

That all of these ceramic traditions are represented 
in the assemblage of a small pueblo situated in an iso­
lated backwoods area raises questions as to whether 
these traditions belong to distinct groups each manufac­
turing their own characteristic ceramics and circulating 
them among other communities, including Chodistaas 
Pueblo, or each producing technologically and stylisti­
cally diverse ceramics. These questions are of crucial 
importance to Southwestern archaeologists because they 
address deeply rooted concepts of ethnic-cultural affilia­
tion of prehistoric groups that are based to a large 
extent on ceramic variation. It is most probable, how­
ever, that ceramic variability at Chodistaas Pueblo was 
generated not by a single behavior but by a combination 
of different behaviors, such as local manufacture of 
"indigenous" pottery, circulation of ceramics by dif­
ferent mechanisms, and local manufacture of "foreign" 
pottery using technological criteria learned through 
coresidence with immigrants bearing a ceramic tradition 
different from the indigenous one (Shepard 1985: 339). 

The extent to which archaeological correlates of 
distinct pottery-producing and pottery-circulating be­
haviors can be isolated in the ceramic record is partially 
a function of the actual characteristics of a particular 
assemblage, the degree of temporal and contextual con­
trols that can be achieved over the assemblage, and the 
specific methodology used for isolating the correlates. 
Although much of past behavior involved in the genera­
tion of highly varied ceramic assemblages will remain 
beyond the reach of archaeological inquiry, an attempt 
can be made to refine inferences of pottery manufac­
ture and circulation at Chodistaas Pueblo through the 
identification of local and nonlocal ceramics. 



CHAPTER FIVE 

Ceramic Design Style and Technology 
Methods of Analysis 

T he analyses of technology and design style provide 
two complementary lines of evidence for the identi­

fication of local and nonlocal ceramics, because both 
dimensions may vary independently and may be trans­
mitted at different rates and through different infor­
mation channels. Although design style information can 
be transferred from any design-bearing item to pottery 
by visual inspection, the transmission of technological 
knowledge involves a "teaching framework" (Schiffer 
and Skibo 1987: 597). Hence, the recovery of archaeo­
logical evidence of technology transfer often implies 
direct contact with the product and its producer, where­
as evidence for the transfer of stylistic information does 
not. 

The degree to which raw material selection is affect­
ed by technical and stylistic behaviors involved in pot­
tery manufacture varies from one social context to 
another (Arnold 1981; Bishop and others 1988). There­
fore, it is essential that the degree of covariation 
between technology, design style, and paste composition 
of archaeological ceramics be determined to further 
understand those behaviors. 

The following paragraphs briefly summarize current 
perspectives on the analyses of technology and design 
style of Southwestern ceramics and describe the ap­
proach taken for selecting and recording technological 
and stylistic attributes of the vessels from Chodistaas 
Pueblo. The procedure for identifying attributes diag­
nostic of ceramic manufacturing loci is then presented. 

DESIGN STYLE AND SOUTHWESTERN 
CERAMICS 

By "design styles" I refer strictly to painted patterns 
on ceramic vessels that occur repeatedly in time, space, 
or both. The analysis of design styles has a long history 
in the American Southwest. Several classic reports con­
tain detailed descriptions of design layouts. In 1929, 
Bunzel discussed the ceramic decorative style of four 
contemporary pueblos (Zuni, Hopi, Acoma, and San 
Ildefonso) in terms of layout arrangement. Amsden 
(1936) attempted to characterize the design variability 
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of Hohokam vessels, and Kidder (1936) was interested 
in the evolution of Pecos pottery designs through time. 
Similar layout analyses were completed by Morris 
(1939) on La Plata ceramics; by Beals, Brainerd, and 
Smith (1945) on pottery from northeastern Arizona; by 
Brew (1946) on material from Alkali Ridge; and by 
Smith (1971) on ceramics from the Western Mound of 
Awatovi. 

It was Amsden (1936) who first introduced the tradi­
tional "layout-and-filler" hierarchical approach for 
characterizing design configurations on Hohokam ves­
sels, and he thought that this approach could be used to 
compare ceramics from different cultures (Jernigan 
1986: 5). Colton and Hargrave (1937) elaborated on the 
notion of hierarchical levels of design, but used ele­
ments and motifs arranged in patterned ways instead of 
layout and fillers as did Amsden. Their method of char­
acterizing design styles was practical in the sense that it 
was conceived for classifying thousands of sherds where 
layout would not be observable. Colton and Hargrave 
(1937: 17) considered that design styles were important 
time correlation criteria, and that they could be used "in 
a manner similar to the use of index fossils in paleontol­
ogy." They named formal styles only after a particular 
style was observed on more than one type and claimed 
that the widespread distribution of stylistic trends in the 
Southwest was the product of "acculturation," that is, 
"the acceptance of ideas by one group of people from 
people of a different line" (Colton and Hargrave 1937: 
14). Thus, grouping types by design style could lead to 
understanding the patterns of diffusion of ideas. Formal 
styles defined by particular combinations of elements 
and motifs, such as Lino, Walnut, or Sosi, were, there­
fore, treated independently of type series. This way of 
defining formal styles became established in the South­
west, and archaeologists continue to define and use 
styles to characterize ceramic traditions, as did Carlson 
(1970) in his study of White Mountain Red Ware. 

During the 1960s, the focus on design style shifted 
from spatial-temporal frameworks to social interpreta­
tions of ceramic design variation. A number of studies 
sought to isolate spatial clusters of design attributes, at 
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the intrasettlement, intersettlement, and interregional 
levels, that could have been the result of residence 
groups, lineages, marriage networks, or clusters of 
communities cooperating in economic, social, and polit­
ical activities (Cronin 1962; Hill 1965, 1970; Kintigh 
1985; Leone 1968; Longacre 1964, 1970; S. Plog 1978, 
1980; Tuggle 1970; Washburn 1977, 1978; Zaslow 
1977; Zaslow and Dittert 1977, among others). 

Working under the assumption that the archaeologi­
cal distributions of designs directly corresponded to the 
social units who made and used decorated pots, many 
researchers (Hill 1970; Longacre 1970; Tuggle 1970) 
adopted the "design element" approach in an attempt to 
isolate the individual elements of pottery design and 
explain their spatial occurrence in terms of degree of 
interaction, or group membership. The "design ele­
ment" approach consisted of recording all the design 
elements appearing on the pottery under study, calculat­
ing the frequency of occurrence of each element in the 
pottery assemblage associated with each group or sub­
group, and comparing frequencies directly or statisti­
cally (Rice 1987: 253). This approach has been criti­
cized from a variety of perspectives, but most often for 
its lack of replicability and lack of equivalency between 
units of analysis or elements (S. Plog 1983: 129; Tug­
gle 1970; Washburn and Ahlstrom 1982; Watson 1977). 

Washburn (1977, 1978), Zaslow (1977), and Dittert 
(Zaslow and Dittert 1977) used symmetry analysis as an 
alternative to the design element approach to test the 
social interaction theory. This type of analysis was first 
advocated by Shepard (1956). It involved defining a 
basic or fundamental part of the design ( element or 
motif) that is repeated at regular intervals and recording 
the motions by which this part is repeated or the trans­
formation by which it is moved and superimposed upon 
itself around a real or imaginary point or line to form 
the design (Rice 1987: 261). The four types of sym­
metry so defined, translation, reflection, rotation, and 
slide reflection, were considered by Washburn (1978) 
universals, in that all patterns are reducible to these 
categories and thus could be replicated in any study. 

Stephen Plog (1978, 1980, 1983) and Redman(1977, 
1978) utilized a hierarchical method for analyzing 
designs. Using many ideas from Friedrich's (1970) sty­
listic analysis of Tarascan pottery, these researchers 
discriminated between primary and secondary units or 
elements: primary units occurred in isolation or in 
combination with other units, whereas secondary units 
occurred only in combination with other units (S. Plog 
1980: 49). Redman (1978) used this approach for test­
ing the social interaction hypothesis. Stephen Plog 

(1980) was concerned with the use of ceramic designs 
to signal or communicate information and to demarcate 
social distance among prehistoric groups (Braun and S. 
Plog 1982; Hantman and S. Plog 1982), and he was the 
first to test systematically the relationship between 
ceramic design variation and manufacturing loci. He 
concluded that many of the design distributions ob­
served in the archaeological record were the result of 
ceramic exchange. 

More recently, Jernigan (1982, 1986) used formal 
styles of White Mound, Kiatuthlanna, and Red Mesa 
black-on-whites to review the hierarchical approach to 
stylistic analysis. He contended that the segmentation of 
designs into hierarchical units, such as motif, element, 
and layout, presents a methodological problem in the 
American Southwest in which the need to encompass 
the observed variability causes the proliferation of 
stylistic units and complicates any analysis. Jernigan's 
alternative method involves identifying design units at 
a single level, that is, configuration or schema, and 
looking at how these units are used in a corpus of de­
signs executed in a single style. He defines schema as 
"a configuration or pattern of configurations for which 
there is evidence that the configuration or pattern was 
conceived as a distinct unit by the makers of the style" 
(Jernigan 1986: 9). A schema can be defined by the 
manner in which it is used across a number of vessels 
or design contexts. In Wasley's words (1959: 234, as 
quoted by Jernigan 1986), such a stylistic unit may be 
an element, a motif, or a combination thereof that is 
complete in itself and can be used to create a whole de­
sign by simply repeating that unit without adding any­
thing new (DeGarmo 1975 discusses a similar concept 
of stylistic units). 

Jernigan's nonhierarchical model has been criticized 
by Douglass and Lindauer (1988), in particular because 
he considers his units as "emic," or the ones that best 
reflect the original concept of the makers of the style, 
and because of the ambiguous terms in which he defines 
configurations or schemata. One problem regarding his 
ambiguity in defining configurations is that a large num­
ber of vessels of a single style is needed to provide 
unequivocal evidence for the repeated use of a config­
uration in that style. The full range of variation in the 
symmetry of a configuration, or in the relationship be­
tween configurations, cannot be observed in a single 
assemblage. However, the concept of a stylistic unit, 
configuration, or schema that is complete within itself 
may be flexible enough to allow one to extract the most 
distinctive features of a corpus of designs in a given 
assemblage by simple observation. 



Design Style Variation and the 
Circulation of Ceramics 

The methodological perspectives on the analysis and 
interpretation of design variation summarized above 
have been the subject of much criticism (Allen and 
Richardson 1971; Crown 1981a; S. Plog 1976, 1978, 
1980; Skibo, Schiffer and Kowalski 1989). Perhaps the 
most fundamental flaws of these studies were to assume 
uncritically that archaeological distributions of ceramic 
designs directly corresponded to the people or social 
units who made and used them and that styles were 
transmitted through direct learning channels. 

In the context of prehistoric Southwestern ceramics, 
there are two related processes that must be considered 
when interpreting the distribution patterns of designs: 
circulation of ceramics and transfer of stylistic infor­
mation. On the one hand, decorated ceramics were 
widely moved over long distances in different time 
periods. The movement of pots and other decorated 
items facilitated the diffusion of designs that were 
readily transferred to the local decorated wares. On the 
other hand, throughout prehistory people moved across 
the Southwest; ethnic coresidence likely fostered direct 
interaction between local and immigrant potters and 
stimulated the adoption of new criteria for decorating 
pots. These two mechanisms of ceramics circulation, 
movement of pots and movement of people, had a per­
vasive effect in the transfer of stylistic information in 
the prehistoric Southwest, obscuring the relationships 
between the distributions of design variation in pre­
history and the context of ceramic manufacture. 

From this perspective, it seems improbable that the 
actual distribution patterns of ceramic designs would 
provide significant information for making inferences 
about interaction, group membership, or social distance 
without prior indication of where the decorated pots 
were produced. Furthermore, if one considers that pot­
ters in the Southwest readily incorporated design infor­
mation from "foreign" pots and other decorated items 
into their own repertoire, then one could ask whether 
designs had indeed the functions (identity, membership, 
social distance, to name a few) that archaeologists are 
willing to assign to them. To date, for example, no one 
has demonstrated adequately that vessels with certain 
designs cluster nonrandomly within areas of a site or 
that designs on vessels within a site are more similar 
than designs on vessels at sites less than 50 km to 80 
km (30 to 50 miles) apart (S. Plog 1980: 124). 

Only recently have Southwestern archaeologists at­
tempted to determine whether the decorated ceramics 
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under study were locally made in the first place (Crown 
1994; Deutchman 1980; Douglass 1987; Neitzel and 
Bishop 1990; S. Plog 1980; Triadan 1994; Tuggle and 
others 1982; Whittlesey and others 1992; Zedefio 1992). 
Lack of information on the relationships between ce­
ramic design variation and the context of manufacture 
prevents archaeologists from using such variation to fur­
ther understand the archaeological record. One starting 
point for gaining insights to those relationships is to 
determine the extent of design variability generated by 
a single manufacturing source and the existence of co­
variation between design styles and sources. 

Most of the recent studies oriented toward the recon­
struction of exchange systems of decorated ceramics 
encompass design style distributions over broad regions. 
These studies attempt to determine whether formal de­
sign styles cluster nonrandomly as a result of ceramic 
exchange by observing the degree of covariation be­
tween styles and paste composition. Deutchman (1980) 
used this approach to investigate the exchange of Tu­
sayan White Ware bowls and jars of Sosi and Dogoszhi 
styles between several sites on Black Mesa. Douglass 
(1987), in her reconstruction of the production and dis­
tribution system of Little Colorado White Ware, used 
six design styles (Black Mesa, Sosi, Flagstaff, Walnut, 
Padre, and Leupp) to test whether the distribution of 
these styles throughout the Little Colorado River drain­
age corresponded to specific exchange spheres. Region­
al studies provide a broad perspective on the relation­
ships between ceramic design variation observed in the 
archaeological record and manufacturing loci. However, 
because of their scope, these studies are often restricted 
to the analysis of sherd samples from surface collections 
and limited excavations, where contextual and temporal 
associations may be difficult to determine. 

Assemblages such as the one recovered at Chodistaas 
Pueblo offer the opportunity to observe design variation 
from a narrower but better controlled perspective than 
do assemblages from regional studies: that is, to ob­
serve the amount of variability in a settlement occupied 
for a short period of time and to determine the extent of 
variability generated by a single manufacturing source. 
Analysis of designs on whole vessels gives a more accu­
rate idea of the range of variation in a formal style than 
does analysis of large sherd collections. Eight design 
styles (Red Mesa, Puerco, Roosevelt, Kayenta, Snow­
flake, Tularosa, Pinedale, and Cibicue) were identified 
at Chodistaas (Crown 1981a). Seven of these styles ap­
pear in Cibola White Ware vessels, for which complete 
data on chemical composition are available. Thus, it is 
possible to determine how many of these styles were 
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produced from a single compositional source and 
whether or not they can be used to discriminate between 
manufacturing sources. The one exception is the 
Kayenta-Tusayan style. This style, and its correspond­
ing type, was defined originally for Tusayan White 
Ware (Beals and others 1945), and it has no typological 
equivalent in the Cibola series. Generally, Cibola White 
Ware sherds decorated in this style are included within 
Pinedale Black-on-white. 

Analysis of Design Styles 
at Chodistaas Pueblo 

Crown (1981a) conducted a complete element-motif­
layout and symmetry analysis of decorated vessels from 
nine rooms at Chodistaas Pueblo. Her goal was not to 
test any set explanatory models of ceramic design varia­
tion, but rather to document the amount of variation as 
completely as possible and to search for patterns in that 
variability (Crown 1981a: 216). Moving from the least 
to the most comprehensive analytical units, Crown de­
fined elements, elaborations, motifs, fillers, and layouts 
and calculated the frequencies of each of these units by 
type, form, and room. Furthermore, she recorded types 
of symmetry, dimensional categories, counterchange, 
and focus of decoration and measured continuous vari­
ables such as design width, distance from the rim, and 
width of framing bands. Crown identified formal design 
styles based on available style descriptions and calcu­
lated the frequencies of each style by ceramic type and 
by room. Unfortunately, the inconclusive results of the 
petrographic analysis prevented Crown (1981a: 161) 
from testing whether the high variability present in the 
designs of Chodistaas vessels was, in part, a result of 
ceramics circulation. Thus, her conclusions regarding 
the nature of ceramic design variation at the site were 
based on the tentative assumption that the vessels were 
locally manufactured (Crown 1981a: 307). 

Now that the number of decorated vessels recovered 
from the site has increased to 113, and that information 
on paste composition (INAA) is available for most of 
them, it is possible to reevaluate the relationship be­
tween design variation and sources of manufacture. To 
complete this reevaluation, I considered known, formal 
design styles as units of analysis, which in turn were 
recorded by ware. Using ware as the discriminating cat­
egory facilitated the observation of correlations between 
styles and form, because the majority of decorated jars 
are Cibola White Ware and almost all decorated bowls 
are Roosevelt Red Ware. 

Formal design styles provide combinations of ele­
ments and motifs that have been identified previously 
and that are known to recur in time and space. In con­
trast, recording elements and motifs as independent 
units of a design may mask variation associated with 
manufacturing loci, because those units occur indepen­
dently across design styles from different archaeological 
areas. Colton and Hargrave (1937: 18) observed that 
elements and motifs were repeatedly used and recom­
bined in different prehistoric ceramic traditions through­
out the Southwest, and that potters were conservative 
when adding new motifs and patterns to their repertoire. 
Conversely, as Colton and Hargrave pointed out, the 
combining of elements, motifs, and patterns into a com­
plete design varies to a considerable degree; this varia­
tion is quite remarkable in whole vessel assemblages 
such as the one at Chodistaas Pueblo. Recording formal 
style on whole vessels, therefore, allows us to under­
stand the "grammar" of a design: as words acquire 
specific meaning only when they are integrated in a 
complete sentence, so do stylistic units express some 
cultural value when observed in relationship to one 
another and to the whole design. 

The analysis concentrated on Cibola White Ware de­
signs, because they display the highest amount of vari­
ability. General comparisons between Cibola and other 
decorated wares were also investigated. The following 
procedures were used to test the degree of covariation 
between design styles and paste composition, and the 
results of this analysis are presented in Chapter 8. 

1. The formal design style classification initiated by 
Crown (1981a) was completed with the addition of ves­
sels recovered after 1979. 

2. The formal design styles recorded were parti­
tioned according to paste composition groups. 

3. By looking at a number of vessels decorated in 
different styles, such as the Cibola black-on-white ves­
sels from Chodistaas Pueblo, I was able to identify sty­
listic units (following Wasley 1959: 234), such as inter­
locked rectangular scrolls, that crosscut formal styles 
and that were used alone or in combination with other 
units. Presence or absence of such stylistic units within 
a style and across styles, as well as the relationship be­
tween such units and the whole design (focus vs. filler) 
was recorded. Presence or absence of those stylistic 
units within a given compositional group was also re­
corded to determine whether there was a relationship 
between stylistic units and analytical sources. 



CERAMIC TECHNOLOGY IN THE 
AMERICAN SOUTHWEST 

Ceramic technology refers to the body of knowledge 
about materials and practices to manipulate them that 
prehistoric potters used to manufacture vessels with 
specific physical properties and aesthetic effects (after 
De Atley 1991). Technological practices include selec­
tion of particular raw material sources, paste prepara­
tion, and forming, finishing, and firing of vessels. Raw 
material selection and paste preparation are generally 
dependent on the availability, variability, and quality of 
raw material sources. In addition, technical choices may 
be affected by social and cultural constraints and by 
functional considerations such as the performance char­
acteristics needed for specific vessels. Thus, whereas 
raw material selection and paste preparation involve a 
potter's choice, raw material composition (chemical and 
mineralogical) is geographically and geologically deter­
mined and, thus, it constitutes a dimension of variation 
independent of ceramic technology. 

The interest in ceramic technology in the American 
Southwest is rooted in early ethnographic studies that 
sought to classify ethnic groups in evolutionary stages 
according to their technological advancements (Bernard 
and Pelto 1987; De Atley 1991). Detailed descriptions 
of the process of ceramic manufacture included Fewkes' 
(1898) account of Hopi pottery and Stevenson's (1904) 
study of Zuni pottery. Even though Holmes recognized 
the paramount importance of chronological issues at the 
turn of the century, in practice his accounts of pre­
historic Southwestern ceramics were largely geographic 
(Dunnell 1986: 162). His gross division of wares (coil­
made or corrugated, painted, plain, and white) was 
based on surface treatment and became the foundation 
of later classificatory efforts. Cushing (1886) combined 
ethnographic and linguistic accounts of ceramic manu­
facture with archaeological information in an attempt to 
understand the evolution of pottery manufacture in the 
Southwest. Although early studies were limited to ob­
servations on the different stages of the process of pot­
tery manufacture, an occasional study of a more tech­
nical nature appeared, such as Nordenskiold's (1893) 
analysis of raw materials and pottery mineralogy. 

Later ethnographic accounts of pottery manufacture, 
such as Mary Colton's (1931) and Gifford's (1928) 
descriptions of Hopi pottery, Chapman's (1936) study 
of Santo Domingo pottery, Guthe's (1925) study of San 
Ildefonso pottery, Roger's (1936) account of Yuman 
pottery, and Shepard's (1936) observations on pueblo 
pottery manufacture, were strongly oriented toward 
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tracing historical trajectories of the pottery craft in the 
Southwest. By this time, the link between ceramic tech­
nology and ethnicity suggested in earlier studies had 
been established as a primary methodological tool for 
identifying prehistoric cultures. 

Colton (1939, 1941a, 1953; Colton and Hargrave 
1937) thought that the basic techniques of pottery manu­
facture were transmitted from mother to daughter in a 
manner analogous to a "biological line" (Colton and 
Hargrave 1937: 14) and were unchanged over long per­
iods of time. Thus, technological aspects of a ceramic 
ware were important in archaeological synthesis because 
they contained information about the cultural affiliation 
of the potters. As a result, Colton focused his methodo­
logical efforts on developing practical guidelines to 
identify and describe technological variability observed 
in large sherd collections and to formalize typological 
descriptions. Most of his suggestions for recording tem­
per, hardness, texture, color, forming, surface treat­
ment, paint, and firing could be carried out directly in 
the field or with the aid of relatively simple laboratory 
equipment (Colton 1953). In addition, Colton (1939) 
performed several experiments to replicate firing tech­
niques associated with the Anasazi on the Colorado 
Plateau. 

Hawley (1929, 1930, 1938) performed several chem­
ical analyses of black paints used on white wares. She 
suggested that spatial distributions of paint types were 
"valuable to the study of culture areas and influences" 
(Hawley 1929: 732) and were useful for tracing popula­
tion movements as well (Hawley 1929: 749). She also 
conducted a chemical examination of prehistoric 
smudged wares, which were considered part of the 
Mogollon ceramic tradition. A 1932 study by Haury of 
the technology, chronology, and distribution of lead 
glaze painted pottery in the Southwest suggested con­
tacts among widespread groups in Arizona and New 
Mexico. Roberts (1937) recorded the occurrence of 
pottery manufactured with paddle-and-anvil along the 
Gila River Basin and used this information to delimit 
the boundaries of the Hohokam culture. 

Shepard's (1936, 1942, 1956) approach to the study 
of ceramic technology had a strong foundation in geol­
ogy, and, in contrast to Colton's, it required knowledge 
of specialized techniques such as petrography. Less con­
cerned with chronology building than her contempora­
ries, Shepard concentrated on the identification of 
ceramic materials and the locations of their sources and 
on indications of workmanship. Her aim was: "To trace 
the [technological] history of the potter's craft and to 
recover more accurately and in greater detail than is 
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possible by other methods the evidence which pottery 
preserves of cultural development, contacts, and 
influences" (Shepard 1936: 389). 

Accordingly, Shepard observed in great detail the 
physical and mineralogical properties of ceramic pastes, 
as well as the evidence of forming techniques, surface 
treatment, painting, and firing. Her major contributions 
to the technological study of Southwestern ceramics 
include the study of pottery from Cameron Creek Vil­
lage (in Bradfield 1931), Pecos Pueblo (Shepard 1936, 
1942), La Plata (in Morris 1939), Chaco Canyon (in 
Judd 1954), Petrified Forest National Monument (in 
Wendorf 1953), and the Western Mound of Awatovi (in 
Smith 1971). 

In spite of Shepard's valuable insights into ceramic 
technology and provenience, the majority of ceramic 
reports written during the next twenty years limited 
technological observations to general descriptions of 
wares and types (Beals and others 1945; Colton 1955; 
Dittert 1959; Haury 1940; Martin 1943; Martin and 
Rinaldo 1940, 1950; Martin and others 1949; Rinaldo 
and Bluhm 1956; Wasley 1952). Martin, Rinaldo and 
Longacre's (1961) report of archaeological investi­
gations at Mineral Creek Site and Hooper Ranch Pueblo 
constitutes perhaps one of the few exceptions, because 
it included detailed information on ceramic technology 
and provenience. 

Most efforts that included a description of ceramic 
technology were directed toward systematizing the 
Southwestern typological system of ceramic classifi­
cation (Wheat, Gifford, and Wasley 1958), as was evi­
dent in regional ceramic conferences such as those 
organized by Colton at the Museum of Northern Ari­
zona (Colton 1955, 1956) and the Cibola White Ware 
Conference (1958). These ceramic conferences empha­
sized pottery types as defined by design and technology, 
as technology was then conceived; all archaeologists 
were expected to have a general background knowledge 
in geology, and all of them carried a hand lens to 
observe ceramic paste. More recently, revisions of the 
traditional typological system have involved reevalua­
tions and syntheses of the results of descriptive studies 
generated by culture historians (Schroeder 1982) and 
refinements of regional typologies in light of new infor­
mation on ceramic provenience (Fowler 1989; Sullivan 
and Hantman 1984). 

The late 1950s approach was followed by the New 
Archaeology emphasis on functional variability. During 
the 1960s and 1970s, ceramic studies involving techno­
logical observations were oriented toward the inference 
of vessel function, and thus they emphasized vessel 

morphology, performance characteristics, and use-wear 
(Braun 1983; De Atley 1973; Ericson and De Atley 
1976; Ericson and others 1971; Matson 1965). This 
kind of research was considered important for recon­
structing room function, activity areas, and household 
organization (Ciolek-Torello 1978; DeGarmo 1975; Hill 
1968; Rohn 1971; Turner and Lofgren 1966). Vessel 
morphology and derived function appeared useful for 
assigning site function as well (F. Plog and others 1976; 
S. Plog 1980; Reid and Whittlesey 1982; Stafford and 
Rice 1980). 

Those interested in the organization of ceramic 
production explored variability in technical standardi­
zation (Feinman and others 1981; Graves 1982; Hag­
strum 1985; Hantman and others 1979). Although 
ceramic provenience was not an issue of great concern 
during this time, a few significant studies used techno­
logical attributes and sourcing techniques to address 
circulation of ceramics. For example, Warren ( 1967) 
and Windes ( 1977) conducted extensive petrographic 
analyses of ceramics from Chaco Canyon. Whittlesey 
(1974) measured proportions of decorated bowls from 
Grasshopper Pueblo and identified nestability in bowls 
that could have been manufactured for exchange. Subse­
quent studies in ceramic functional attributes (N eupert 
1994; Skibo and Schiffer 1987; Skibo, Schiffer, and 
Reid 1989; Young and Stone 1990) and technical stan­
dardization of production (Bronitsky 1986) involved 
experimental testing of performance characteristics. 

Recently, a strong emphasis on reconstructing ceram­
ic production and distribution and sociopolitical organi­
zation at the interregional level has stimulated research 
in ceramic technology, in particular the selection and 
processing of raw materials. Such studies have been 
applied to Hopi Yellow Ware (Bishop and others 1988), 
Roosevelt Red Ware (Crown 1990, 1994; Crown and 
Bishop 1987), White Mountain Red Ware (Triadan 
1994); Tusayan White Ware (Deutchman 1980; Neitzel 
and Bishop 1990), Cibola White Ware (S. Plog 1980; 
Toll and others 1980; Windes 1984; Zedefio and others 
1993), Little Colorado White Ware (Douglass 1987; S. 
Plog 1980; Zedefio and others 1993), and Hohokam 
wares (Abbot 1993; P. Fish and others 1992; Heidke 
and Stark 1994). 

Current information on ceramic provenience has 
been generated primarily in large contract projects 
throughout the Southwest. Much of the research by 
Arizona State Museum personnel involved technological 
and provenience analyses, as for example in the Dead 
Valley, Springerville area (Doyel 1980; Rugge and 
Doyel 1980) and in the St. Johns area (Crown 1981b). 



The Cholla Project included trace-element analysis by 
neutron activation of white and corrugated wares 
(Tuggle and others 1982). The Salt-Gila Aqueduct Pro­
ject (Teague and Crown 1983) conducted an extensive 
analysis of regional variation in the manufacture of 
Hohokam ceramics that involved raw material identifi­
cation (X-ray fluorescence, petrography), refiring ex­
periments, and recording of variation in form and sur­
face treatment. Archaeological research at Las Colinas 
included X-ray fluorescence and petrography of Hoho­
kam ceramics (Crown and others 1988). The San Javier 
Bridge Site project in the Tucson Basin (Ravesloot 
1987) included technological, petrographic, and neutron 
activation analyses. 

The Institute for American Research (now the Center 
for Desert Archaeology) incorporated geological recon­
naissance, X-ray fluorescence, and petrography in the 
analysis of Hohokam ceramics from Tanque Verde 
Wash (Heidke 1986a), West Branch Site (Crown and 
others 1986; Lombard 1986), and the Valencia site 
(Lombard 1985). Other aspects of ceramic technology 
such as surface treatment, paint, and morphology were 
also recorded in an attempt to refine the regional 
chronology (Heidke 1986a, 1986b) and to identify 
functional differences between pottery types (Abbott 
1988; Heidke 1986a; Wallace 1986). Investigations in 
the Dolores area, southwestern Colorado (Blinman and 
Wilson 1988; Wilson and Blinman 1988; Wilson and 
others 1988), in the Snowflake-Mesa Redonda area, 
northeastern Arizona (Neily 1988), and along the San 
Juan Basin and Transwestern (northern Arizona) pipe­
line corridors (Zedefio and others 1993) involved tech­
nological and compositional analyses of ceramics and 
clays. 

Technology Transfer and the 
Circulation of Ceramics 

Ceramic sourcing is undoubtedly the primary tech­
nique for determining ceramic manufacturing loci. 
Frequently, however, it presents problems of sample 
size, of resolution of the particular method used in 
sourcing, or of geological homogeneity in the area 
where the ceramics were presumably manufactured 
(Bishop, Rands, and Holley 1982). These limitations 
may decrease the archaeologist's ability to interpret 
compositional data in isolation from other aspects of 
ceramic variation. 

The increasingly strong reliance on mineralogical and 
chemical analyses to identify local and nonlocal ceram­
ics in the American Southwest has obscured the impor-
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tance of ceramic technology as an integrated body of 
information about the people who made the pots. Tradi­
tionally Southwestern archaeologists have recognized 
that the transfer of technological knowledge most likely 
occurred through direct contact among potters. It is 
likely that the sequence of behaviors that resulted from 
specific technical and cultural choices was not learned 
visually, but through the development of manipulative 
practice and the formation of motor habits within a 
receptive social and cultural context. Therefore, there 
are technological aspects of ceramic manufacture that 
are particular to a group of people, which, if identified 
archaeologically, serve to distinguish local and nonlocal 
ceramics. 

An example of the complex nature of technology 
transfer is the evolution of Mimbres Black-on-white 
pottery. LeBlanc (1982; Gilman in Leblanc and Whalen 
1980) evaluated technological variables involved in the 
manufacture of white wares to make a strong case 
against an Anasazi intrusion in the Mimbres area. Le­
Blanc (1982: 112) pointed out that, although it is not 
clear how Mimbres Black-on-white was produced, the 
extreme variation in firing conditions observed in this 
ware suggested that Mimbres potters never had com­
plete command of a reducing atmosphere. Rather than 
being the product of an intrusive new technology, 
Mimbres Black-on-white was a local attempt at copying 
the color scheme of the Anasazi area. One needs only 
to look at photographs of Classic Mimbres bowls to 
realize that defects due to firing accidents were 
common, not uncommon, and that those bowls did not 
"fit" the standards of Anasazi firing technology. 

In the American Southwest, frequent mobility of 
small communities may have restricted the transfer of 
technological knowledge to those potters who were able 
to maintain direct interaction on a relatively regular 
basis. Sharing of information on ceramic technology 
was probably limited to closely related communities, 
both geographically and socially. The prevalence of a 
pattern of restricted technology transfer likely had a 
major bearing in the development of localized techno­
logical traditions, even after communities became 
increasingly sedentary. For example, knowledge of 
particular clay sources for the manufacture of Jeddito 
Yellow Ware on the Hopi Mesas was apparently re­
stricted to residential groups (Bishop and others 1988: 
332). However, the rapid adoption of specific techno­
logical criteria, such as those of the widely manufac­
tured Gila Polychrome, seems to have been the direct 
result of migration and subsequent ethnic coresidence 
(Crown 1994; Reid 1989). Instances of small-scale 
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migration may also be inferred by observing techno­
logical variables. Wilson (1988) was able to detect a 
case of individual or small group migration from the 
Mogollon mountains to the Dolores area during the 
Basketmaker III to Pueblo I period. This instance was 
suggested by the presence of Mogollon smudged pottery 
associated with a small number of local smudged 
vessels. 

These examples show instances in which the wealth 
of information conveyed in ceramic technology may be 
useful to (1) isolate the behaviors involved in the 
selection and manipulation of raw materials as well as 
in the forming, finishing, and firing of vessels, (2) 
determine whether particular behavioral choices are a 
product of localized technological traditions, and (3) 
infer face-to-face interaction among peoples of different 
ethnic or cultural backgrounds. There are three distinct 
ceramic traditions represented in the Chodistaas Pueblo 
wares (Chapter 4), and through the analysis of the 
manufacturing technology associated with each tradi­
tion, it is possible to evaluate the validity of associating 
particular wares with localized ceramic traditions. 

Technological Analysis of Vessels 
from Chodistaas Pueblo 

Crown (1981a) described in detail the variation in 
manufacturing technology of whole and partial vessels 
from Chodistaas Pueblo to determine how they were 
made and where they were manufactured (Crown 
1981a: 121). She recorded construction techniques, wall 
thickness, surface treatment and finish, and compared 
their frequencies by pottery type, room, and vessel 
form. In addition, she recorded "stylistic" aspects of 
corrugated vessels (number and direction of indenta­
tions, and number and direction of corrugations), and 
compared their frequencies by pottery type. Retiring of 
sherds facilitated the identification of paints, slips, and 
clay types used in the manufacture of the vessels. Her 
analysis included vessel morphology and function. 

I reexamined both manufacturing technology and 
paste composition of the Chodistaas Pueblo vessels to 
obtain more information on production loci. The macro­
scopic attributes recorded for each vessel follow the 
standard steps of the manufacturing process: raw mate­
rial selection (paste and pigments), construction tech­
niques, surface treatment and finishing, and firing 
techniques. I was particularly interested in contrasting 
attributes commonly thought to be diagnostic of specific 
ceramic traditions against information on paste com­
position. 

Raw Materials 

Temper and pigments generally have been considered 
characteristic of localized ceramic traditions and thus 
have been used as primary criteria for defining wares 
(for example, Colton and Hargrave 1937; Hawley 1929, 
1938; S. Plog 1980; Rugge and Doyel 1980; Sullivan 
and Hantman 1984). Even though temper variation is to 
a large extent a function of resource availability, the 
consistent use of certain preparation techniques, such as 
crushing sherds as opposed to crushing rocks, or adding 
sand instead of crushing other materials, may signal the 
existence of a localized technological tradition. 

Whether temper variation reflects natural availability 
or cultural choice may only be determined through a 
careful study of temper sources in the study area. Simi­
larly, the consistent use of mineral versus organic 
pigments for painting black-on-white, black-on-red, and 
polychrome vessels indicates not only localized painting 
technologies but also firing technologies. Manganese 
paint will remain black regardless of firing atmosphere, 
but most iron paints will turn red and organic paint will 
disappear unless fired in a reducing or nonoxidizing 
atmosphere (Rice 1987; Rye 1981; Shepard 1985). 

In many cases both temper preparation and pigment 
selection may indicate only broad areas of occurrence 
of different technologies. Thus it is necessary to obtain 
finer discriminations between and within wares to be 
able to identify manufacturing sources in a region or 
adjacent regions. 

Chemical characterization of the ceramic paste and 
petrographic identification of temper constituents pro­
vide, in principle, such discriminating criteria. Chemi­
cal analysis of slips and pigments, on the other hand, 
may be deceiving, because pigments are needed in small 
quantities and thus are likely to be transported for 
longer distances than clay and temper (Arnold 1985; 
Shepard 1936, 1985). 

Preliminary observations and classification of vessels 
according to paste texture and temper type were made 
with the aid of a 1 Ox binocular microscope. The initial 
temper groups served as sampling strata for detailed 
qualitative temper analysis. Retiring of sherds from 
every broken vessel facilitated the identification of black 
paint types and also served to standardize paste color. 
Retiring was useful for separating vessels according to 
paste color; the groups defined by paste color also 
served as sampling strata for neutron activation and 
ionic extraction analyses. 

The results of these analyses are presented in the 
following chapters. 



Forming Techniques 

With the exception of a few small vessels molded 
entirely by hand, coiling was the generalized technique 
used to form vessels in the prehistoric Southwest (Col­
ton 1953: 17). Variations in the method of starting a 
vessel included the use of a round mold to cast the 
base, on which coils were attached in rings or spirals, 
and continuous coiling that began at the base (Colton 
1953; Fontana and others 1962; Gifford 1928; Guthe 
1925; Haury 1945). These variations could have been 
related to localized technologies. They are difficult to 
observe even in corrugated vessels, because of coil 
obliteration or missing base fragments. 

The direction of coiling, measured clockwise or 
counterclockwise (Crown 1981a: 144), could have been 
the product of handedness or of culturally or lingui~ti­
cally constrained motor habits (Arnold 1981; Rice 
1980), but again, it is often impossible to record due to 
obliteration of coils at the base. This attribute was 
recorded whenever possible. 

The average number of coils per four square centi­
meters is an attribute often used to separate types of 
corrugated vessels (Beals and others 1945; Gifford and 
Smith 1978). Crown (1981b) used this attribute in com­
bination with temper type and other attributes to sepa­
rate the manufacturing loci of gray corrugated and 
brown corrugated wares from the St. Johns area. Crown 
(1981a: 139) observed that in the Chodistaas Pueblo 
assemblage the number of coils were proportional to 
vessel size. However, the presence of gray indented 
corrugated vessels, which could be of an origin distinct 
from brown indented obliterated corrugated vessels, 
may also account for the variation in number of coils. 

Average wall thickness, however related to vessel 
size, was considered as a possible diagnostic attribute of 
manufacturing loci, because gray corrugated jars were 
consistently thinner than brown corrugated jars of 
similar size. 

Vessel thinning, a secondary forming technique, has 
been one of the most generalized attributes for assigning 
cultural affiliation to ceramic assemblages: paddle-and­
anvil to Hohokam and coil-and-scrape to Anasazi and 
Mogollon groups (Doyel 1978; Gladwin and Gladwin 
1934, 1935; Haury 1945; McGuire 1975; Wendorf 
1953; Wood 1980). Whittlesey (1982a: 18-20), how­
ever, noted the occurrence of both vessel thinning 
techniques within a single ware, type, or even vessel, 
and the strong association of vessel morphology and 
thinning technique. Wendorf (1953: 50) recorded 
paddle-and-anvil finished pottery (Adamana Brown) in 
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Mogollon-Anasazi sites in the Petrified Forest National 
Monument. Thus, vessel thinning technologies may not 
be as useful for identifying manufacturing loci of 
ceramics as previously thought. Nevertheless, the 
presence of paddle-and-anvil scars was recorded when 
visible on the interior or exterior surfaces. 

Surface Treatment and Finishing 

Three aspects of surface treatment and finishing· were 
recorded: slip color, smudging, and shape and average 
number of indentations per four square centimeters. The 
occurrence of "raspberry" red slip versus orange-red 
slip was observed, because the former color seems to 
have been restricted to wares in the mountains (such as 
Salado Red Corrugated and Salado White-on-red Corru­
gated) where raspberry red hematite is abund~nt, w~er~­
as the orange-red slip had a more generahzed d1stn­
bution, both across wares and geographically. 

Smudging of bowl interiors is a long-standing tech­
nology of the mountain Mogollon ceramic tradition 
(Haury 1945; Rinaldo and Bluhm 1956). It also appea~s 
in Salado Red Corrugated jars and shouldered red plam 
jars. It was necessary, then, to contrast paste _composi­
tion against the presence or absence of smudgmg to test 
whether smudged vessels were associated with a single 
manufacturing source. 

Indentations have often been considered "stylistic" 
rather than technological attributes (Brunson 1985; 
Crown 1981a, 1981b; Gifford and Smith 1978). To 
avoid the confusion of recording stylistic attdbutes on 
undecorated vessels, I included indentations in tech­
nology (surface treatment), because the Chodistaas 
vessels do not display indentations arranged in banded 
layouts such as those seen in the Point of Pines assem­
blages. Shape of indentations clearly reflects the tool 
used to indent coils on wet paste and often is consistent 
within a ware, although some variation associated with 
vessel morphology may be observed. Average number 
of indentations per four square centimeters, although 
related to number of coils and therefore with vessel 
size, is also often consistent within a ware. Both attri­
butes were recorded for all corrugated wares. 

Firing Techniques 

The development of a successful firing technology is 
the most critical aspect of ceramic technology, for it 
requires achieving optimum balance between the phys­
ical and chemical properties of the raw materials and 
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the atmosphere, temperature, and timing of the firing 
process (Rice 1987; Rye 1981; Shepard 1985). Firing 
technology implies a long process of experimentation 
until the desired finished product is obtained. Colton 
(1939) and Shepard (1985) conducted a variety of 
experiments in an attempt to replicate the reducing or 
nonoxidizing conditions in which black-on-white and 
yellow wares were presumably fired. 

Although the firing technology used for most pre­
historic Southwestern ceramics could fit into a general­
ized model of traditional preindustrial pottery manufac­
ture, certain decorated wares, such as Cibola White 
Ware, required specific technological knowledge that 
has no ethnographic analogues (Shepard 1985: 80). 
Selecting light-firing clays and fuel that burns with a 
smokeless flame was crucial for achieving flawless, uni­
formly fired, unsmudged, black-painted, white pots. 
Pottery similar to Cibola White Ware has been repro­
duced under experimental juniper fires, which required 
a careful control of atmosphere in order to avoid soot-

ing and smudging (Shepard 1985: 80). This example 
suggests that specific information on firing technology 
could not be acquired without direct interaction among 
potters, although replication of color effects or schemes, 
as in the case of Mimbres Black-on-white pottery, was 
always possible. Controlled retiring experiments were 
made using sherds from every broken vessel at Chodis­
taas Pueblo. Changes in the color of paint and paste 
cores were used as indicators of original firing con­
ditions (Shepard 1985). 

In summary, the process of manufacture of all wares 
was reconstructed in an attempt to identify attributes 
particularly useful for identifying manufacturing loci of 
each ware and to evaluate the concept of a "techno­
logical tradition." The discussion now turns to a de­
tailed description of ceramic sourcing procedures at 
Chodistaas Pueblo, including clay sourcing and several 
laboratory experiments designed to test the suitability of 
raw materials and to compare them with the prehistoric 
pottery. 



CHAPTER SIX 

Clay Survey and Compositional Analysis 
of Vessels from Chodistaas Pueblo 

Ceramic materials contain information about the 
dynamics of the ceramic-manufacturing process in 

which potters made choices both constricted and 
enhanced by the material properties, by their techno­
logical knowledge, and by the sociocultural environ­
ment. Because ceramic paste composition is not only a 
product of cultural choices but also of natural avail­
ability, compositional studies of prehistoric pottery 
become more relevant when knowledge of the geologi­
cal environment is incorporated in archaeological 
research. Assessments of availability and variability of 
potential raw material sources in a given region, 
combined with compositional analysis of samples from 
those sources, provide an ecological, mineralogical, and 
chemical perspective from which to view variability in 
ceramics. These concepts are discussed by Adan-Baye­
witz and Perlman (1985), Arnold (1981), Bishop 
(1980), Bishop, Rands, and Holley (1982), Howard 
(1982), Matson (1965), Neff (1992), Rands and Bishop 
(1980), Rice (1987), Rye (1981), and Shepard (1985). 

The procedures used in the evaluation of resource 
availability in the vicinity of Chodistaas Pueblo and the 
information obtained through these procedures are pre­
sented below, followed by a description of the methods 
of analysis of compositional variability of the ceramic 
vessels from the site. The potential and limitations of 
these methods and the assumptions that underlie them 
are discussed. 

EVALUATION OF CLAY SOURCES 

According to Bishop, Rands, and Holley (1982: 
276), identification of distinct sources of raw materials 
used in the manufacture of ceramics may be done di­
rectly, by establishing probable relationships of pottery 
to geographically localized raw materials, or indirectly, 
by demonstrating differences in ceramic pastes thought 
to be sufficient to indicate the existence of geograph­
ically isolable resources. Of the two approaches, the 
former takes the research beyond the identification of 
compositional similarities and differences in a ceramic 
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assemblage to the delineation of resource procurement 
zones (Rands and Bishop 1980: 19). Delineating re­
source procurement zones is especially critical when 
analyzing ceramic paste composition, because the raw 
materials (clay and temper) need not coincide in their 
place of procurement. 

The resource procurement zone is a catchment area 
that surrounds the settlement where the ceramics under 
study were or could have been manufactured, the area 
where prehistoric potters presumably acquired the bulk 
of their raw materials. This concept closely resembles 
Browman's (1976) "primary exploitation threshold," 
where individuals obtain their resources at minimum 
energy cost and maximum benefit. From an archaeolog­
ical perspective, however, a resource procurement zone 
is arbitrarily defined according to the settlement pattern 
of the region under study and its geologic and topo­
graphic characteristics. It may be delimited tentatively 
using both criteria and then refined and tested by com­
paring the chemical and mineralogical composition of 
potential raw materials with that of the prehistoric 
pottery. Although delimiting and testing "archaeo­
logical" resource procurement zones do not imply a 
direct relationship or "match" between ceramic pastes 
and geographically localized resources except under the 
most favorable conditions (Bishop, Rands, and Holley 
1982: 280), they do provide additional information on 
the potential and limitations of local manufacture of 
ceramics. 

In the case of Chodistaas Pueblo, where no direct 
evidence of ceramic manufacture is available from the 
site, acquiring detailed information on the availability, 
quality, and compositional variability of raw materials 
(in particular, clays) was crucial for isolating local 
wares. An area to be surveyed for clay sources was 
arbitrarily delimited using Arnold's (1985: 35-60) 
cross-cultural estimates of the primary territory of clay 
exploitation. The clay survey was conducted in three 
phases. 

During the first phase, a preliminary reconnaissance 
was made within a radius of 7 km to 10 km (about 4 to 
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6 miles) from Chodistaas Pueblo. This area included 
exposures of both Upper Supai sandstone (Cibeque 
Member) to the north and east of Chodistaas and Naco 
limestone to the west and south. This reconnaissance 
phase followed general guidelines provided by Rye 
(1981), Rice (1987), Howard (1982), and Talbot 
(1984), and it focused on clays rather than on temper, 
even though potential temper materials such as sand and 
weathered diabase were collected wherever possible for 
comparative purposes. As Rye (1981: 13) noted, com­
parison of tempering materials with local mineral 
sources may be done with relative ease by petrographic 
analysis of ceramic thin sections. The area was sur­
veyed according to natural topography, changes in 
vegetation, and presence of known prehistoric sites. 
Limitations imposed by low accessibility and poor visi­
bility of forested areas introduced a bias in the overall 
survey strategy. Because of the dense vegetation cover­
age and humus deposited on soil surfaces, the extent 
and thickness of clay deposits were difficult to assess. 
Road cuts and stream banks presented the most acces­
sible clay exposures, many of which revealed good pot­
ting properties when tested in the field (Howard 1982: 
146; Rice 1987: 319). 

Covered subsurface deposits were not tested, 
although in a few cases these deposits were located 
fortuitously. Augering is a recommended survey tech­
nique for subsurface soil sampling (Talbot 1984), but it 
is impractical on the Grasshopper Plateau because the 
soil is full of cobbles. The usefulness of sampling 
subsurface clay deposits for this particular research is 
also questionable, because traditional potters commonly 
prefer to exploit sources that are easily accessible with 
simple mining technology (Nicklin 1979). In the Ameri­
can Southwest, borrow pits probably dug to obtain clays 
were found at large pueblo sites in the Pinedale area, 
but those pits were usually shallow (Lightfoot and 
Jewett 1984: 60). 

The second phase of the survey involved recording 
information on known clay sources and sampling them. 
Even though most geologic and soil maps available for 
the region are too general to be useful for the location 
of clay beds, the geological survey of the Fort Apache 
Indian Reservation (Moore 1968: 73) mapped, sampled, 
and test-fired 19 clay sources, 13 of which have 
potting-quality clays. Unfortunately, all of these sources 
are more than 25 km (15 miles) from the Grasshopper 
Plateau. Nonetheless, this information proved valuable 
for comparison with the closer sources. Following 
Moore's (1968) survey, cretaceous clay deposits situated 
in the Forestdale Valley and in Hop Canyon, northeast 

of Grasshopper Pueblo, were sampled. Although located 
well beyond the Grasshopper Plateau, these are the 
closest known deposits of white-firing clays of ceramic 
quality, and thus they were particularly important for 
comparisons with Cibola White Ware pastes. The car­
bonaceous alluvial clay at Tundastusa Ruin in the 
Forestdale Valley and the red clayey soils of Corduroy 
Creek were also sampled. In addition, six clay deposits 
located beyond the preliminary reconnaissance area 
were also sampled during field trips to Canyon Creek, 
Pepper Canyon, and Q Ranch. This phase was useful 
for targeting clay deposits located outside the prelim­
inary survey area. Because this area was delimited arbi­
trarily, there was a possibility that it might not cover all 
sources that could have been exploited by the prehis­
toric potters. 

For the third phase, an area of 4.5 km (2.7 miles) in 
radius from Chodistaas Pueblo was intensively surveyed 
by foot to complete the survey started in the preliminary 
reconnaissance. I had noticed that, although clayey soils 
are abundant in the region, extensive beds of clean clays 
are not common in the vicinity of Chodistaas. Also, the 
majority of workable clays collected around Chodistaas 
were brown-red, whereas light colored clayey deposits 
were highly contaminated by weathered limestone sedi­
ment. A more intensive survey was necessary to double­
check the presence or absence of light-colored clays of 
potting quality. This survey extended along each of the 
seasonal streams that run north-south on the Grass­
hopper Plateau. The locations of sampled clay deposits 
on the Grasshopper Plateau and in adjacent areas are 
shown in Figure 6.1. 

In spite of the limitations mentioned above, 32 clay 
exposures were sampled (Table 6.1). The samples col­
lected vary in weight from 0. 5 kg to 1. 0 kg. Larger 
samples are useful for extensive testing, but for the 
purposes of this research, which required 300 mg of 
powdered clay for compositional analysis (INAA and 
ICP) and 100 grams for test briquettes, about 450 grams 
(1 pound) proved to be sufficient (Howard 1982). Addi­
tional samples were collected by Crown (1981a) and me 
(1988-1990 seasons) during excavations at Chodistaas 
and Grasshopper Spring pueblos. Light gray clay was 
found surrounding a hearth on the floor of Room 10 at 
Chodistaas; it appeared to have been intentionally 
deposited there, because the matrix color of the floor 
was reddish brown. A similar clay was also used to line 
a mealing bin in Room 4 at Grasshopper Spring. Red 
clay was collected from the bottom of Test pit 88-5 at 
Chodistaas; this clay underlies the ruin and is immedi­
ately atop bedrock. The clay collection was supple-



mented by 63 clay samples recovered in Room 113, a 
storage-manufacturing room at Grasshopper Pueblo 
(Triadan 1989: 79). This material provided further 
comparative criteria for the analysis and broadened the 
perspective on potential raw material sources in the 
region. 

Clay Testing 

Field tests conducted by graduate students of the 
University of Arizona Archaeological Field School and 
by me measured plasticity, drying shrinkage, and firing 
properties of the clay samples. These tests provided 
preliminary criteria to determine which clay samples 
were suitable for further tests and sourcing. A more 
detailed assessment of workability and firing perfor­
mance of the collected clays was necessary to narrow 
down the potential raw material sources and to com­
pare the color range of fired clays to that of refired 
sherds from broken vessels. Examination of the clay 
samples from the survey and from excavations at Cho­
distaas, Grasshopper Spring, and Room 113 at Grass­
hopper Pueblo showed that apparent variation in color 
was limited to four groups: brown to reddish brown, 
light red to orange, dark to medium gray, and buff to 
grayish white clays. Fifteen clay samples from these 
color groups were selected for detailed laboratory 
testing; five of them came from Room 113 (Triadan 
1989). 

Workability Tests 

Two performance characteristics of the clays were 
measured to obtain a relative estimate of workability: 
plasticity and drying shrinkage. Plasticity refers to the 
ability of a clay body, on the addition of a limited 
amount of water, to be shaped by pressure and to retain 
that form when the pressure is relaxed (Rice 1987: 58). 
Drying shrinkage, on the other hand, refers to the 
"packing" of clay particles resulting from the loss of 
water that was mechanically combined with dry clay to 
develop plasticity. When the clay is wet, a water film 
surrounds and separates each clay platelet and acts as a 
lubricant. During drying, the water film is removed and 
the clay body shrinks as the surface tension of the 
remaining water draws the particles together (Rice 
1987: 64). Test briquettes made of each of the selected 
clays were used to measure plasticity and drying shrink­
age. First, approximately 200 grams of each sample 
were ground to fine powder in a mortar. The powder 
was dried and sifted through two fine USA Standard 
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Testing Sieves (#60-250nm and #120-125nm) to re­
move coarse particles. Fifty grams of each powdered 
sample were weighed and used to perform the "water of 
plasticity" test. This test is commonly used to assess the 
percentage of water weight required to develop opti­
mum plasticity in a dry clay (Rice 1987: 63). Water 
from a graduated cylinder was added to the powdered 
clay until it could be shaped into a coil that would not 
crack. The amount of added water was recorded. More 
water was then added until the clay body became sticky 
and the amount of added water was again recorded. 
Since 1 cc of purified water at 4°C (39.2°F) is equiva­
lent to 1 gram, for 100 grams of clay the volume of 
water added equals the percentage of water of plasticity 
(%WP). Thus, the percentage of water of plasticity for 
50 grams of clay can be expressed as 2x cc, where x is 
the amount of added water. Once converted into per­
centages, the two water volumes gave the range of 
workability of each clay sample, from initial plasticity 
to stickiness. This test eliminated three samples that had 
high limestone content and were not workable. 

A second test to estimate clay plasticity was then 
performed. This test measures the difference in wet 
weight and dry weight of a clay specimen. The weight 
loss caused by the evaporation of film water is equal to 
the amount of water originally needed to develop plas­
ticity (Rice 1987: 62). The wet clay was shaped into 3-
cm by 9-cm by 0.8-cm briquettes. Each briquette was 
weighed, air-dried for 24 hours between plaster blocks, 
oven-dried for 6 hours at 105°C (221 °F), and weighed 
again. The percentage of water of plasticity was 
calculated using the formula: 

% WP = weight (wet) - weight (dry) x 100 
weight (dry) 

Overall, the results of these two tests are comparable 
(Table 6.2). Of the 15 clays initially selected, 12 are 
suitable for ceramic manufacture, because they reveal 
the wide range of workability needed for constructing 
a vessel by coiling (Nelson 1984: 322; Ries 1927: 227). 
Additionally, samples 907 and 621, both of which are 
extremely fine-textured, sticky, and very plastic, could 
have been used as slip clays (Triadan 1989: 71). The 
results of the plasticity tests, however, must be taken 
cautiously, because there is an element of individual 
judgement when deciding whether a clay has achieved 
plasticity, and, therefore, the initial measurement of 
water percentage may be biased. 

Drying performance of the samples was evaluated by 
measuring linear drying shrinkage ( % LDS) and by ob­
serving the development of cracks and deformities in 
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Figure 6.1. Location of clay samples from the Grasshopper Plateau and adjacent regions (see Table 6.1). 
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Table 6.1. Location and Description of Clay Samples (1988-1990) 

Sample Field 
Number Location Context Description Color Evaluation 

1 Grasshopper Spring Creek Stream bank Organic clay SYR 5/1 Workable 
2 Corduroy Creek Road cut Limestone-clay 10YR 7/2 Unsuitable 
3 Corduroy Creek Large rodent hole Clayey soil SYR 4/6 Workable 
4 Grasshopper Spring Creek Stream bank Weathered claystone SY 5/1 Workable 
5 Grasshopper Spring Creek Stream bank Weathered claystone 2.SYR 6/2 Workable 
6 Hop Canyon Road cut Shale 1 0YR 6/1 Workable 
7 Carrizo Road cut Limestone-clay l0YR 7/2 Unsuitable 
8 Grasshopper Spring Creek Stream bank Clayey soil below #1 2.SY 6/4 Workable 
9 Cibecue Road cut Subsurface clay bed 1 0YR 6/1 Workable 

10 Dazen Canyon Road cut Limestone-clay l0YR 7/2 Unsuitable 
11 Grasshopper Spring Creek Stream bank Mottled clay-silt 10YR 5/3 Unsuitable 
12 Canyon Creek Arroyo Stream bank Clay-silt bed 2.SYR 6/0 Unsuitable 
13 Grasshopper Butte Road cut Clayey soil SYR 4/6 Workable 
14 Grasshopper Butte Road cut Clay-silt bed SY 5/1 Unsuitable 
15 Spring Ridge Road cut Calcareous clay 10YR 7/1 Workable 
16 Canyon Butte Road cut Subsurface clay bed 2.SYR 5/2 Workable 
17 Spring Creek Stream bank Claystone SYR 5/4 Workable 
18 Grasshopper Butte Road cut Limestone-clay 10YR 7/2 Unsuitable 
19 Spring Creek Stream bank Weathered claystone SY 6/1 Workable 
20 Carrizo Creek Stream bank Clay bed 10YR 6/1 Workable 
21 Chediski Farms Road cut Weathered claystone 1 0YR 6/1 Workable 
22 Forestdale Valley Stream bank Organic clay bed 1 0YR 6/1 Workable 
23 Spring Creek Stream bank Limestone-clay SY 5/1 Unsuitable 
24 Spring Creek Stream bank Weathered claystone 2.SY 7/2 Workable 
25 Spring Creek Stream bank Subsurface clay bed 1 0YR 6/1 Workable 
26 Spring Creek Stream bank Subsurface clay bed 1 0YR 7/1 Workable 
27 Spring Creek Stream bank Subsurface clay bed 2.SYR 7/2 Workable 
28 Q Ranch Stream bank Organic clay SY 2.5/2 Workable 
29 Q Ranch Stream bank Organic clay 10YR 4/4 Workable 
30 Chodistaas, Room 10 Below mealing bin Calcareous clay SY 5/1 Workable 
31 Chodistaas, Test pit 88-5 Atop bedrock Subsurface clay bed SYR 3/4 Workable 
32 Grasshopper Spring, Room 4 Below mealing bin Calcareous clay 10YR 6/2 Pigment clay(?) 

Table 6.2. Workability Tests on Selected Clays 

Sample %WP Weight Weight %WP 
Number (Test 1) Wet (g} Dry (g) (Test 2) % LDS Comments 

621 * 35-38 44.34 33.64 31.81 5.0 Pigment clay 
802* 25-28 43.05 34.79 23.75 5.0 Good 
854* 41.26 30.53 35.16 10.0 Excellent (tempered) 
907* 29-32 44.19 34.07 29.70 7.5 Pigment clay; good 

1223* 30-32 40.25 31.19 36.89 10.0 Good 
30 31-34 44.91 34.35 30.74 6.0 Excellent 
31 32-39 43.12 31.85 35.38 2.0 Fair; a little stiff 

9 27-30 44.82 35.92 24.77 2.0 Excellent 
17 26-30 46.18 37.35 23.64 4.0 Excellent 
21 24-26 47.47 39.37 20.57 6.0 Excellent 
20 36-42 54.88 35.34 29.82 8.0 Fair; drying cracks 
16 33-37 44.89 33.38 34.45 10.0 Fair, drying cracks 

6 26-40 43.26 34.35 25.93 10.0 Excellent 
22 36-41 42.52 34.61 22.85 6.0 Very Good 

2 26-34 40.02 31.82 25.77 2.0 Coarse; drying cracks 

*Clays are from Grasshopper Pueblo, Room 113 (Triadan 1989: 61-62). 

[47] 
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Table 6.3. Color Changes in Fired Clays 

Survey Clays 
Centigrade Sample 9 Sample 17 Sample 21 Sample 20 Sample 16 Sample 6 Sample 22 

oo 1 OYR 6/1 5YR 5/4 l0YR 6/1 1 0YR 6/1 2.5YR 5/2 1 0YR 6/1 1 0YR 6/1 
500° 5YR 7/2 5YR 6/6 5YR 7/2 lOYR 7/2 SYR 6/2 l0YR 7/2 2.SYR 7/4 
550° SYR 7/3 7.5YR 8/2 10YR 7/3 
600° 
650° 2.SY 8/2 l0YR 7/3 l0YR 7/4 
700° l0YR 8/3 5YR 6/3 
750° 
800° 5YR 8/3 5YR 7/6 7.SYR 6/6 2.5YR 5/4 7.5YR 7/2 
850° 7.5YR 6.5/6 
900° 7.SYR 6/6 
950° 10YR 7/3 10YR 8/4 5YR 6/6 7.5YR 8/4 

Clays from Grasshopper Pueblo and Chodistaas Pueblo 

Sample 621 * Sample 802* Sample 854* Sample 907* Sample 1223* Sample 30 Sample 31 

oo 1 0YR 6/6 7.5YR 5/2 7.SYR 5/4 SYR 7/1 10YR 5/2 SY 5/1 5YR 3/4 
500° 2.5YR 5/6 5YR 6/4 7.5YR 5/6 10YR 7/1 7.SYR 6/4 10YR 7/2 2.5YR 4/6 
550° 
6000 SYR 5/6 10YR 8/1 
650° 5YR 6/6 7.SYR 6/6 
700° 10YR 8/3 2.5YR 4/8 
750° 
8000 

850° 2.SYR 5/8 SYR 5/8 SYR 6/8 7.SYR 8/4 
900° 2.5YR 5/8 
950° 2.5YR 5/8 10YR 8/4 

*Clays from Grasshopper Pueblo, Room 113 (Triadan 1989: 61-62). 

the briquettes during drying. This test was made on 
untempered clays, so that linear drying shrinkage would 
not be artificially reduced. A 5-cm line was marked on 
each of the wet briquettes and was remeasured after 
they were completely dry. The length difference was 
then converted into a percentage. This figure represents 
the linear drying shrinkage ( 5 cm = 100 % ) . As shown 
in Table 6.2, %LDS of the tested clays is relatively low 
(Ries 1927: 227), indicating a high range of material 
flexibility. One of the clays showed a tendency to 
develop drying cracks or deformities. 

Firing Performance Test 

A firing performance test was conducted to observe 
how well the selected clays withstood high tempera­
tures and to obtain a color range comparable to that of 
the prehistoric sherds. The test briquettes were cut into 
eleven pieces, one of which was left unfired. The 
remaining pieces were fired in a Neycraft enamel 

furnace at increments of 50°C from 500°C (932°F) to 
950°C (1742°F), piece by piece. Under the assumption 
that the maximum temperature reached in a traditional 
open fire or a shallow pit would be held only between 
5 and 20 minutes, without necessarily achieving com­
plete oxidation of a vessel (Rye 1981: 98; Shepard 
1985: 84), every piece of each briquette was exposed 
for 30 minutes to a specific temperature in order to 
avoid incomplete oxidation. After the projected furnace 
temperature was reached and held for 30 minutes, the 
pieces were left in the furnace to cool down to approx­
imately 300°C (572°F). Changes in color are recorded 
in Table 6.3. Samples containing a high percentage of 
limestone crumbled during firing. 

Refiring of Sherds 

Color variations on the surface and in the core of a 
vessel wall are caused by uncontrolled temperature and 
atmosphere conditions during the original firing process 
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Table 6.4. Refired Sherds from Chodistaas Pueblo 
Changes in Color and Hardness, Estimated Firing Temperature, and Estimated Atmosphere 

Centigrade McDonald 
(H - Mohs Painted Salado White- Pinto Black- Pinto Black- Pinto Black- Pinto Black- Pinedale Black-
Hardness) Corrug. (H) on-red (H) on-red (H) on-red (H) on-red (H) on-red (H) on-white (H) 

oo 10YR 5/4 (4) 10YR 5/4 (4) SY 4/1 (3) 7.SYR 6/4 (3) 10YR 3/1 (3) SYR 5/4 (3) 2.SYR 6/0 (5) 

500° (4) 7.SYR 4/4 (5) (3) 7.SYR 3/4 (3) 10YR 4/1 (3) (3) (5) 

550° (4) (5) (3) (3) SYR 4/6 (3) (3) (5) 

600° (5) (5) 10YR 5/1 (3) (3) 10YR 4/2 (3) (3) (5) 
650° 7.SYR 4/5 (5) 10YR 5/3 (5) (3) (4) (4) SYR 5/6 (4) (5) 
700° (5) 7.5YR 5.5/6 (5) 10YR 6/3 (4) (4) 10YR 4/3 (4) (5) (5) 
750° (5) (6) (5) (4) SYR 5/6 (5) (5) (6) 

800° (6) (6) 7.SYR 6/6 (5) SYR 6/6 (5) (5) (5) (6) 
850° 7.5YR 4/5 (6) (6) (5) SYR 5/6 (5) (5) (6) SY 8/1 (6) 
900° 5YR 5/6 (6) 5YR 5/6 (6) 5YR 5/6 (5) (6) (6) (6) 7.5YR 8/2 (6) 
950° (6) (6) (6) (6) (6) (6) 10YR 8/3 (7) 

EFT1 600-700°C 600-650°C 600-700°C 550-650°C 650-700°C 600-700°C 750-800°C 
EFA2 Incomplete ox. Incomplete ox. Incomplete ox. Incomplete ox. Incomplete ox. Incomplete ox. Nonoxidizing 

Pinedale Brown Brown Gray Gray 
Black- Indented Indented Indented Indented Red 
on-white (HJ Corrugated (H) Corrug. (H) Corrug. (H) Corrug. (H) Plain (H) Red Plain (H) 

oo 2.SY 8/0 (5) 10YR 4/1 SYR 3/1 (4) 2.5YR 3/1 (5) 10YR 4/1 (5) 10YR 4/1 (4) 7.5YR 3/0 (4) 
500° (5) (5) (5) (5) (5) (4) (4) 
550° (6) 10YR 4/2 (5) (5) (5) (5) (4) (5) 
600° (6) (5) SYR 3/2 (5) (5) (6) (5) (5) 

650° (6) 10YR 4/3 (5) SYR 4/4 (5) (5) (6) (5) (6) 
700° SY 8/1 (6) (5) (5) (5) (6) 10YR 6/4 (6) (6) 
750° (6) (5) (5) (5) (6) (6) 10YR 5/3 (6) 
800° (7) (5) (5) (6) (6) (6) (6) 
850° (7) (5) (6) 2.SYR 3/2 (6) (7) (6) 10YR 6/6 (6) 
900° 10YR 8/1 (7) (5) 5YR 4/6 (6) (6) 5YR 6/6 (7) (6) 2.SYR 5/8 (6) 
950° (7) SYR 4/4 (6) (7) 2.SYR 6/8 (6) (7) 5YR 5/8 (6) (6) 
EFT1 800-850°C 650-700°C 600-650°C 750-800°C 600-650°C 650-700°C 600-700°C 
EFA2 Nonoxidizing Incomplete ox. Incomplete ox. Incomplete ox. Incomplete ox. Incomplete ox. Incomplete ox. 

Note: Color was recorded for the darkest section of the sherd cores. 
1. EFT - Estimated firing temperature. 2. EFA - Estimated firing atmosphere. 

(Rye 1981: 98; Shepard 1985: 105). To achieve color 
ranges in sherds that are comparable to those obtained 
in fired clays, it was necessary to standardize color by 
retiring them. Twenty-five large sherds of different 
wares were selected from the Chodistaas Pueblo and 
Grasshopper Pueblo collections. Each sherd was cut 
into eleven pieces, ten of which were submitted to 
exactly the same procedure followed for the test 
briquettes. Changes in color of paste, slip, and paint 
were recorded for each piece, using a Munsell Color 
Chart. Changes in surface hardness were recorded using 
the Mohs Scale (Table 6.4). Sherd and briquette pieces 
were then arranged by temperature and color to find 
similarities between clays and retired sherds. The color 
variability observed in the fired clays covers that 
observed in the retired sherds, suggesting that most, if 
not all, of the tested clays could have been used in the 

manufacture of the wares represented in the sherd sam­
ple. Table 6.5 shows color similarities between retired 
vessel sherds and fired clays. 

This test also helped to assess the probable range of 
original firing 'temperatures (Shepard 1985: 223), to 
determine iron, manganese, and carbon in black paints 
of decorated wares (Hawley 1929; Shepard 1985: 33-
43), and to approximate, when possible, the original 
firing atmosphere (Shepard 1985: 106-107). Color 
changes can be used with caution to estimate the origi­
nal firing temperature when compared with the unfired 
piece of each sherd. The principle is that after a clay 
has been fired once, its physical and chemical transfor­
mations will be fixed at the point of maximum tempera­
ture; these properties will remain unaltered unless it is 
retired at a temperature that exceeds the original maxi­
mum temperature. Color changes in the sherd core, in 
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Table 6.5. Color Similarities Between 
Refired Sherds and Fired Clays 

Refired Sherds 

McDonald Painted Corrugated 
Salado White-on-red 
Pinto Black-on-red 
Pinto Black-on-red 
Pinto Black-on-red 
Pinto Black-on-red 
Pinedale Black-on-white 
Pinedale Black-on-white 
Brown indented corrugated 
Brown indented corrugated 
Gray indented corrugated 
Gray indented corrugated 
Red plain 
Red plain 

Note: Colors were compared at 950°C. 

Fired Clay Sample 

20 
20 
17, 802 
17, 802 
17, 802 
17, 802 
None 
907 
854, 1223 
854, 1223 
22 
None 
20 
20,802 

principle, could occur only after this temperature had 
been reached (Rice 1987: 427-428; Shepard 1985: 
223). In practice, however, ceramics that were origi­
nally fired at low temperatures may suffer color changes 
due to post-depositional processes. Changes in hardness 
are more problematic to evaluate, because hardness 
depends not only on firing temperature but on the min­
eral composition of clays, impurities, microstructural 
features, and surface treatment (Rice 1987: 357; Shep­
ard 1985: 114). In general, increase in surface hardness 
tended to correlate with increase in firing temperature, 
thus providing support for estimates of the original 
firing temperature. 

Changes in core color also provide clues to the 
approximate original firing atmosphere conditions. 
Because the atmosphere in an open fire cannot be prop­
erly controlled once the firing process has begun, it 
fluctuates throughout the different stages of this process 
and the color ranges observable in a vessel are a pro­
duct of the atmosphere conditions during the last stage 
only. Nevertheless, general tendencies may be observed 
(Rice 1987: 345; Rye 1981: 116; Shepard 1985: 106). 

Changes in the color of slips and paints added infor­
mation about firing atmosphere and basic paint constit­
uents. Black paint that turned red when retired indicated 
that the iron minerals of the paint were not oxidized 
originally. Well-finished, organic-painted ceramics were 
probably fired in a low-temperature, oxygen-deficient 
atmosphere, otherwise the paint would have burned off 
above 700°C (1292°F), as happened with many carbon­
painted sherds. Black paint that did not change in color 
when oxidized probably contained manganese as its 
main chemical constituent. 

For classificatory purposes, the retiring of sherds 
enhances greatly the visibility of paste inclusions, 
facilitating sorting and examination of temper under a 
low-power binocular microscope. After looking at the 
promising results obtained by retiring the sherd sam­
ples, I decided to retire a small sherd of every broken 
vessel of the Chodistaas assemblage. The sherds were 
retired at 950°C (1742 °F) for complete oxidation. As 
expected, this exercise eased the sorting of temper 
groups, in particular sherd temper in white ware sherds, 
and uncovered subtle but consistent differences in the 
paste color of several wares. Again, these differences 
served as sampling strata for INAA and ICP. 

To summarize, determining the range of macroscopic 
variability in both clay sources and ceramics assisted in 
evaluating the potential of the local environment for the 
development of local ceramic manufacture. In this case, 
workability and firing performance tests suggested that 
inhabitants of the Grasshopper Plateau had several 
sources of buff, brown, and red potting clays but prac­
tically no white potting clays from which to choose. 
Furthermore, comparing clay variability with that ob­
served in the prehistoric pottery provided preliminary 
criteria for establishing probable local and nonlocal 
paste groups, even within each ware, that served as 
sampling strata for compositional characterization. Simi­
larly, clays judged to be the closest to the tested wares 
were also submitted to compositional analysis in the 
hope that a direct relationship between sources and 
ceramics would be discerned. 

COMPOSITIONAL ANALYSIS 

The detailed analysis of ceramic paste composition, 
aimed at the study of ceramic provenience, requires "a 
convergence of traditional archaeological interests with 
techniques of the natural and physical sciences," note 
Bishop, Rands, and Holley (1982: 276). Formal attri­
bute analysis of ceramics must be integrated with 
mineralogical and chemical analyses of the ceramic 
paste in order to determine local and nonlocal ceramics. 

Characterization of optical mineralogy (petrography) 
and paste chemistry provide complementary information 
about the composition of ceramic pastes. Optical miner­
alogy or petrography yields information on the kind, 
size, and shape of inclusions present in the ceramic 
fabric. Often, mineral inclusions that occur consistently 
in wares can be correlated with specific geological for­
mations in the study region (Douglass 1987; Lombard 
1986; Rugge and Doyel 1980; Shepard 1936; Shepard 
in Judd 1954; Toll and others 1980; Warren 1969; 



Zedefio and others 1993). Size and shape of mineral 
grains indicate the extent of mechanical and physical 
weathering of individual inclusions and also reflect 
natural factors such as source lithology, climate, and 
depositional processes, being, therefore, possible 
diagnostics of procurement location (Bishop, Rands, and 
Holley 1982; Darvin and Timby 1982; Middleton and 
others 1985; Peacock 1970; Streeten 1982; Wandibba 
1982). Mineralogical analysis is useful for the broadest 
range of low-fired pottery and is usually considered a 
preliminary step in provenience studies, providing the 
necessary criteria to decide whether more sensitive 
methods of ceramic characterization are necessary for 
addressing a particular problem (Rice 1987: 415). 

On the other hand, paste chemistry studies identify 
and quantify elements or element compounds that con­
stitute the ceramic paste, including rare earths that 
occur in trace amounts in the clay fraction (Bishop 
1980; Bishop and Neff 1989; Bishop, Harbottle, and 
Sayre 1982; Bishop, Rands, and Holley 1982; Harbottle 
1976; Neff 1992; Perlman and Asaro 1969; Rands and 
Bishop 1980). This type of analysis provides a highly 
sensitive approach to the discrimination between local 
and nonlocal pottery by identifying the variability in 
clays used for its manufacture. It works particularly 
well when background knowledge of regional geology 
and mineralogy of the ceramics under study are at hand. 

Most methods commonly used for chemical charac­
terization are performed on bulk samples, where clay 
and temper particles are combined. In such cases, 
especially if coarse-textured ceramics are being charac­
terized, information on the mineralogical composition of 
aplastic inclusions is critical, in particular when temper 
and clay matrix are chemically heterogeneous (Neff and 
others 1988, 1989; Tani 1989). Chemical heterogeneity 
in clay beds, which is a product of both depositional 
and weathering processes, may introduce confusion 
unrelated to ceramic provenience (Tani 1989). Never­
theless, chemical analysis is a powerful alternative to 
mineralogical analysis because it enables identification 
of subtle differences between clays that may not be 
discovered otherwise. 

Chemical characterization relies on several premises 
and assumptions. First, the "provenience postulate" 
assumes that identifiable chemical differences exist 
between sources of raw material and that the analytical 
approach chosen can recognize these differences. A 
corollary assumption maintains that compositional varia­
tion within a source is usually less than the variation 
between sources (Weigand and others 1977: 24). For 
identifying local and nonlocal ceramics, it is assumed 
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that vessels manufactured from the same clay source 
will be more similar chemically to one another than to 
vessels manufactured from a different clay source. 

Second, the "criterion of abundance" is widely used 
for identifying local ceramics, and the assumption is 
that those wares or types of vessels that are present in 
significant numbers at a site are the most likely to have 
been locally manufactured (Colton and Hargrave 1937; 
Judd 1954; Kidder 1936). In provenience studies, the 
chemical "center of gravity" or statistical centroid of a 
site's ceramics is based on elemental abundances rather 
than frequency of archaeologically defined pottery cate­
gories. It represents the analytical counterpart, that is, 
the chemical fingerprint, of ceramics presumed to be 
local because of their abundance. The chemical "center 
of gravity" can be contrasted against other chemically 
defined and statistically derived compositional groups 
(Bishop, Rands, and Holley 1982: 301). 

A third assumption used in provenience studies is 
based on the "principle of least effort" (Zipf 1949): 
vessels rather than raw materials were circulated among 
prehistoric settlements (Arnold 1985; Rice 1987; Shep­
ard 1985). A compositional group is often interpreted as 
representing not just a raw material source but a ceram­
ic group from a given locus of manufacture. Knowledge 
of available raw materials in the study area should pro­
vide general baselines for comparison with the ceramics 
presumed to be of local origin and should serve to eval­
uate the probability of movement of raw materials. 

Several methods with varying degrees of precision, 
accuracy, and sensitivity available for performing both 
chemical and mineralogical analyses on ceramics have 
been reviewed in detail by many authors (for example, 
Bishop, Rands, and Holley 1982; Olin and Franklin 
1982; Rice 1987; Tite 1972). Here I only refer to those 
used in this research: instrumental neutron activation 
analysis (INAA), inductively coupled plasma emission 
(ICP) spectroscopy, and petrographic analysis. 

Instrumental Neutron 
Activation Analysis 

Instrumental Neutron Activation Analysis (INAA) 
identifies the chemical composition of clays used in the 
manufacture of ceramics. It is a powerful analytical 
approach that combines low sample-preparation time, 
sensitivity below the parts per million range for some 
elements, and automated counting and recording 
(Bishop, Rands, and Holley 1982: 292). A small sample 
( 40-100 mg) of powdered ceramic fabric is bombarded 
by neutrons that are captured by target nuclei, resulting 
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in a radioisotope for each element, each decaying with 
its own half-life and characteristic radiation. Emitted 
gamma rays are specific to an isotope and can be mea­
sured to determine the number of radionuclei in a sam­
ple (Bishop, Rands, and Holley 1982; Glascock 1992; 
Harbottle 1976). Although 75 elements can be identified 
through this procedure, most laboratories commonly 
determine only 33 of them. Data provided by INAA 
generally require statistical manipulation before they can 
be interpreted archaeologically (Bishop and Neff 1989; 
Glascock 1992). 

A sample that included 102 sherds from broken 
vessels and 16 clays was submitted to INAA. Cibola 
White Ware was assigned first priority in the analysis, 
because even though it is the most abundant decorated 
ware at Chodistaas Pueblo (51 vessels, or 15.4% of the 
total assemblage and 46.0% of the decorated assem­
blage), the ware is presumed to have been brought into 
Chodistaas from north of the Mogollon Rim. Further­
more, Cibola White Ware displays a wide range of 
variation in design styles, so it provides an excellent 
opportunity to evaluate the extent to which stylistic and 
compositional variability are positively correlated. Sam­
ples from 47 Cibola vessels from Chodistaas Pueblo, 5 
vessels from Grasshopper Pueblo, 2 vessels from Grass­
hopper Spring Pueblo, and 1 vessel from site AZ 
P:14:197 were submitted to INAA. Additionally, 50 
samples that included Roosevelt Red Ware, brown 
corrugated, gray corrugated, painted corrugated, and 
red plain sherds from broken vessels, and 16 clays, 
were selected to investigate compositional similarity 
between wares and their correspondence to local clays. 
To select these samples, a small sherd of each broken 
vessel was first retired, as explained in the previous 
section, and examined under a 40x binocular micro­
scope. Sherds from each ware were then classified 
according to variations in color and texture. The classes 
so formed were, in turn, used as sampling strata for 
INAA. Vessels that were 75 percent complete, or more, 
had selective priority. 

Sample preparation entailed a number of steps to 
avoid contamination. Edges of large sherds were 
cleaned and a powder from the sherd core was obtained 
by drilling small holes with a tungsten-carbide drill. If 
the sherd was too small, brittle, or thin for this pro­
cedure, a sherd chip of about one square centimeter was 
ground to fine powder in an agate mortar. Slip and dirt 
was removed from the surfaces and edges of the sherd 
chip with a tungsten carbide rotary file before grinding. 
Powdered paste was extracted from the bottom of whole 
vessels using a similar drill bit. Samples of about 100 

mg to 150 mg were put in sterile glass vials, oven-dried 
for 24 hours, and then weighed. 

A multielemental analysis of each sample was con­
ducted as part of a program of collaborative research 
between the Smithsonian Institution's Conservation 
Analytical Laboratory and the National Bureau of 
Standards. As described by Crown and Bishop (1987), 
the samples and accompanying standard material (NBS 
Standard Reference Material SRM 1633 [Coal Fly Ash]) 
were irradiated for six hours at a neutron flux of 7. 7 x 
1013 n/cm2/sec. Following a six-day decay, each sample 
was counted for one hour using a Ge-Li detector 
(FWHM at 1333 60co of 1.71 kev). The resulting infor­
mation was collected on an 8192-channel Nuclear Data 
ND6000 multichannel analyzer. The samples were 
allowed to decay for 30 days and then each sample was 
recounted for two hours using the same system. Subse­
quent data processing and reduction of the gamma peak 
data to elemental concentrations included corrections for 
pulse pileup and gamma peak interferences. 

SPSS and Gauss software packages were used in the 
statistical analysis of the information obtained from 
INAA. Elemental concentrations of As, Ce, Co, Cr, 
Cs, Eu, Fe, Hf, K, La, Lu, Nd, Rb, Sb, Sc, Sm, Sr, 
Ta, Tb, Th, Yb, and Zn, for which determinations with 
few or no missing values were obtained, were trans­
formed into logarithms to approximate a normal distri­
bution and to compensate for the differences in the 
magnitudes between major elements and trace elements 
or rare earths (Glascock 1992; Harbottle 1976). The log 
data were then submitted to a complete linkage hierar­
chical cluster analysis using a matrix of Mean Euclidean 
Distances as the measure of similarity (Sneath and Sokal 
1973). The resulting dendrogram gave a preliminary 
summary of grouping tendencies in the analytical data. 
Because such summaries are subject to varying degrees 
of "distortion" due to strongly correlated elemental 
pairs and to the inclination for cluster analysis to force 
data into hyperspherical groups, the largest lower level 
dendrogram groups showing the strongest tendencies for 
a single manufacturing locus were selected for more de­
tailed examination (Bishop, Harbottle, and Sayre 1982; 
Bishop, Rands, and Holley 1982; Glascock 1992). 

A principal component (PC) analysis based on a cor­
relation matrix was used to evaluate initial clustering 
tendencies; the correlation matrix was chosen over the 
variance-covariance matrix to minimize the differences 
in the magnitudes between elements such as Fe and K 
and the rare earths. Bivariate plots were graphed to 
display the PCs as well as the original concentration 
data. Initial group membership was then refined using 



a technique based on a sample's Mahalanobis distance 
from the multivariate group centroid. Because most of 
the initial groups had fewer member samples than exist­
ing variables, Mahalanobis probabilities were calculated 
for each sample using the first seven PCs calculated 
over the total data set (Glascock 1992: 17). Samples 
outside the 95 percent confidence interval of each group 
were excluded and the group properties recalculated. 
When no further samples could be removed, probabili­
ties of "outlier samples" were reevaluated as to the 
likelihood of belonging to the group (Bishop and Neff 
1989: 67-69). A sample showing equal probability of 
belonging to more than one group was treated as an 
outlier. Discriminant function analysis applied to the 
analytical data provided additional information on group 
formation and an evaluation of the discriminatory power 
of each variable (Glascock 1992; Harbottle 1976). Clay 
samples were then projected to the groups' axes to 
obtain the best relative fit of these samples into the 
already defined compositional groups. The elemental 
concentrations of each sample are in Appendix B. 

Inductively Coupled Plasma 
Emission Spectroscopy 

Inductively Coupled Plasma Emission Spectroscopy 
(ICP) was conducted to acquire additional information 
on paste chemistry of vessel samples that were not sub­
mitted to INAA. The following samples were submitted 
to ICP: (a) 48 samples from Chodistaas Pueblo vessels; 
(b) 12 clays collected during survey, (c) 9 clays from 
Room 113 at Grasshopper Pueblo, (d) 14 samples of 
Cibola White Ware vessels from Grasshopper Pueblo, 
and (e) 4 samples of Cibola White Ware vessels from 
Grasshopper Spring Pueblo. Twenty-two samples of 
Cibola White Ware vessels that had been analyzed by 
INAA as well were included in this analysis to control 
for replicability of the chemical patterns obtained by 
both methods. 

ICP analysis, carried out by the Laboratory of 
Archaeology at the University of Wisconsin, Madison, 
is a low-cost technique for the chemical characterization 
of ceramics that uses weak acid at ambient temperature 
to extract elements from the clay paste. According to 
Burton and Simon (1993: 45-48), the samples were pre­
pared by removing dirt and any surface treatments from 
a small portion of the potsherd or fired clay lump and 
grinding this portion in an agate mortar. A 100-ml 
sample of ground sherd was placed with 20 ml of 
1-molar hydrochloric acid in a polypropylene vial, 
which was shaken and allowed to remain at room tern-
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perature (26°C, 78.8°F) for two weeks. The solution 
was then analyzed by ICP. In this study, 21 elements 
were measured: Al, Ba, Ca, Ce, Cu, Cr, Fe, K, La, 
Lu, Mg, Mn, Na, P, S, Sc, Sr, Ti, V, Y, and Zn. Con­
centrations were calculated as micrograms of extractable 
ion per gram of sherd (ppm). Although the acid extrac­
tion provides precise quantitative results, it does not 
measure the same attributes that bulk methods such as 
INAA measure, and the quantitative data are not direct­
ly comparable to data obtained by bulk methods (Burton 
and Simon 1993: 48). The data are, however, compa­
rable to data sets generated by using an identical extrac­
tion method. Acid extraction renders precisions of 
approximately 5 percent of the absolute value for most 
elements. The elemental concentrations of each sample 
are included in Appendix C. 

Elemental concentrations obtained by ICP were sub­
mitted to a statistical analysis identical to that described 
for INAA. ICP produced broad groups comparable to 
those obtained by INAA, but the analysis tended to 
lump fine-grained compositional groups that had been 
isolated by INAA. For example, ICP clearly differen­
tiated between local and nonlocal Cibola White Ware 
samples, but compositional groups within nonlocal sam­
ples could not be differentiated by this technique. ICP 
is an exploratory technique useful for acquiring an ini­
tial idea of the compositional variability of a ceramic 
assemblage, but the results obtained by this method 
need to be reinforced with INAA and temper analyses. 

Temper Analysis 

Identification of mineral inclusions from thin sections 
of ceramic samples has been a standard approach to 
provenience studies in the American Southwest ever 
since Shepard (1936, 1942, 1965) made a petrographic 
analysis of the pottery from the Rio Grande Valley. 
Two basic methods for identifying and quantifying 
mineral inclusions have been used in archaeology: one 
involves estimating the density of inclusions by visual 
comparison with known or prepared standards (Matson 
1970: 595; Shepard in Judd 1954: 119; Stoltman 1989: 
148), and the second entails point counting by super­
imposing a grid, ribbon, or line over a thin section and 
counting all mineral inclusions lying beneath inter­
section points. A variant of the second method super­
imposes a perimeter of varying dimensions and all the 
particles within the perimeter are then counted. Point 
counting can be done manually (Stoltman 1989: 148) or 
with an image analyzer interfaced with a petrological 
microscope, TV monitor, microcomputer, and digitizing 
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tablet (Middleton and others 1985: 67). A qualitative 
approach was chosen to conduct the temper analysis of 
the Chodistaas Pueblo material because it is less expen­
sive, more time-efficient, and generally as informative 
as the quantitative approach. 

For this study, 255 samples of broken vessels were 
refired, examined under a 40x binocular microscope, 
and classified into three major groups according to their 
dominant mineral inclusions. Once these groups were 
formed, thin sections of vessel sherds were examined 
under a polarizing microscope to obtain a more detailed 
qualitative characterization of each group. Estimates of 
grain size, sorting, and shape were also recorded. Sam­
ples of local weathered diabase; sands from Cibecue 

Creek, Forestdale Valley, and Q Ranch; and crushed 
sherds were examined for comparative purposes. 

Extensive information on chemical and mineralogical 
variability was obtained for all wares present in the 
Chodistaas assemblage. Three analytical techniques 
were used to assess the provenience of each ware: 
INAA, ICP, and qualitative petrography. The probabili­
ty of local manufacture of each ware was evaluated with 
information acquired on the regional geology and on the 
clay survey and testing. Chapters 7 and 8 present the 
results of these analyses in combination with data on 
style and technology for each ware. References to re­
fired sherds pertain to sherds that were refired accord­
ing to the procedures described above. 



CHAPTER SEVEN 

Manufacture and Circulation of 
Corrugated and Plain Pottery 

Undecorated pottery constitutes a large portion of 
almost every prehistoric ceramic assemblage in the 

Southwest, and it is commonly assumed to have been 
made locally. Undecorated wares are often regarded as 
a "measure" of local ceramic manufacture, with which 
other wares of presumed nonlocal origin may be con­
trasted. Spatial variation in undecorated ceramics was 
traditionally thought to correlate with the cultural or 
ethnic affiliation of the potters. Undecorated or "index" 
wares (Colton 1953: 67) were used to assign archaeo­
logical sites to different prehistoric groups, and differ­
ential distribution of those wares helped delineate cul­
ture areas within the American Southwest. 

More recent research has identified a number of 
regions where undecorated wares of different ceramic 
traditions are found together in a single site. Regions 
with mixed undecorated collections are commonly 
located along the boundaries of the distributions of 
particular ceramic traditions where distribution edges 
overlap, supporting the idea that such traditions tend to 
represent different groups. It is less common, however, 
to find two or more technological traditions represented 
in a whole-vessel assemblage from a small site occupied 
less than forty years, as one finds at Chodistaas Pueblo. 
This unusual situation provides the opportunity to inves­
tigate in detail the provenience and significance of tech­
nological variability observed in undecorated ceramics. 
The technological and compositional analyses of corru­
gated and plain wares from Chodistaas Pueblo are dis­
cussed below, along with the local manufacture and 
circulation of these wares in the Grasshopper region. 

CORRUGATED WARES 

There are two major corrugated wares in the Chodis­
taas assemblage, brown and gray (gray-orange); both 
are indented and obliterated. Red-slipped or Salado Red 
Corrugated pottery is a variant of brown corrugated, 
and the morphological and technological similarities 
between them are particularly evident in large jars and 
large bowls. In contrast, gray corrugated jars have 
technological and, to a certain extent, morphological 
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characteristics that are unique to that ware, even though 
in some instances the paste color of gray corrugated is 
similar to that of brown corrugated. Painted corrugated 
pottery is the decorated counterpart of gray and brown 
corrugated (including Salado Red Corrugated), and it is 
discussed together with unpainted corrugated wares. 

The presence of gray and brown corrugated wares in 
room assemblages at Chodistaas Pueblo and Grass­
hopper Spring pueblo is but one example of the com­
plex distribution of these wares along the Mogollon 
Rim, recognized archaeologically as the boundary 
between the Anasazi-gray ware and Mogollon-brown 
ware traditions. Mixed assemblages are found in a large 
portion of east-central Arizona and west-central New 
Mexico, particularly in the area between the Upper 
Little Colorado River and the Mogollon Rim (Danson 
1957). Here, the relative percentages of gray and brown 
corrugated not only vary spatially but temporally. Gray 
corrugated percentages decrease as one moves toward 
the mountains and are higher in assemblages earlier 
than the late Pueblo II period; the opposite is charac­
teristic of brown corrugated (Beeson 1966; Crown 
1981b; Dittert and Ruppe 1951; Gratz 1980; Longacre 
1961; Martin, Rinaldo, and Longacre 1961; Rugge and 
Doyel 1980; Wendorf 1953). 

Variation in manufacturing loci of brown and gray 
corrugated pottery is evident within relatively short 
distances. Rugge and Doyel's (1980) petrographic anal­
ysis of Pueblo II period brown and gray corrugated 
wares from Springerville, east-central Arizona, indi­
cated differences in temper technology: brown corru­
gated and smudged corrugated vessels were consistently 
tempered with stream or dune sand with a high quartz 
content, and gray corrugated pottery appeared to have 
been tempered with a mixture of sand and crushed 
sherds. The variability in temper used in brown and 
gray corrugated wares also indicated that at least some 
vessels of each ware were introduced into the Springer­
ville settlements from the Plateau (Rugge and Doyel 
1980: 203). In addition to temper, these wares differed 
from one another in surface manipulation and rim form, 
corroborating the traditional assumption that they repre-
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sented different manufacturing technologies and perhaps 
even different ceramic traditions and peoples (Rugge 
and Doyel 1980: 185). 

Technological, functional, and stylistic analyses of 
Pueblo II and early Pueblo III period gray and brown 
corrugated wares from the Platt Ranch sites in the St. 
Johns area, about 60 km (37 miles) north of Springer­
ville, also indicated distinct manufacturing technolo­
gies. Petrographic analysis showed that gray corrugated 
ware was tempered with a mixture of crushed sherds 
and quartz, and that brown corrugated ware had pri­
marily quartz and chert temper, with secondary amounts 
of sherd, plagioclase, basalt, and muscovite. Here, 
however, the homogeneity exhibited in gray ware in 
contrast to the variability observed in brown ware was 
interpreted as indicating that gray ware was locally 
produced and brown ware was traded into the area, 
perhaps from several specific locations south of the 
study area (Crown 1981b: 267, 269). The analysis of 
sherds from two sites located south of the Platt Ranch 
sites suggested that brown ware tempered with chert, 
quartz, and muscovite was probably manufactured in the 
Mogollon Rim area. Additionally, gray and brown cor­
rugated vessels differed in number of coils and indenta­
tions, direction of indentations, wall thickness, surface 
manipulation, and bowl-to-jar ratios, reinforcing 
Crown's (1981b: 267, 269) conclusion that members of 
different cultural traditions who inhabited different 
regions produced the two wares. 

Local manufacture of brown corrugated ware on the 
Colorado Plateau has been recorded in Pueblo II and 
Pueblo III period sites in the Snowflake-Mesa Redonda 
area, where petrographic analysis and comparison of re­
fired sherds with local clays indicate that the majority 
of brown corrugated pottery was local to the area and 
that gray corrugated, found in small numbers, probably 
was not (Neily 1988: 162). Locally manufactured brown 
plain and corrugated wares were also identified in 
pueblo settlements of the Petrified Forest National 
Monument, where brown wares constituted a long­
standing ceramic tradition (Fowler 1989; Mera 1934; 
Reed 1980; Vint and Burton 1990; Wendorf 1953). 

South of the Mogollon Rim, the late Pueblo III and 
Pueblo IV "brown indented obliterated corrugated" 
pottery is commonly found north of the Salt River in 
Lower Cherry Creek, in the Sierra Ancha, and in the 
Grasshopper region, decreasing west of Tonto Creek 
and south of the Salt River (Wood and McAllister 1982: 
92). In sites located around Pinal Creek, DeVore Wash, 
and Pinto Creek, Tonto Corrugated, a presumably local 
variant of this type, constitutes a large percentage of the 

ceramic assemblages (Wood and McAllister 1982: 91-
92). Brown indented obliterated corrugated decreases 
dramatically east of the Grasshopper region and is 
almost absent in Cibecue Creek sites and in the Forest­
dale Valley. However, late Pueblo III period sites 
located in the eastern portion of the White Mountain 
Apache Reservation have brown ware assemblages with 
finely corrugated pottery that is rare in the Grasshopper 
region and westward (Reid and others 1993). 

Salado Red Corrugated has a distribution similar to 
brown corrugated; it is concentrated in the Sierra Ancha 
and Grasshopper regions, decreasing in abundance 
toward the south and west (Wood and McAllister 1982). 
A small amount of Salado Red Corrugated has been re­
ported from the Forestdale Valley (Stafford and Rice 
1980) and from Point of Pines (Wasley 1952). 

Ceramic assemblages in the Arizona mountains with 
gray ware components occur in Pueblo III period sites 
along Cibecue Creek and in the Forestdale Valley (AZ 
P: 16:9). Here, gray-orange indented corrugated pottery 
similar to pots at Chodistaas Pueblo constitutes over 60 
percent of the undecorated sherds from surface collec­
tions. Mixed assemblages are common in the Grasshop­
per region, where gray-orange indented corrugated 
pottery varies from less than 10 percent to over 40 
percent of undecorated surface sherds. To the west, 
however, gray corrugated vessels are virtually absent 
(Reid and others 1993). 

Painted corrugated pottery is a long-lived decorated 
ceramic tradition in the Arizona mountains. The Cho­
distaas Pueblo whole-vessel assemblage includes Mc­
Donald Painted Corrugated, Salado White-on-red Corru­
gated, and Cibicue Painted Corrugated. In distribution, 
the most eastern and northern type is McDonald Painted 
Corrugated, which was described by Haury (1931) at 
the Forestdale Valley. He observed that McDonald was 
best known from the Upper Gila and that it was com­
mon at Showlow and Pottery Hill. It is also abundant in 
the White Mountain and Upper Silver Creek areas (Col­
ton and Hargrave 1937: 62). 

A smooth variety of what is now named Cibicue 
Painted Corrugated (recorded in abbreviated form as 
Cibicue Polychrome in the Grasshopper excavations) 
was identified by Haury (1934) at Canyon Creek Ruin, 
and Mauer (1970) studied several varieties of Cibicue 
Painted Corrugated (Cibicue Polychrome), including 
indented corrugated that was found in burial offerings 
at Grasshopper Pueblo. Little is known about its distri­
bution prior to the A.D. 1300s. The westernmost painted 
corrugated type, Salado White-on-red Corrugated, is 
common from Grasshopper to the Tonto-Roosevelt area 



in central Arizona. Painted corrugated paste colors, 
brown and gray, mirror the distribution of their un­
decorated counterparts. 

The cases mentioned above indicate that variation in 
the distribution of corrugated wares occurs not only 
between the plateau and the mountains, but within each 
geographic area as well. This variability, and the pres­
ence of mixed undecorated assemblages, could have 
been caused by a number of mechanisms. If differential 
distribution of each ware indeed represents a distinct 
ceramic tradition, and perhaps a distinct group of peo­
ple, then mixed assemblages are indicating movement 
of pots, movement of people, or both. Ethnic coresi­
dence within a particular region also could have pro­
duced side-by-side differential distributions of both 
wares and mixed assemblages. 

Alternatively, these distribution patterns could be 
associated with the availability of certain kinds of clay 
and temper, which would have restricted local manufac­
ture to either brown or gray ware, as in the case of the 
"Anasazi Brown Ware Tradition" mentioned above. 
Sherd-tempered corrugated wares are an exception, be­
cause sherd temper is characteristic of pottery manufac­
tured in the Colorado Plateau area. For these reasons, 
it is important to consider not only paste color and 
temper, but also other technological and morphological 
attributes that could indicate production of brown and 
gray wares under different manufacturing criteria. In 
the Chodistaas Pueblo case, technological analysis of 
corrugated wares was useful for identifying two manu­
facturing technologies in the assemblage, and composi­
tional analysis provided the necessary information to 
infer the manufacturing loci of both corrugated wares. 

Technological Analysis 

The original classification of the Chodistaas Pueblo 
floor assemblage by Crown (1981a: 71-73) grouped 
most of the corrugated pots into the descriptive category 
"brown indented obliterated corrugated." Examination 
of corrugated pots recovered after 1979, however, led 
to a reevaluation of the variability present in the un­
decorated assemblage. The partition of Chodistaas cor­
rugated vessels into gray-orange corrugated and brown­
red corrugated involved sorting by visual inspection, 
retiring of sherds from every broken vessel, and evalu­
ating statistically the technological attributes thought to 
be diagnostic of each ware. Samples for compositional 
analysis were chosen only after both wares had been 
clearly defined and their differences tested experi­
mentally and statistically. 
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Sorting 

The preliminary identification of brown and gray 
corrugated vessels involved observations of paste color 
and texture. Even though in many cases paste color was 
deceiving because of variation in original firing atmo­
sphere, texture differences were relatively simple to 
identify: brown corrugated ware (slipped and unslipped) 
had poorly sorted coarse to medium heterogeneous in­
clusions that often included muscovite, whereas gray 
corrugated ware had large amounts of quartz inclusions 
that gave the paste a sandy, sugarlike texture. A wide 
range of variation in texture was observed within each 
of the wares. Using these sorting criteria made it pos­
sible to initially classify 135 corrugated vessels (81. 8 
percent of the total unpainted corrugated assemblage of 
165 vessels); 50 pots were gray corrugated and 85 pots 
were brown corrugated. The 30 remaining vessels were 
classified as indeterminate paste color and then sub­
mitted to more detailed testing. In addition, 17 of the 20 
painted corrugated vessels were classified according to 
paste color and texture: 8 pots were identified as 
"brown" and 9 pots as "gray." 

Refiring Experiments 

A small sherd of every broken vessel was retired in 
an oxidizing atmosphere in order to standardize paste 
color. I expected to find clear differences in paste color 
among brown, red-slipped, and gray corrugated wares, 
both painted and unpainted, and to be able to determine 
the range of variation in paste color within each ware. 
Paste groups so defined, in turn, could be useful as 
sampling strata for chemical analysis. I refired 157 
sherds at 950°C (1742°F) in an oxidizing atmosphere 
and then examined them under a 40x binocular micro­
scope to classify them by texture. 

Retiring revealed a continuous range of paste color, 
from dark red to light orange, with the darker hues 
generally associated with the brown paste. A limited 
degree of overlap in color was observed, but clear tex­
ture differences helped separate both brown and gray 
paste categories: 143 corrugated vessels were classified 
as brown corrugated (93 pots, including 12 Salado Red 
Corrugated and 4 painted corrugated) and gray corru­
gated (50 pots, including 5 painted corrugated). Left 
unclassified were 32 vessels, 16 of which are whole and 
could not be refired. Both gray and brown paste cate­
gories were subdivided into color and texture groups 
(Table 7 .1) that were evaluated further by microscopic 
analysis. 
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Table 7.1. Texture and Color Groups of 
Sherds after Refiring Experiment 

(n = 143) 

Brown Gray 
Texture n Paste color n Paste color 

Coarse 25 2.5YR 3/6 Dark red 28 5YR 6/8 Reddish 
yellow 

Medium 51 2.5YR 4/6, 4/8 Red 11 2.5YR 5/8 Red 
Fine 17 2.5YR 5/6 Red 11 2.5YR 5/8 Red 

Statistical Analysis 

A statistical analysis was conducted to determine if 
attributes other than paste color and texture were un­
equivocally correlated to brown and gray corrugated 
categories. Following the methodology for sorting cor­
rugated pottery used by Crown (1981a, 1981b) and by 
Gifford and Smith (1978) and my own observations, 
five attributes were recorded for each category: number 
of corrugations, number of indentations, shape of inden­
~tions, neck length, and wall thickness. Visual inspec­
tion of surface treatment on large jars revealed that 
brown corrugated vessels typically exhibit greater oblit­
eration of coils and indentations than gray corrugated 
vessels. In addition, the shape of indentations is dif­
ferent in each ware. Four indentation shape categories 
were observed: triangular, narrow elongated, broad 
elongated, and square. Triangular indentations are char­
acteristic of gray corrugated, whereas the remaining 
three categories are almost exclusively associated with 
brown corrugated (Table 7.2). 

During preliminary sorting it was observed that large 
brown corrugated jars tended to have thicker walls and 
l~nger necks than gray corrugated jars of comparable 
size. Measurements of average wall thickness and neck 
length were taken for further testing. 

The average number of coils and indentations per 4 
square centimeters was counted for every corrugated 

Table 7.2. Shape and Obliteration of Indentations 
on Brown Corrugated and Gray Corrugated Jars 

Shape ______ B_i-_own Corrugated Gray Corrugated Total 

Triangular 
Narrow elongated 
Broad elongated 
Square 
Highly obliterated 

Total 

6 
13 
21 

6 
7 

53 

32 38 
2 15 

22 
7 
7 

36 89 

vessel. Brown corrugated jars have wider, fewer coils 
and indentations than gray corrugated jars. Large Salado 
Red Corrugated bowls (with a rim diameter larger than 
35 cm) and jars are almost identical to brown corru­
gated vessels, but small corrugated bowls show more 
variation in both size and shape of corrugations and 
indentations. 
. In her analysis of variability in number of corruga­

tions, number of indentations, and wall thickness, 
Crown (1981a: 133-146) suggested that some correla­
tion existed between these attributes and vessel size 
form, and type for the Chodistaas Pueblo assemblage'. 
A larger sample of vessels was needed to reevaluate this 
observation, in particular because Crown ( 1981 b) later 
demonstrated that these attributes were useful for iso­
lating distinct manufacturing technologies in mixed 
undecorated assemblages. 

To investigate if the number of corrugations, the 
number of indentations, neck length, and wall thickness 
were significantly different for each ware, I first had to 
test whether these attributes were correlated with vessel 
fori:11 and size. To do so, I chose all the corrugated jars 
(pamted and unpainted) included in the brown and gray 
paste categories after the retiring experiments and used 
maximum diameter as an approximation of vessel size 
because this measurement is available for most jars'. 
Small (less than 20 cm maximum diameter), medium 
(20 to 29 cm maximum diameter), and large (more than 
30 cm maximum diameter) jars were equally repre­
sented in both paste categories, and 75 brown paste jars 
and 43 gray paste jars were included in the tests. Corru­
gated bowls were not used for statistical testing because 
they constituted only 14.05 percent (32 of 182) of all 
the corrugated wares, and only 10 brown paste bowls 
had the necessary measurements. 

Correlation Tests 

The Pearson Correlation Coefficient between maxi­
mum diameter and each quantitative attribute was calcu­
lated using the SPSS-X Statistical Program to eliminate 
the possibility that observed differences between paste 
color categories were strongly correlated with vessel 
size. The coefficients and one-tailed significance levels, 
summarized in Table 7.3, indicate very low, even nega­
tive correlations between vessel size and number of 
corrugations and indentations for both wares. The 
correlation coefficient for number of corrugations on 
gray corrugated jars is particularly interesting, because 
it suggests that these jars were consistently built with 
thin coils regardless of size. Similarly, neck length, 



Table 7.3. Pearson Correlation Coefficient Calculated 
for Brown Corrugated and Gray Corrugated Pottery 

Pearson Coefficient 1-Tailed 
Variables Maximum Diameter Significance 

-----------

Brown Corrugated (n = 75) 
Maximum diameter 1.0000 
Wall thickness 0.4828 p< .001 
Neck length -0.4411 p<.001 
Number of indentations -0.3019 p<.01 
Number of corrugations 0.2238 p<.01 

Cray Corrugated (n = 43) 
Maximum diameter 1.0000 
Wall thickness 0.4206 p<.01 
Neck length -0.1098 p<.01 
Number of indentations -0.3225 p<.01 
Number of corrugations -0.0688 p<.01 

which is consistently shorter for gray corrugated jars, 
appears to be independent of size. Brown ware, on the 
other hand, has a more ambiguous correlation coeffi­
cient for neck length than gray ware. The highest cor­
relation coefficients are for average wall thickness in 
both wares. However, the test suggests that there is 
moderate to negative correlation between jar size and 
the four tested attributes and, therefore, these attributes 
may be used to assess differences between both manu­
facturing technologies independently from size. 

Descriptive Statistics and Comparison of Means 

The mean, standard deviation, kurtosis, and skew­
ness of number of corrugations, number of indentations, 
neck length, and wall thickness were calculated for each 
paste color category using the SPSS-X Statistical Pro­
gram. The Student T-test was used to compare the 
means of each attribute and determine whether attribute 
differences between the paste color categories were sta­
tistically significant. The results of this test, summa­
rized in Table 7.4, indicate that the means of the num-

Table 7.4. Student T-Tests: Brown Corrugated (n = 75) 
versus Gray Corrugated (n = 43) 

Degrees 
F 2-Tail of 2-Tail 

Variables Value P> F Value Freedom P>t 

Neck length 1.05 .833 2.53 116 .014 
Wall thickness 1.16 .601 1.78 116 .078 
Number of corrugations 1.28 .347 3.16 116 .003 
Number of indentations 1.78 .031 2.99 116 .003* 

*Separate variance estimate 
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her of corrugations, number of indentations, and neck 
length are significantly different for each category, 
suggesting that these attributes may indeed be diagnostic 
of different manufacturing technologies (Fig. 7 .1). 

Frequencies and histograms were also obtained to 
check for the presence and absence of normal distribu­
tions. Overall, descriptive statistics confirm preliminary 
observations on the distinctive characteristics of brown 
and gray corrugated pottery. By looking at the mean 
values and relative frequency of number of corrugations 
(Fig. 7 .2), it became evident that brown corrugated jars 
were manufactured with thicker, fewer coils than gray 
corrugated jars. In addition, they exhibit narrow varia­
tion in the number of corrugations: 73 percent of the 
measured jars have 3 to 4 corrugations per 4 square 
centimeters, which contrasts with gray corrugated jars 
with 80 percent of the measurements from 4 to 6 corru­
gations per 4 square centimeters. Mean values and rela­
tive frequency of number of indentations per 4 square 
centimeters (Fig. 7 .3) parallel those of number of corru­
gations, underscoring the direct proportionality that 
exists between the two attributes, but reinforcing the 
differences between brown and gray corrugated. 

The mean value and relative frequency of neck 
length measurements (Fig. 7.4), on the other hand, 
show that gray corrugated jars have consistently smaller 
necks whose dimensions vary within a much narrower 
range than those of brown corrugated jars; 90 percent 
of the gray jars vary between 11 mm and 30 mm, 
whereas only 60 percent of the brown jars are within 
this range. Wall thickness is the only attribute that 
seems to be a weak measure of difference between the 
two wares. Both categories have similar mean and stan­
dard deviation values (Fig. 7. 5). Relative frequency of 
wall thickness measurements indicate that almost one­
half ( 45 % ) of the gray corrugated vessels are 6 mm 
thick and roughly one-half (58 % ) of the brown corru­
gated vessels are 6 mm to 7 mm thick; brown vessels 
also have a wider range of variation in thickness. 

To summarize, technological analysis of corrugated 
pottery, which involved sorting, retiring, and statistical 
testing, indicates that the differences between brown 
corrugated ware and gray corrugated ware are not lim­
ited to paste color and texture. They extend to vessel 
construction and surface treatment, as measured in neck 
length, number of corrugations, and number and shape 
of indentations, and they should be considered as two 
separate wares rather than variations within a single 
ware. The analysis also suggests the possibility that 
there are two distinctive manufacturing technologies 
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Figure 7 .1. Bivariate representation of the relationship 
between number of corrugations and neck length for 
brown corrugated and gray corrugated jars. 

represented in the corrugated whole-vessel assemblage 
at Chodistaas Pueblo: brown corrugated and gray corru­
gated. This pattern of variability is also present in room 
assemblages of the contemporaneous, neighboring pueb­
lo of Grasshopper Spring, where six of eight excavated 
rooms have both wares represented in the floor assem-

blages. The observed technological differences between 
brown and gray corrugated wares, however, do not tell 
us whether they were locally made or imported into the 
Grasshopper region. Compositional analysis provided 
the information necessary for inferring the probable 
manufacturing loci of these wares. 
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Figure 7.3. Number of indentations per 4 square centi­
meters on brown corrugated and gray corrugated jars. 
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Figure 7 .6. INAA: Bivariate representation of corrugated ware clusters. 

Compositional Analysis 

Detailed information on paste composition of corru­
gated wares was crucial for determining whether both 
brown and gray corrugated wares were manufactured on 
the Grasshopper Plateau or were acquired elsewhere. 
The analysis involved chemical characterization of paste 
by INAA and ICP and microscopic characterization of 
mineral inclusions. Although the sample of vessel 
sherds submitted to both chemical analyses was small, 
it provided insights about the compositional differences 
between gray and brown corrugated wares. Qualitative 
analysis of temper inclusions in refired sherds from 
every broken vessel not only reinforced the results of 

[62] 

chemical characterization but was critical for inter­
preting chemical patterns and for pinpointing possible 
temper sources for each corrugated ware. 

Instrumental Neutron Activation 
Analysis (INAA) 

A sample of 24 corrugated sherds from room vessels 
(14 brown, 4 gray, 3 Salado Red Corrugated, and 3 
painted) was selected from the color and texture sub­
groups of brown and gray pastes defined after refiring 
and submitted to INAA. Information on 16 clays was 
added to this sample for comparative purposes. Elemen­
tal concentrations of La, Yb, Eu, Sc, As, Lu, Ce, Fe, 
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Figure 7. 7. INAA: Corrugated wares and local Cibola White 
Ware clusters and clays, as defined by principal components. 

Ta, Nd, Co, Hf, Sm, Cr, Th, K, Na, Zn, and Cs, for 
which no missing values were found, were converted to 
logarithmic values and then submitted to a complete 
linkage hierarchical cluster analysis to observe prelimi­
nary group tendencies. A bivariate plot of iron (log Fe) 
and ytterbium (log Yb) illustrates preliminary grouping 
tendencies (Fig. 7 .6). 

To refine group tendencies, the data were submitted 
to a Principal Component analysis. Samples from three 
archaeological clays (numbers 854, 802, 1223) and two 
survey clays (Tp-5 and 91-9) were included. Mahal­
anobis distances calculated for these clay samples 

relative to either cluster indicate that: (a) the clay 
samples have at least a 79 percent probability of fitting 
into Cluster 2, and (b) clay 854 has a 31.5 percent 
probability of fitting in Cluster 1 and a 62.3 percent 
probability of belonging in Cluster 2 (Fig. 7. 7). I refer 
to these as "clusters" rather than "compositional 
groups" because the small sample size precludes further 
statistical evaluation of group formation. 

Cluster 1 includes ten brown corrugated and two 
Salado Red Corrugated. The samples in Cluster 2 are 
more dispersed than in Cluster 1, and Cluster 2 includes 
all other samples with lower elemental concentrations 
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Figure 7.8. ICP: Bivariate representation of corrugated ware clusters and local white wares. 

than the former one, including four Cibola White Ware 
samples with brown paste (Chapter 8). This cluster 
hints at the existence of broader compositional vari­
ability among corrugated types than is represented in 
such a small sample. 

Inductively Coupled Plasma 
Emission Spectroscopy (ICP) 

Twenty-seven samples from corrugated vessels at 
Chodistaas Pueblo were submitted to ICP (10 gray, 10 
brown, 2 Salado Red Corrugated, and 5 painted corru­
gated). In addition, twelve samples from survey clays 
and nine samples of clays from Room 113 in Grass­
hopper Pueblo (Triadan 1989) were also analyzed. A 
bivariate graph representing elemental concentrations 
(log) of titanium (Ti) and calcium (Ca) illustrates the 
differences in chemical paste composition between 
brown and gray paste categories (Fig. 7.8), and their 
compositional relationship with brown paste Cibola 
White Ware samples from Chodistaas and Grasshopper 
pueblos (see Chapter 8). 

A Principal Component analysis that included log 
concentrations of Al, Ba, Ca, Cr, Cu, Fe, K, La, Mg, 

Mn, Na, P, Sr, Ti, and Zn reinforced this pattern. In 
Figure 7. 9, Cluster 1 includes brown paste sherds 
(brown corrugated and Salado Red Corrugated) and one 
gray paste sherd that group tightly around a sample of 
tempered clay ( 1906) from Room 113 in Grasshopper 
Pueblo. In contrast, sherds of gray corrugated and 
painted corrugated in Cluster 2 appear more widespread 
in the bivariate plots, indicating greater heterogeneity in 
raw material used in the manufacture of these vessels 
than of Cluster 1 vessels. 

Mahalanobis distances calculated for two survey clay 
samples (GSl and Tp-5) indicate that they have over a 
75 percent probability of belonging in Cluster 2. A 
much larger number of samples is needed to determine 
more accurately how many raw material sources are 
represented in the gray corrugated vessels from Chodis­
taas Pueblo. One gray sherd clustered with the brown 
paste samples. This could have been caused by an erro­
neous sorting of the vessels or it could be due to more 
significant patterns in its manufacture. 

As illustrated in the figures presented above, INAA 
and ICP yielded highly comparable grouping tendencies, 
regardless of different extraction methods. Only three 
samples overlapped across both analytical techniques 
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Figure 7.9. ICP: Corrugated ware clusters and local clays, as defined by principal components. 

and they were classified in similar ways; two brown 
corrugated fit in Cluster 1 in both ICP and INAA, and 
one painted corrugated fit in Cluster 2. This compar­
ability is particularly important for Cluster 1 vessels, 
because the clay sample (1906) that "matches" this 
cluster was only analyzed through ICP. 

Petrographic Analysis 

Qualitative characterization of mineral inclusions was 
recorded for 151 refired sherds from corrugated vessels. 
The analysis included microscopic examination of sam­
ples from two quartz sand sources collected in the 
Forestdale Valley and in Cibecue Creek, and from three 
sources of weathered diabase and diabase sands col-

lected in Canyon Creek and Q Ranch. Crushed sherds 
were also examined for comparison with sherd-tem­
pered vessels. 

Temper Types 

Two major temper types were identified petrograph­
ically, each showing gradual variation in particle size 
and in presence or absence of quartz sand particles. 
Type 1 includes brown paste vessels tempered with dia­
base minerals and has three variants: la is coarse­
grained diabase (more than 95 % of the inclusions), lb 
is medium to fine-grained diabase (more than 95 % of 
the inclusions), and le is diabase plus quartz. The first 
two variants are almost identical to the diabase samples 
collected from weathering outcrops in Canyon Creek 



66 Chapter 7 

Table 7.5. Temper Type 1 by Pottery Ware and Type 

Type 1 a Type 1 b Type 1 c 
Coarse Medium Diabase+ 

Pottery Diabase Diabase Quartz Total 

Brown corrugated 21 37 19 77 
Gray corrugated 9 9 
Unclassified corrugated 1 
Salado Red Corrugated 12 13 
Salado White-on-red 

Corrugated 4 3 7 
Cibicue Painted 

Corrugated 
McDonald Painted 

Corrugated 

Total 37 38 34 109 

and Q Ranch, which are distinctive because of the pres­
ence of small amounts of muscovite; diabase deposits 
are extensive from the Canyon Creek escarpment west­
ward. The third variant is similar to the fine diabase 
sand collected from the banks of Q Ranch Creek. The 
presence of water-worn quartz grains in this variant 
indicates that the parent materials were transported 
rather than weathered in situ as in types la and lb. 
Diabase-quartz sand, therefore, must have come from 
farther south or west, where the drainages form soft 
sand banks. Table 7 .5 summarizes the distribution of 
brown paste corrugated vessels by Temper Type 1 vari­
ants. One vessel formerly left unclassified and nine 
vessels classified as "gray corrugated" are actually 
tempered with diabase-quartz sand. 

Temper Type 2 includes gray paste corrugated ves­
sels tempered with quartz sand and also has three vari­
ants: 2a consists of well-sorted, rounded, water-worn 
quartz sand (more than 95 % quartz), 2b has quartz and 
small amounts of plagioclase, and 2c has mainly quartz 
and small amounts of pyroxene. Variant 2b is similar to 
the sand sample collected from a bank in Cibecue 
Creek, which is the closest known source of sands. 
There are no sand deposits on the Grasshopper Plateau; 
Salt River Draw and Spring Creek cut through clayey 
loam soils and weathered limestone into bedrock. The 
sources of Type 2, therefore, may have been located to 
the east, around Cibecue Creek or farther south, be­
cause the amounts of quartz relative to other mineral 
inclusions increase as one approaches the lower reaches 
of a drainage. Table 7. 6 summarizes the distribution of 
gray paste corrugated vessels among Temper Type 2 
variants. One Salado Red Corrugated and one gray cor­
rugated have sherd temper. 

Table 7.6. Temper Types 2 and 3 by Pottery Ware and Type 

Type 2a Type 2b Type 2c Type 3 
Quartz + Quartz + Ground 

Pottery Quartz Plagioclase Pyroxene Sherds Total 

Gray corrugated 19 11 3 34 
Salado Red 

Corrugated 
Cibicue Painted 

Corrugated 
McDonald 

Painted 
Corrugated 3 2 5 

Gray painted 
corrugated 

Total 23 13 4 2 42 

Chemical and Petrographic Variability 

Comparison between clusters (INAA and ICP) and 
temper types indicates a strong correlation between clay 
and temper used for the manufacture of gray and brown 
corrugated wares. As indicated in Table 7. 7, all the 
brown paste vessels in Cluster 1 have diabase-derived 
temper materials (Type 1). Clay 1906, which belongs in 
Cluster 1, is also tempered with fine weathered diabase 
(Temper Type lb), and the single gray corrugated sam­
ple is tempered with diabase sand. Conversely, 12 gray 
paste samples in Cluster 2 are tempered with quartz 
sands (Type 2). 

A comparison of INAA clusters and temper types 
supports these observations: all the samples from 
Cluster 1 are tempered with diabase-derived materials. 
In contrast, Cluster 2 includes more temper variation: 
two samples have quartz sand temper, seven samples 
have diabase-derived temper, and two (outliers), includ­
ing one Salado Red Corrugated and one gray corru­
gated, have sherd temper (Table 7.8). 

Table 7.7. Temper Types by ICP Clusters 

Pottery Temper Type 1 Temper Type 2 Total 

Cluster 1 
Brown corrugated 10 10 
Gray corrugated 1 1 
Salado Red Corrugated 3 3 

Cluster 2 
Gray corrugated 9 9 
Painted Corrugated 2 3 5 

Total 16 12 28 



Table 7.8. Temper Types by INAA Clusters 

Temper Temper Temper 
Pottery Type 1 Type 2 Type 3 Total 

Cluster 1 
Brown corrugated 11 11 
Salado Red 

Corrugated 2 2 

Cluster 2 
Brown corrugated 3 3 
Gray corrugated 1 2 3 
Painted corrugated 3 3 

Outliers 
Gray corrugated 
Salado Red 

Corrugated 

Total 20 2 2 24 

Brown versus Gray Corrugated Wares 

The results of these analyses indicate differential 
selection of raw materials for the manufacture of brown 
and gray corrugated vessels. The probable sources of 
clays used for making brown and gray corrugated pot­
tery and the presence of diabase-derived temper in 
brown corrugated and of quartz sand in gray corrugated 
suggest that both wares may have been manufactured 
within a radius of 10 km (about 6 miles) from Chodis­
taas Pueblo. The closest known diabase sources are 
located in the Canyon Creek drainage at Oak Creek 
Ranch, about 3 km (1.8 mile, straight line) west of 
Chodistaas, and the closest known quartz sand deposits 
are along Cibecue Creek, approximately 9 km (5.6 
miles, straight line) from the site. Archaeological 
recovery of diabase-tempered clays that match the 
chemical composition of brown corrugated pottery ( clay 
1906) and gray corrugated pottery (clays 802, 854) 
further supports the manufacturing of these wares 
locally as well as regionally and suggests continuity in 
resource exploitation throughout the occupation of Cho­
distaas and Grasshopper pueblos. These findings are 
reinforced by the identification of at least three highly 
probable clay source locations (GSl, Tp-5, and 91-9) 
in the region. 

Chodistaas is one of the westernmost late Pueblo III 
period sites on the Grasshopper Plateau; only a small 
cluster of approximately contemporaneous sites has been 
located immediately north of Oak Creek Ranch and 
west of Chodistaas. It is possible that diabase deposits 
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were located within the "primary exploitation thresh­
old" (Browman 1976) or territory where potters could 
obtain their resources at minimum energy cost and max­
imum benefit. Furthermore, iron pigments that produce 
a raspberry red slip are available locally. One can infer, 
therefore, that the manufacturing loci of brown corru­
gated, Salado Red Corrugated, and at least one-half of 
the painted corrugated vessels (seven of eleven Salado 
White-on-red Corrugated, one Cibicue Painted Corru­
gated, and one McDonald Painted Corrugated) were 
within the Grasshopper Plateau. Chemical differences 
between painted and unpainted brown corrugated sam­
ples may be signaling differential selection of clays, but 
the sample analyzed is too small to identify any signifi­
cant pattern. On the other hand, the homogeneity of 
temper type in brown unpainted, slipped, and painted 
corrugated clearly indicates that these vessels were 
manufactured under similar technological criteria. 

Gray corrugated ware presents a different situation. 
Quartz sand sediments similar to the temper used in the 
manufacture of gray corrugated vessels are present in 
Cibecue Creek. These deposits are located close to the 
"primary exploitation threshold" of Chodistaas and 
Grasshopper Spring pueblos and could have been easily 
exploited. However, two factors should be considered 
before any inference about the manufacturing loci of 
this ware is suggested: (1) the Cibecue Valley was pop­
ulated during the late A.D. 1200s, and (2) gray corru­
gated ware is much more abundant in the Cibecue Val­
ley than on the Grasshopper Plateau. Gray corrugated 
pottery constitutes 60 to 90 percent of undecorated sur­
face collections of Pueblo III period sites in the Cibecue 
area (Montgomery and Reid 1994; Reid and others 
1993). Local availability of temper sources for the gray 
corrugated vessels suggests that at least some of them 
were manufactured in the Cibecue Valley, but this sug­
gestion cannot be adequately demonstrated without fur­
ther testing. The wide range of variation in the chemical 
composition of gray paste, even when observed in a 
small sample, suggests that gray corrugated ware was 
probably made in more than one manufacturing locus. 

The "anomalous" clustering of a few samples of 
brown and gray corrugated was thought at first to be the 
product of sorting error. Two alternative explanations 
for this anomaly may be offered: (1) considering the 
geological similarity between the Grasshopper Plateau 
and the Cibecue Valley, it is highly possible that chem­
ical overlap of clays from these regions may occur, and 
(2) considering the geographical proximity between the 
two regions, it is likely that resource procurement zones 
for clay exploitation overlapped. 
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Information from the petrographic analysis indicates 
that the temper types of these samples are consistent 
with the sorting criteria. Cluster 1 has exclusively 
diabase-derived temper, whereas Cluster 2 includes all 
quartz-sand and some diabase temper types. Of the gray 
corrugated vessels, 21 percent (9 of 43) have diabase 
temper, indicating that, if my interpretation of a local 
use of diabase is correct, Grasshopper Plateau settlers 
not only manufactured brown corrugated but also gray 
corrugated pottery. Thus, petrographic data also support 
the interpretation of multiple sources of gray corru­
gated ware. 

I suggest, on the basis of technological and composi­
tional data, that the majority of corrugated vessels 
present in the assemblage from Chodistaas Pueblo were 
manufactured within a restricted area that included at 
least two geographically adjacent regions: the Grass­
hopper Plateau and the Cibecue Valley. The techno­
logical and compositional distinctiveness of brown 
corrugated and gray corrugated wares further indicates 
that they were made under different technological cri­
teria. Coresidence of potters who were manipulating 
both manufacturing technologies is a plausible explana­
tion that would account for the use of local raw mate­
rials in the manufacture of both brown and gray corru­
gated vessels. 

It is difficult to infer whether each of these wares 
represents a socially or ethnically bounded ceramic 
"tradition" or whether this case of side-by-side variation 
in ceramic technology signals multiethnic occupation of 
a restricted area, because no Cibecue sites have been 
excavated. Grasshopper and Cibecue settlements were 
located within a short distance of each other, and it 
would not be surprising if strong relationships existed 
among them. The presence of gray corrugated ware at 
Chodistaas and other contemporaneous pueblos on the 
Grasshopper Plateau is but one indication of these rela­
tionships. In this regard, Reid (in Reid and others 1993) 
suggests that people from the Cibecue Valley moved 
onto the Grasshopper Plateau during the fourteenth 
century. What makes the above hypothesis critical for 
further research is the possibility that inhabitants of two 
adjacent regions, perhaps culturally or socially related, 
managed to maintain their own separate ceramic tech­
nologies. 

The movement of corrugated vessels, however, was 
not exclusively unidirectional; both brown and gray cor­
rugated vessels are present at Forestdale, Grasshopper, 
Cibecue, and Q Ranch. If most brown and gray corru­
gated wares were manufactured in different regions, as 
the marked differential distribution of surface ceramic 

materials and compositional data suggest, then one may 
further infer that relationships of reciprocal exchange 
between these regions existed. Compositional analysis 
of brown and gray wares from Cibecue Valley sites is 
necessary to reinforce this interpretation. 

The differential distribution of gray and brown cor­
rugated in the southern Colorado Plateau and the Ari­
zona mountains, and the introduction of gray corrugated 
vessels and the technological criteria for their manufac­
ture into the Grasshopper region and adjacent areas to 
the west, may be signaling, according to Montgomery 
and· Reid ( 1994), the direction of the movement of peo­
ple into the mountains during the late Pueblo III period. 
They observe that differences between gray corrugated 
sherd and vessel frequencies in surface collections and 
floor assemblages at Chodistaas Pueblo closely mirror 
a similar pattern observed for Roosevelt Red Ware 
(Chapter 8), and they postulate the movement of people 
as a probable mechanism of circulation of these wares. 

Although the information and discussion presented 
here are far from sufficient for reconstructing the rela­
tionships that existed between Chodistaas Pueblo and 
other settlements, they nonetheless corroborate the 
importance of prehistoric ceramic technology for distin­
guishing between local and nonlocal ceramics. 

RED PLAIN WARE 

Red-slipped plain pottery occurs throughout the Ari­
zona mountains and in the Salt-Gila Basin and surround­
ing areas. Red plain generally displays a high degree of 
technological variability, particularly in temper, wall 
thickness, and surface manipulation (Doyel 1978), indi­
cating that this ware was manufactured in a number of 
locations. Perhaps the most widely distributed and best 
known thirteen-century red plain ceramics are Gila Red, 
a paddled, slipped, and polished pottery found in Hoho­
kam assemblages but ultimately derived from an un­
known Mogollon source (Haury 1940: 39-90, 1945: 
81), and Salado Red, a coiled, smoothed, and slipped 
pottery distributed throughout the Arizona mountains 
(Doyel 1978: 34; Gladwin and Gladwin 1930; Haury 
1934). The existence of other less well-known, more 
localized red plain types, such as Inspiration Red 
(Doyel 1978: 96), Tonto Red (Colton and Hargrave 
1937: 166), and the later Kinishba Red (Haury and 
Hargrave 1931), suggests that red plain ware was ubiq­
uitous in most prehistoric assemblages south of the 
Colorado Plateau. 
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Figure 7 .10. ICP: Compositional similarities between red plain and corrugated wares. 

Technology and Provenience 

At Chodistaas Pueblo, red plain ware constitutes 
18 .4 percent of undecorated vessels ( 40 of 21 7) and 
12.1 percent of the total whole-vessel assemblage. 
Technologically, most red plain vessels are homogene­
ous in paste color and texture, wall thickness, and slip 
color; size and shape of jars (35 of 40 vessels) display 
more variability. Generally, red plain jars are distinct 
from the local brown indented obliterated corrugated 
jars because they were tempered with medium to coarse 
quartz-feldspar and muscovite sand rather than with dia­
base, and most were thinned by the paddle and anvil 

[69] 

technique. Several red plain jars have unique shapes 
with shoulders and long necks, and even elliptical 
bodies. Based on their distinctiveness, specifically the 
use of paddle and anvil for wall thinning, Crown 
(1981a) suggested that red plain vessels may have been 
introduced into the pueblo from elsewhere. Temper 
identification of 32 retired sherds from broken jars and 
chemical characterization of samples from 12 vessels 
(ICP: n = 6; INAA: n = 6) indicate that only a small 
number of pots can be positively identified as local. 

One diabase-tempered sample and five sand-tempered 
samples of red plain jars were analyzed by ICP (Fig. 
7 .10). This sample is small but interesting. At least 
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Figure 7 .11. INAA: Compositional similarities between red plain 
and corrugated wares, as defined by principal components. 

three sand-tempered red plain samples are chemically 
different from the local gray corrugated (Cluster 2), and 
the diabase-tempered red plain sample clusters with the 
brown corrugated (Cluster 1). Results from INAA of 
six red plain samples (Fig. 7 .11) also revealed a 
considerable degree of compositional variation. Three 
sand-tempered red plain samples form a separate group­
ing with one Salado Red Corrugated out of Cluster 1, 
and two diabase-tempered red plain samples belong in 

Cluster 2. Overall, these analyses were useful for 
identifying compositional differences between brown 
corrugated and red plain wares and for indicating local 
manufacture of a limited number of vessels. 

Temper in 23 of the jars and 4 of the bowls is medi­
um to coarse quartz sand with small amounts of feldspar 
and muscovite. As mentioned previously, sand deposits 
are not found on the Grasshopper Plateau. The sampled 
Cibecue Creek sands do not include visible muscovite 



particles, but these sands are similar in size and sorting 
to the temper in the red plain vessels. However, red 
plain pottery (Inspiration Red) tempered with quartz­
feldspar sand and muscovite was reported as locally 
produced in the Miami-Globe area, south of the Grass­
hopper Plateau (Doyel 1978: 96). Only five red plain 
jars are tempered with coarse weathered diabase (Tem­
per Type la). These jars have a dark, almost brown 
paste (2.5YR 3/6 Dark Red), whereas all the sand­
tempered jars and bowls have light red-to-orange paste 
(2.5YR 5/6 Red). 

Morphological and technological attributes such as 
presence and absence of sharp "Gila" shoulders, neck 
length, paddle and anvil marks, and wall thickness were 
recorded for red plain jars to determine whether these 
attributes covary with paste color and temper type and 
to observe if sharp-shouldered jars had consistently 
larger necks than rounded jars within a temper type. 
Nine vessels had sharp shoulders, but their neck lengths 
varied from 35 mm to 104 mm. "Gila" shoulders and 
long necks appear in both sand- and diabase-tempered 
jars. In contrast, walls are generally thicker in diabase­
tempered jars (9 mm to 10 mm) than in sand-tempered 
jars (5 mm to 6 mm) of comparable size, which are dis­
tinctive because of their consistently thin walls. 

These observations agree with Whittlesey's (1982a: 
18-21) analysis of vessel thinning techniques in mixed 
assemblages from the Tonto-Roosevelt region, where 
both the paddle-and-anvil and coil-and-scrape methods 
crosscut wares and types. Red plain, however, is the 
only ware in the Chodistaas assemblage that has been 
consistently thinned by the paddle-and-anvil technique, 
including those vessels positively identified as local. 
This information does not pinpoint the provenience of 
sand-tempered red plain vessels, but the particular char­
acteristics of this ware and the reported occurrence of 
red plain pottery (Inspiration Red) with similar temper, 
surface manipulation, and range of shapes in other areas 
of east-central Arizona (such as in the Miami-Globe 
area; Doyel 1978) lead me to suggest that the red plain 
vessels in the whole-vessel assemblage at Chodistaas 
Pueblo were manufactured somewhere in the mountains, 
perhaps just west of the Grasshopper Plateau. 
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To recapitulate, there are three distinct technological 
traditions represented in the corrugated and plain ves­
sels at Chodistaas Pueblo: brown corrugated, gray cor­
rugated, and red plain. Salado Red Corrugated is a 
slipped variant of brown corrugated. Both gray and 
brown corrugated wares include painted vessels. Paste 
chemistry and temper mineralogy indicate that at least 
one of these traditions, brown corrugated, was local to 
the Grasshopper Plateau: brown indented obliterated 
corrugated, Salado Red Corrugated, and painted corru­
gated types such as Salado White-on-red Corrugated 
represent local ceramic manufacture. Technological and 
compositional differences between the local ceramics 
and the gray corrugated and red plain, coupled with 
relative abundance of these wares in areas east and west 
of the Grasshopper Plateau respectively, suggest that the 
local settlers obtained a number of gray corrugated and 
red plain vessels from their neighbors. Considering the 
hypothesis of relative mobility of mountain populations 
during the late 1200s, it is possible that inhabitants of 
small settlements on the Grasshopper Plateau maintained 
reciprocal relationships with other groups in and beyond 
the mountains. Furthermore, the local adoption of gray 
corrugated technology may be signaling a movement of 
people into the region at the end of the thirteenth 
century. 

That the local potters were able to manufacture both 
gray corrugated ware and red plain ware is evident in 
the use of locally available clays and diabase temper in 
up to 21 percent of gray corrugated pottery and 16 per­
cent of red plain pottery. However, they seemingly had 
a strong preference for brown corrugated vessels. Re­
production of presumably nonlocal wares using local 
raw materials could be evidence for coresidence of peo­
ple from different backgrounds. Of more general inter­
est for interpreting ceramic variability is the coexistence 
of several technological traditions within a relatively 
small area of interaction. The information presented 
here provides initial support to the traditional inter­
pretation of technological variation in prehistoric 
Southwestern ceramics: that the manufacturing tech­
nology of undecorated wares may represent geographic 
and perhaps social and ethnic boundaries. 



CHAPTER EIGHT 

The Circulation of Cibola White 
Ware, White Mountain Red Ware, 
and Roosevelt Red Ware 

D ecorated pottery usually constitutes a small part of 
any prehistoric ceramic assemblage. In the Ameri­

can Southwest, however, archaeologists rely heavily on 
attributes of painted pottery to infer aspects of prehis­
toric behavior such as social organization, community 
interaction, or information transfer. Unfortunately, the 
ceramic record is mainly composed of fragmentary ves­
sels and sherds that seldom depict enough of the painted 
designs to make those inferences. At Chodistaas Pueblo, 
113 whole and restored vessels, representing four deco­
rated wares (Cibola White Ware, Roosevelt Red Ware, 
White Mountain Red Ware, and painted corrugated 
ware) provide sufficient material for an examination of 
the range of variation in design style and technology 
that occurred in this small pueblo during a limited time 
interval. By integrating this information with data on 
ceramic composition and archaeological evidence from 
Chodistaas and other sites in the Grasshopper region, it 
is possible to propose a reconstruction of the manufac­
ture and circulation of decorated wares throughout these 
mountain settlements during the late Pueblo III period. 
Compositional, technological, and stylistic information 
on three polished and painted wares from Chodistaas 
Pueblo is presented, and the probability of local manu­
facture for each ware and the possible mechanisms of 
circulation of nonlocal wares are discussed. 

CIBOLA WHITE WARE 

Cibola White Ware was the dominant decorated ware 
over most of eastern Arizona and western New Mexico 
for at least six centuries (about A.O. 700-1300). This 
mineral-painted white ware had a wide geographic dis­
tribution, which extended south from Dolores, Colorado 
to the Mogollon Rim of Arizona, and from the Rio 
Grande Valley of New Mexico west to the Lower Little 
Colorado River and the Chevelon drainage in Arizona 
(Fowler 1989: 2; S. Plog 1980: 65). 

Available information on the provenience of Cibola 
White Ware from sites on the Colorado Plateau indicate 

[72] 

that this ware was manufactured in numerous regions, 
such as the Upper Puerco river valley (Zedefio and 
others 1993), the San Juan Basin (Franklin 1982; Toll 
1985; Toll and others 1980; Windes 1984; Zedefio and 
others 1992), Pinedale (Haury and Hargrave 1931; 
Lightfoot and Jewett 1984); Mineral Creek and Hooper 
Ranch (Martin and others 1961), the Springerville area 
(Doyel 1984; Rugge and Doyel 1980), the Snowflake­
Mesa Redonda area (Neily 1988), and as far west as the 
Chevelon drainage (S. Plog 1980). Furthermore, the 
prehistoric communities in these and other plateau re­
gions apparently not only manufactured Cibola White 
Ware vessels but also obtained them from other com­
munities, and intraregional and interregional circulation 
of this ware occurred throughout the duration of its 
manufacture. 

Evidence that long-distance circulation of Cibola 
White Ware began as early as A.O. 800 comes from 
Basketmaker to Pueblo I period sites in Dolores, Colo­
rado, where Wilson and Blinman (1988: 366-368) iden­
tified nonlocal Cibola White Ware sherds. The move­
ment of Cibola White Ware vessels extended southward 
into the mountains of east-central and central Arizona 
during the Pueblo II to III interval. Compositional anal­
yses of ceramics from Q Ranch (Tuggle and others 
1982) and from the Tonto Basin (Lightfoot and Jewett 
1984; Lindauer, in press) suggest that the majority of 
these materials were manufactured elsewhere. These 
nonlocal vessels are stylistically and technologically 
similar to those found on the Grasshopper Plateau. 

The emphasis I place on compositional, technologi­
cal, and stylistic variability of Cibola White Ware from 
Chodistaas Pueblo and other sites on the Grasshopper 
Plateau stems from the belief that a ware that was man­
ufactured in so many places and had such wide circula­
tion must record key information about the movement 
of people, materials, and ideas across a vast landscape. 
Understanding such behaviors is crucial for reconstruct­
ing episodic changes in the Arizona mountains at the 
end of the thirteenth century. 



Compositional Analysis 

The most complete set of data on paste composition 
of vessels from Chodistaas Pueblo was obtained for 
Cibola White Ware. At Chodistaas, Cibola White Ware 
is the most abundant decorated ware: 45. I percent of 
the decorated assemblage and 15 .4 percent of the total 
whole-vessel assemblage. Traditionally, the relative 
abundance of Cibola vessels at the site would have been 
interpreted as indicating local manufacture, but as 
discussed previously, this criterion is misleading. The 
information from several regions presented above sug­
gests that, when local, Cibola White Ware commonly 
shares technological and even compositional characteris­
tics with other decorated and undecorated wares. At 
Chodistaas, however, Cibola vessels contrast sharply 
with the rest of the ceramic assemblage in paste color, 
temper type, pigment type, and firing technology. One 
may question, therefore, whether the local people were 
actually manufacturing pottery under two distinctive 
technological and stylistic criteria or were obtaining 
Cibola White Ware vessels elsewhere. 

To find an answer for this question, samples from 56 
Cibola White Ware vessels were submitted to INAA. 
Binocular examination of sherds from reconstructible 
vessels indicated that they did not have large amounts 
of temper that could affect seriously the results of the 
analysis (Neff and others 1988, 1989). The sample was 
selected to control for spatial as well as temporal vari­
ability and was divided as follows: 

47 whole and partial Cibola White Ware vessels 
from Chodistaas Pueblo, including 8 bowls, 10 pitchers, 
28 jars, and 1 canteen (two unclassified and two Snow­
flake vessels were excluded from the analysis); 

3 Cibola White Ware vessels from rooms excavated 
at two sites contemporaneous with Chodistaas Pueblo: 
2 jars from Grasshopper Spring Pueblo and 1 jar from 
site AZ P: 14: 197; 

5 Cibola White Ware vessels from Grasshopper 
Pueblo, included for temporal comparison: 3 jars had 
design and paste characteristics similar to those of 
Chodistaas Pueblo black-on-white pots, and 2 jars were 
similar in design but different in paste color and texture 
(these last 2 jars are representative of the majority of 
whole and reconstructible Cibola jars from Grasshopper 
Pueblo). 

In addition, samples of unfired clays collected from 
the vicinity of Chodistaas Pueblo and areas farther away 
were included in the analysis. Six clays were chosen on 
the basis of firing color (light gray to buff), plasticity, 
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and shrinkage properties (Chapter 6). Of these clays, 
two were collected in the vicinity of Grasshopper, two 
came from the Forestdale Valley and surroundings 
(approximately 60 km, 37 miles, to the northeast), one 
was recovered from Room 10 at Chodistaas Pueblo, and 
one was from Room 113, a storage-manufacturing room 
in Grasshopper Pueblo. Red-firing clays were also in­
cluded in the analysis to compare them to brown paste 
samples. 

In the following presentation of the results of this 
analysis, it is important to stress the conceptual and 
empirical difference between analytically defined 
sources, geological raw material sources, and actual 
manufacturing loci. Analytically defined sources are 
hypothetical raw material sources that are identified 
chemically and are represented by "compositional 
groups." They differ from geological clay and temper 
sources in that their chemical composition results from 
the artificial combination of all ceramic paste compo­
nents, whereas geological raw material sources are dis­
crete sedimentary units that occur naturally. Geological 
sources and analytical sources, in turn, may or may not 
directly correspond to specific manufacturing loci. 

For example, a potter or community of potters may 
have exploited more than one raw material source to 
manufacture a specific ware. In such a case, multiple 
raw material sources used in the past may be repre­
sented archaeologically by multiple compositional 
groups that do not necessarily indicate the existence of 
multiple manufacturing loci. The opposite case, several 
communities using raw material sources that are geolog­
ically similar and chemically indistinguishable from one 
another, could also occur. Therefore, interpretations of 
chemical or mineralogical variability within a specific 
ware should take these complex relationships into 
consideration. 

Determination of Compositional Croups 

Fifty-three samples (94. 6 % of the total analyzed) 
were unequivocally assigned to one of four composi­
tional groups. In a bivariate space, the graphic represen­
tation of group separation through reference to log con­
centrations (Fig. 8.1) of europium (Eu) and iron (Fe) 
and to principal components (Fig. 8.2) clearly illustrates 
the analytical distinctiveness of each group: Group 1 has 
27 members, Group 2 has 9 members, Group 3 has 13 
members, and Group 4 has 4 members. Groups 2 and 
4 are too small to evaluate how well they represent their 
analytical source. Two samples were left as outliers 
because of their low probability of belonging to any of 
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Figure 8.1. INAA: Bivariate representation of Cibola White Ware compositional groups. 

the groups, and one was omitted because it had almost 
equal probability of belonging to Group 1 or Group 3. 

Group 4 has only four members but presents an 
important compositional characteristic, high iron (Fe) 
content, that clearly indicates a different analytical 
source. Group 4 includes samples of two jars from 
Grasshopper Pueblo and two from Chodistaas Pueblo. 
The Grasshopper jars are technologically distinct from 
those in the remaining compositional groups and, al­
though small, this group hinted at the existence of a 

separate source for a majority of Cibola White Ware 
vessels at Grasshopper Pueblo. To investigate further 
this possibility, 32 Cibola vessels were submitted to 
ICP: 14 from Chodistaas, 4 from Grasshopper Spring 
Pueblo, and 14 from Grasshopper Pueblo. The last sam­
ples were chosen from those vessels that had paste 
color, shape, and design different from the former ones. 

The results of ICP clearly separated white-paste 
samples from brown-paste ones. The analysis revealed 
that Cibola White Ware samples from Chodistaas and 
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Figure 8.2. INAA: Cibola White Ware compositional groups, as defined by principal components. 

Grasshopper Spring represent an analytical source or 
related sources whose chemical composition is com­
pletely different from the sources of all but three of the 
Grasshopper Pueblo samples. A bivariate representation 
of ICP log concentrations for two elements, zinc (Zn) 
and iron (Fe), illustrates these differences (Fig. 8.3). 
However, the fine-grained group formation seen in 
INAA was not replicated by ICP, probably because ele­
mental concentrations were measured by different 
extraction techniques (Fig. 8.4). 

Neither ICP nor INAA revealed matches between 
light-firing clays and white-paste samples. However, 
calculation of Mahalanobis distances in a discriminant 
function analysis, using INAA data, revealed matches 
between Group 4 and two clay samples from Room 113 
(clays 854 and 1223), one of which is diabase-tempered 
(854). A sample from the sterile layer of Test pit 88-5 
(Tp-5) at Chodistaas Pueblo also has strong chemical 
similarities with Group 4 (Fig 8.5). The compositional 
relationships among a local clay deposit, clays recov-
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Figure 8.3. ICP: Bivariate representation of local and nonlocal Cibola White Ware samples. 

ered in archaeological contexts, and Group 4 vessels 
indicate that at least some of the brown-paste Cibola 
White Ware vessels from Grasshopper Pueblo and the 
two vessels from Chodistaas Pueblo were manufactured 
with local clays. As shown in Chapter 7, brown paste 
white ware vessels are compositionally similar to gray 
corrugated, painted corrugated and Roosevelt Red Ware 
samples included in Cluster 2 (INAA), suggesting 
manufacture on the Grasshopper Plateau or in its imme­
diate vicinity. 

In summary, the compositional variation evident in 
these analyses indicates that: ( 1) Cibola White Ware 
vessels from Chodistaas Pueblo represent at least four 
analytical sources; (2) two other contemporaneous sites, 
Grasshopper Spring and AZ P: 14: 197, also contain 
white ware vessels that represent the same analytical 
sources as those from Chodistaas; (3) although a few 
vessels from Grasshopper Pueblo were chemically simi­
lar to at least one compositional group identified in the 
Chodistaas sample, the majority of Cibola White Ware 
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Figure 8.4. ICP: Principal Components scatter plot showing nonlocal Cibola White Ware 
samples. Sample numbers 1 to 3 indicate compositional groups defined by INAA. 

vessels at Grasshopper (which have brown paste rather 
than white paste) represent a source that is completely 
different from those identified for the three earlier sites; 
only two brown paste Cibola jars were found in the 
Chodistaas assemblage. The chemical similarities among 
brown paste black-on-white pottery from Chodistaas and 
Grasshopper, local gray corrugated, and local clay 
sources suggest that these vessels were probably manu­
factured in the region. 

Variation in paste composition of Cibola White Ware 
in the Grasshopper region occurs both spatially and 
temporally. Cibola White Ware vessel clays from late 
Pueblo III sites came from at least three chemically 
distinct, presumably nonlocal sources. Later, a shift to 
local manufacture of this ware is indicated by the use of 
local clays. This shift took place sometime during the 
Pueblo IV occupation of Grasshopper Pueblo. Data on 
manufacturing technology support these observations. 
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Technological Analysis 

An analysis of manufacturing technology of Cibola 
White Ware was conducted to evaluate the probability 
that this ware was manufactured locally. Compositional 
analysis alone was insufficient, because no clay 
"matches" were found for white-paste samples, whereas 
there were matches between brown paste samples and 
local clays. Working under the premise that ceramic 

technology may signal variation in actual manufacturing 
loci more accurately than design style, I sought first to 
find out whether Cibola White Ware shared technologi­
cal characteristics with other wares in the assemblage, 
and second, whether those characteristics varied spa­
tially and temporally relative to the procurement sources 
for this ware. To do so, I used geological information 
relevant to clay sources in the Grasshopper region and 
adjacent areas, observations of temper technology, and 



data obtained from experimental retiring of sherd 
samples from all the broken vessels. Observations of 
forming techniques and vessel morphology provided 
additional information for reconstructing the manufac­
turing technology of this ware. Integration of compo­
sitional and technological data shows that Cibola White 
Ware was not manufactured in the Grasshopper region 
during the late Pueblo III period. 

Raw Materials: Clays, 
Temper, and Pigments 

All but two Cibola White Ware vessels from Chodis­
taas Pueblo were manufactured with white-firing clays. 
As James Burton advised me in 1990, these clays have 
low concentrations of elements and chemical com­
pounds, in particular calcium, which is a characteristic 
of clays (specifically kaolinites) formed in acidic envi­
ronments. No clay mineral analysis to identify kaolinites 
was performed, but low calcium concentrations or ab­
sence thereof were also detected by INAA. In contrast, 
the Grasshopper Plateau is situated on the western edge 
of the Upper Supai Formation, Cibeque Member, which 
is characterized by highly calcareous sandstone and 
shale, with limestone lenses (Finnell 1966). Outcrops of 
Naco Limestone are present in the southern and western 
portions of the region. According to Winters ( 1963: 17, 
73), occasional thin beds of white clay and highly 
calcareous claystone occur in the Supai Formation, but 
in general kaolin clay and accessory minerals are almost 
absent. 

The closest known white-firing clays and kaolinite 
beds are restricted to a narrow east-west zone of Cre­
taceous sediments parallel to the Mogollon Rim, all 
south of State Highway 260 (Moore 1968, map). Of 
these, the only outcrops that have been sampled and 
tested were in Cretaceous Shales along Corduroy Creek, 
immediately south of the Forestdale Valley, about 60 
km (37 miles) northeast of Grasshopper (Moore 1968: 
73). There are no geological formations likely to have 
white acidic clays in a radius of 15 km to 20 km (9 to 
12 miles) from Chodistaas Pueblo. There is a Creta­
ceous Shale outcrop about 15 km northeast of Chodis­
taas; the terrain between Chodistaas and this location is 
extremely rugged, so in walking distance it is probably 
no closer than 25 km to 30 km (15 to 19 miles; USGS 
Chediski Quadrangle topographic sheet, T9N/R16E). To 
date, no such clays have been located there. 

Three of the compositional groups determined for the 
Chodistaas Pueblo assemblage represent a type of clay 
(acidic, white-firing, perhaps kaolinite) of probable 
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cretaceous ongm, of restricted availability in the 
Arizona mountains and southern Colorado Plateau. It is 
probable, then, that the chemical characteristics of 
compositional groups 1, 2, and 3 represent different 
clay sources located not too far from one another. Al­
though compositional differences between Group 1 and 
Groups 2 and 3 are large enough to suggest exploitation 
of two geologically and even geographically discrete 
clay sources, differences between Groups 2 and 3 repre­
sent a continuum of variation and may be indicating 
different outcrops of a single source. Without a clay 
match, however, these observations remain speculative. 
Identification of manufacturing loci from analytical 
sources would require careful sampling and analysis of 
white-firing clays across their zone of occurrence and 
relative to prehistoric settlements nearby. Only then 
could one get a relatively accurate idea of the true 
spatial significance of the observed compositional 
variation. 

Temper technology is homogeneous across the three 
compositional groups, suggesting that they are techno­
logically related. Twenty-seven sherds from white paste 
vessels representing Chodistaas Pueblo (n = 21), 
Grasshopper Spring Pueblo (n = 3), and Grasshopper 
Pueblo (n = 3) were retired and examined under a 40x 
binocular microscope to identify temper types. The 
paste of these sherds has a fine, compact texture, with 
small amounts of orange-red crushed sherds and quartz 
sand. Positive determination of sherd temper was made 
for all but one sherd; sherd temper became visible only 
after retiring the sherds. Sherd and quartz temper oc­
curs across the three compositional groups, but in vary­
ing proportions. Group 1 has one sample with only sand 
temper, and Group 2 has one sample with only sherd 
temper. Results of the petrographic analysis reported by 
Crown (1981a) were compared with the compositional 
groups. The presence of ground sherds was noted in 
only two of Crown's samples. However, her temper 
groups overlap across the compositional groups, sup­
porting my observation that black-on-white vessels from 
Chodistaas have similar temper technology, regardless 
of chemical paste composition. Homogeneity in temper 
technology may have been a generalized characteristic 
of Cibola White Ware manufactured on the Colorado 
Plateau. Recent chemical and petrographic analyses of 
over a hundred Cibola White Ware samples from sites 
on the upper Puerco River and in the San Juan Basin 
area produced similar results (Zedefio and others 1993: 
212; Table 56). 

Thirteen sherds from brown paste black-on-white 
vessels were also retired and examined microscopically. 
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Table 8.1. Paste Color, Temper, and Pigments of Refired Cibola White Ware Sherds by Compositional Group 

Compositional Group Paste color 

1 (n = 12) 1 OYR 8/1 White 
1 OYR 8/2 White 

SYR 8/2 Pinkish white 

2 (n = 5) 2.SY 8/2 White 
SY 8/1 White 

3 (n = 8) 1 OYR 8/1 White 
1 OYR 8/4 Very pale brown 

4 (n = 13)* 1 OYR 5/3 Brown 
1 OYR 6/4 Light yellowish brown 

SY 6/3 Pale olive 

Outliers (n = 2) 1 OYR 8/1 White 
SY 8/1 White 

* Includes 11 sherds from Grasshopper Pueblo. 

The sample included sherds from Chodistaas Pueblo (n 
= 2) and Grasshopper Pueblo (n = 11). Most brown 
paste vessels were made with dark gray, probably car­
bonaceous clay. All sherds were retired and they turned 
dull buff to orange in color; some of them retained a 
dark core. The three temper types identified were sherd, 
sherd and sand, and a heterogeneous admixture of 
sherd, diabase, opaque minerals (iron oxides), and occa­
sional muscovite flakes. Diabase, muscovite, and iron 
oxides are common on the Grasshopper Plateau. When 
chemical groups defined by ICP are represented graph­
ically, brown paste samples cluster tightly (see Fig 8.3). 
However, variation in temper type and color of brown 
paste samples suggests greater compositional hetero­
geneity than that determined in this study. 

Identification of black mineral pigments on retired 
sherds of white paste samples revealed that iron (Fe) 
pigments were used far more commonly than manga­
nese (Mn) pigments for vessel decoration. In the deco­
rated brown paste group, however, there are more 
manganese occurrences than iron ones. This pattern 
may be a function of the small sample size used to 
determine pigment types. The results of temper and 
pigment identification are presented in Table 8 .1. 

To summarize, an evaluation of raw materials used 
in the manufacture of Cibola White Ware from the 
Grasshopper Plateau indicates that the sources of clay 
for manufacturing Cibola White Ware during the late 
Pueblo III period were not located on the Grasshopper 
Plateau and were well beyond the hypothetical "primary 
exploitation threshold" (Browman 1976) or territory 
where potters could obtain their resources at minimum 

Temper (n) Pigment (n) 

Sherd + sand (11) Iron (7) 
Sand (1) Manganese (4) 

Sherd + sand (5) Iron (1) 
Manganese (1) 

Sherd + sand (7) Iron (6) 
Sherd (1) Manganese (1) 

Sherd (1) Iron (1) 
Sherd + sand (3) Manganese (4) 
Diabase + sherd + opaque minerals (9) 

Sherd + sand (2) Iron (1) 
Manganese (1) 

energy cost and maximum benefit. Local potters could 
have exploited more distant sources, however. The zone 
where white-firing clays are located was occupied pre­
historically, and it has important late Pueblo III period 
settlements in it (from east to west, AZ P:16:9 in 
Forestdale, upper Cibecue Creek sites, the Pinedale 
Ruin, and Chevelon sites), but there is no evidence to 
indicate that trade in clays occurred, certainly not in the 
quantities required to manufacture the large number of 
vessels already excavated. 

In the absence of convincing evidence of manufacture 
of white paste pottery at Chodistaas Pueblo, the most 
parsimonious interpretation of these data is that Cibola 
White Ware vessels were introduced into the settlement 
from the north. The occurrence of clays with similar 
firing color and similar temper and of vessels with simi­
lar black mineral pigments in the black-on-white pottery 
from Chodistaas suggests that the three analytical 
sources of these pots may in turn represent localities 
within a geographically restricted area. 

Sherd temper cannot be easily traced to procurement 
sources, but it is known to occur in ceramics made on 
the Colorado Plateau. Sherd temper is restricted to 
polished and painted pottery in the Chodistaas assem­
blage. Although local vessels were made with orange­
firing and red-firing clays, ceramics of this color range 
were also manufactured in many areas of the Colorado 
Plateau, such as Pinedale, Fourmile (Lightfoot and 
Jewett 1984), Snowflake-Mesa Redonda (Neily 1988), 
Petrified Forest National Monument (Fowler 1989), and 
the Middle Little Colorado River (Zedeiio and others 
1993), among others. One starting point for tracing the 



provenience of Cibola White Ware pottery tempered 
with ground orange sherds would involve determining 
those areas where both white-firing and orange-firing 
clays were used for local ceramic production. Chemical 
characterization of sherd temper particles by Scanning 
Electron Microprobe (Olin and Franklin 1982) would be 
necessary to assess accurately the composition, and per­
haps provenience, of the ground sherds. 

In contrast, the raw material sources of most late 
black-on-white pots from Grasshopper Pueblo are obvi­
ously distinct from the earlier ones, and at least one of 
these sources is local. Further tests are necessary to 
assess how many sources are represented in the brown 
paste Cibola White Ware vessels from Grasshopper 
Pueblo. The analysis here illustrates the difficulties of 
identifying intraregional manufacturing loci from chem­
ical analysis, retiring experiments, and petrographic 
observations. 

Forming Techniques and 
Vessel Morphology 

The relative homogeneity of Cibola White Ware 
from Chodistaas Pueblo is also present in vessel shape. 
Even though it is difficult and often impossible to find 
observable traces of primary forming techniques on 
smoothed-polished pottery, slight ripples from original 
coils can be felt along vessel walls. Crown (1981a: 124) 
suggested that a large broken potsherd or plate-shaped 
vessel or basket may have been used to turn the jars 
during construction. She observed that large black­
on-white jars: 

almost uniformly show evidence of a slight slump 
at a point above the vessel base. The "slump" is 
often so slight that it can be felt better than seen, 
but is clearly present. This slump is unquestion­
ably caused by the slight collapse of the drying 
vessel wall at the point where it was no longer 
supported by a base (Crown 1981a: 124). 

Most large jars are "egg-shaped," with wide shoul­
ders and pointy bases that make the pots unstable and 
that suggests some sort of support must have been used 
to free the potter's hands. At Chodistaas Pueblo there 
is slight variation in jar and pitcher shapes, from semi­
globular to egg-shaped, and few are squat; various jar 
and pitcher sizes are represented in every compositional 
group, but bowls are restricted to Group 1. Conversely, 
all the later brown paste Cibola jars from Grasshopper 
Pueblo are relatively homogeneous in size and shape; 
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Figure 8.6. Shapes of Cibola White Ware jars and a 
pitcher from Chodistaas Pueblo (a-d) and jars from 
Grasshopper Pueblo (e, f); b, e,f are whole vessels. 

they typically have a wide, rounded base and squat 
body. Except for six especially large, wide-shouldered 
jars, all brown paste and white paste jars from this site 
are of medium size. Figure 8.6 illustrates the range of 
variation in vessel shapes from Chodistaas and Grass­
hopper pueblos. 

Surface Treatment and Finish 

It is difficult to identify unequivocally the presence 
of white slip on the exterior surface of black-on-white 
pottery at Chodistaas Pueblo because the paste is white. 
Sometimes, however, slip was applied to the rim inte­
rior, and a slight difference in color and texture of the 
interior surface revealed the presence of a white slip. 
Surface polishing varies from smoothing that gives exte­
rior surfaces a dull appearance, to moderately high 
polish. Black-on-white pottery at Grasshopper Pueblo, 
on the other hand, has a dark gray paste and was treated 
with a thick, chalky white slip; vessels are all evenly 
polished. 
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Firing Techniques 

Retiring of 25 sherds from broken vessels was help­
ful for making observations on the original firing atmo­
sphere and temperature of Cibola White Ware. The 
sherds were retired at 950°C (1742°F) and left to cool 
in the oven. The white paste sherds from Chodistaas 
Pueblo vessels did not change visibly, with the excep­
tion of two that turned light pink. Unfortunately, it was 
not possible to estimate, on the basis of changes in paste 
color alone, what type of atmosphere was present dur­
ing the last stage of the original firing process. 

Changes in the color of iron paint, however, indicate 
that vessels painted with this pigment were fired in a 
nonoxidizing atmosphere. Eleven sherds from Grass­
hopper Pueblo vessels changed from dark gray to dull 
buff or orange, indicating that these, too, were fired in 
a nonoxidizing atmosphere. Changes in paint color also 
suggested that the original firing temperature must have 
been no lower than 750°C (1382°F), because moder­
ately high temperatures are needed to reduce iron pig­
ments and turn them black (Shepard 1985). Only two 
Cibola pots from Chodistaas were fired in an oxidizing 
atmosphere; they have reddish brown paint instead of 
black. High temperatures must have been achieved in 
the original firing of the vessels, because four jars have 
glassy surfaces and two of them became warped from 
over-firing. 

Hardness of 5 to 7 on the Mohs scale and conchoidal 
fracture of many of the pots also suggest moderately 
high firing temperatures for the black-on-white pottery. 
Fire clouds are not common but occur in the black-on­
white assemblage. These stains could have appeared on 
the pots during firing or during the burning of the 
pueblo rooms. Observations on the firing process of 
Cibola White Ware support the traditional view that this 
ware represents a distinctive firing technology (Colton 
1939; Shepard 1985), in particular when contrasted with 
other wares in the assemblage. 

Spatial and Temporal Variability 
in Procurement Sources of 

Cibola White Ware 

The reconstruction of critical stages in the manufac­
ture of black-on-white vessels at Chodistaas Pueblo 
indicate that, although they may have been made at 
three different locations outside the Grasshopper re­
gion, most, if not all, of the pots were produced with a 
similar technology. Because white-firing clay sources 
have a restricted geographic distribution, it is likely that 

these pots were manufactured in a few, perhaps geo­
graphically and socially related, loci. Sources of Cibola 
White Ware may have been located not farther than 100 
km ( 62 miles) to the north. 

Vessels of room floor assemblages at Chodistaas 
Pueblo can be considered contemporaneous in the sense 
that they were all in use until shortly before abandon­
ment. However, the partition of Cibola White Ware 
vessels by shape and compositional characteristics may 
be used to argue that these vessels did not all enter the 
room assemblages at the same time and that a shift in 
procurement sources began to occur toward the end of 
the occupation of Chodistaas. 

A comparison of the percentages of Roosevelt Red 
Ware and Cibola White Ware bowls from the surface 
and room floors at Chodistaas Pueblo has led to the 
hypothesis that black-on-white bowls were replaced by 
Pinto Black-on-red and Pinto Polychrome bowls some­
time after A.D. 1285 (Montgomery and Reid 1990). The 
replacement of black-on-white bowls by polychrome 
bowls was also observed by Haury and Hargrave (1931) 
at the Pinedale Ruin. All the black-on-white bowls in 
room assemblages at Chodistaas included in this anal­
ysis (n = 8) fit into Compositional Group 1; Groups 2 
and 3 include jars and pitchers from Chodistaas, Grass­
hopper Spring, and Grasshopper pueblos and site AZ 
P: 14: 197 (Table 8.2). 

The unequal distribution of black-on-white bowls 
across compositional groups may be related to the re­
placement event: the source of vessels from Group 1 
perhaps contributed to the ceramic assemblage through­
out the occupation of Chodistaas, whereas vessels from 
Groups 2 and 3 may have entered the assemblage at a 
different time in the occupation of the pueblo, when 

Table 8.2. Vessel Shape Distribution by Site 
Across Compositional Groups 

Site Group 1 Group 2 Group 3 Group 4 

Chodistaas 14 jars 4 jars 7 jars 1 jar 
Pueblo 8 bowls 

3 pitchers 1 pitcher 3 pitchers 1 canteen 

Grasshopper 
Spring Pueblo 1 jar 1 jar 

AZ P:14:197 1 jar 

Grasshopper 2 jars 1 jar 2 jars 
Pueblo 9 jars* 

2 bowls* 

*ICP 
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Table 8.3. Frequencies of Design Styles on Cibola White Ware at Chodistaas Pueblo by INAA Compositional Groups 

Group 1 Group 2 Group 3 Group 4 Outliers 
Design style Bowls Jars Pitchers Jars Pitchers Jars Pitchers Jars Canteen Jars Pitchers Total 

Red Mesa 1 

Puerco 3 
Snowflake* 3 6 
Tularosa 6 2 4 16 
Kayenta-T usayan 1 3 
Roosevelt 5 9 
Pinedale 2 5 
Unclassified 2 2 4 

Total 8 14 4 4 7 3 2 2 47 

* Two Snowflake vessels and two unclassified vessels were not included in the INAA sample. 

black-on-white bowls were no longer manufactured. 
Compositional analysis of surface bowl sherds from 
Chodistaas and Grasshopper is necessary to test whether 
the absence of bowls in Groups 2 and 3 is related to the 
replacement event. The scarcity of surface bowl sherds 
at Grasshopper Pueblo (Montgomery and Reid 1990: 
93, Table 2) suggests that few black-on-white bowls 
were being manufactured by about A.D. 1300. 

In addition, there is an unequal distribution of the 
vessels represented in Groups 2 and 3 across rooms in 
Chodistaas Pueblo. Vessels in Group 1 were present in 
almost every room, whereas all but three Chodistaas 
vessels in Groups 2 and 3 were in the southern room 
block, in Rooms 3, 5, 8, 9, and 6, all of which were 
built after A.D. 1280. Two explanations for this pattern 
may be suggested. First, Groups 1, 2, and 3 may be 
signaling differences in exchange partnerships, where 
the occupants of the north room block had little or no 
access to the kinds of vessels represented in Groups 2 
and 3. Because the south room block was built at a later 
date than the north one, it is possible that an exchange 
partnership that involved only one sector of the pueblo's 
inhabitants (represented archaeologically by vessels 
from Groups 2 and 3) developed sometime during the 
occupation of Chodistaas, Grasshopper Spring, and site 
AZ P: 14: 197 and continued through the first years of 
occupation of Grasshopper Pueblo. If this explanation 
is correct, then the temporal difference suggested by the 
absence of bowls and the presence of Grasshopper 
Pueblo vessels in these groups would be reinforced. A 
second explanation, which accords with the general 
trend of population movement into the Arizona moun­
tains at the end of the thirteenth century, is that vessels 
represented in Groups 2 and 3 were brought into the 
area by immigrants from the north. Differences in con-

struction dates as well as in architectural layout of the 
north and south room blocks brings into consideration 
the likely possibility that late in its brief history Chodis­
taas Pueblo sheltered an immigrant group. 

What is relevant for understanding the dynamics of 
manufacture and circulation of Cibola White Ware on 
the Grasshopper Plateau is that the locally produced 
black-on-white pottery, although different in raw 
material, morphology, and style of decoration (all of 
which can be explained in terms of geographical and 
temporal context of manufacture) still had important 
technological similarities with the nonlocal Cibola 
White Ware. These similarities include use of ground 
sherds along with local tempering materials and firing 
technology. 

Having established tentative spatial and temporal 
boundaries for the manufacture of Cibola White Ware 
recovered from sites on the Grasshopper Plateau, I turn 
to design styles to consider how stylistic variation on 
black-on-white pottery from Chodistaas and Grass­
hopper pueblos highlights these arguments. 

Design Style Analysis 

The compositional groups described above were used 
as analytical units within which variation in Cibola 
White Ware design styles was observed (Table 8.3). I 
treated Group 1, Groups 2 and 3, and Group 4 as repre­
senting discrete ceramic manufacturing loci. The criteria 
followed here for classifying Cibola black-on-white ves­
sels into formal styles were first provided by Crown 
(1981a: 296-302); additional references to formal style 
definitions were incorporated from Neily (1988: 143-
161). I made slight changes to Crown's (1981a) classi­
fication in order to incorporate the decorated vessels 
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Figure 8.7. Cibola White Ware design styles at Chodistaas Pueblo. a, Red 
Mesa style, Group 4; b, Puerco style, Group 3; c, Puerco style, Group 2. 
(Not to scale; see Appendix A: a, Case 229; b, 187; c, 126.) 

recovered in recent years, but most of her classification 
was left intact. I adhered strictly to diagnostic attributes 
recognized for each formal style, leaving unclassified 
those designs that did not display attributes clearly diag­
nostic of any style. The original classification was 
designed for Chodistaas Pueblo black-on-white vessels, 
but I included also those vessels from Grasshopper 
Pueblo, Grasshopper Spring Pueblo, and AZ P: 14: 197 
for which compositional data were available. The stylis­
tic classification that follows focuses specifically on jars 
and pitchers, which constitute the overwhelming major­
ity (42 of 51) of the Cibola White Ware whole-vessel 
assemblage from Chodistaas. Styles of bowl designs 
were classified independently and are discussed sepa­
rately. The following styles were identified; they are 
listed chronologically, from early to late. 

Red Mesa Style 
(Crown 1981a: 301) 

Red Mesa style is characterized by lines of medium 
width in a banded layout. All solid elements are elabo­
rated with pendant dots. Typical design elements in­
clude small interlocking curvilinear scrolls (Jernigan 
1982; Sullivan 1984; Wilson 1976). At Chodistaas 
Pueblo, only one vessel is of this style (Fig. 8. 7a); it is 
a small canteen with high shoulders and handles at each 
side of the neck. Crown considered this vessel to be 
aberrant in form, style, and technology: "Technologi­
cally, the vessel exhibits a grayish wash instead of a 
slip, is poorly polished, and too highly fired. The vessel 
is the only canteen in the collection, and is probably an 
heirloom" (Crown 1981a: 305). This canteen is also one 
of the two Cibola vessels from Chodistaas made with 
brown paste. One Red Mesa jar was also recovered 
from Grasshopper Spring Pueblo. 

Puerco Style 
(Crown 1981a: 301) 

Puerco style was described by Carlson ( 1970), 
Sullivan (1984), and Wasley (1959), and has three 
varieties: Puerco, Gallup, and Escavada. Puerco style 
is generally characterized by banded, vertically sec­
tioned designs, separated by panels of parallel vertical 
lines. Elements are negative, although unopposed 
hatched elements may occur. Squares, checkerboards, 
parallelograms, triangles, negative lightning, and nega­
tive bullseyes are common, and ticked bands are some­
times present. This style seems to have developed from 
the Red Mesa style, and it is closely related to the 
Reserve style (Neily 1988: 149). At Chodistaas Pueblo 
there are two Puerco style pitchers, one is Puerco 
variety (Fig. 8. 7b; Wasley 1959: 269) and the other is 
Escavada variety (Fig. 8.7c; Neily 1988: 149). Both 
pitchers are characterized by heavy use of black that 
gives the designs a bold effect. 

Snowflake Style 
(Crown 1981a: 300) 

The controversial Snowflake style was first defined 
by Longacre (1964), but his definition of Snowflake 
was too inclusive to be useful for distinguishing this 
style from the Puerco style. Colton (1941b) and Wasley 
(1959), among others, equated Snowflake Black-on­
white designs with the carbon-painted Sosi. A single 
attribute was used here to identify Snowflake style: 
solid ribbonlike designs with or without interlocking 
rectilinear scrolls and stepped edges. Sosi, on the other 
hand, combines ribbonlike designs with barbed edges. 
At Chodistaas Pueblo, four jars and one pitcher of 
Snowflake style typically exhibit ribbonlike rectangular 
scrolls with or without stepped edges, in which black 
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Figure 8.8. Snowflake style designs on Cibola White Ware at Chodistaas Pueblo. a, b, d, Group 
1; c, e, Group 3. (Not to scale; see Appendix A: a, Case 63; b, 263; c, 144; d, 151; e, 243.) 

solids are equal or slightly larger than the white back­
ground. Secondary elaborations include triangular 
scrolls (Fig. 8.8a, b), stepped elements (Fig. 8.8c); 
checkerboard-filled triangles (Fig. 8.8d), or solid tri­
angles (Fig. 8.8e). One Snowflake jar was recovered at 
Grasshopper Spring Pueblo. 

Tularosa Style 
(Crown 1981a: 296) 

Tularosa style is characterized by interlocking solid 
and hatched designs, in which diagonally hatched units 
are larger than or equal to the solid unit. The basic 
motif is repeated six to eight times. Elements often 
exhibit stepped edges and motifs include scrolls, double 
terraces, frets, birds, and vertical zigzags. Tularosa 
style vessels have medium to fine hatching work, and 
framing lines are as thin as hatching lines (Carlson 
1970: 90-91; Colton 1953; Colton and Hargrave 1937; 
Wasley 1959). Thirteen jars and three pitchers from 
Chodistaas Pueblo are of Tularosa style. Although vari­
ability in layout, complexity, and execution of the 
designs is evident, most vessels have balanced solid and 
hatched interlocked stepped designs (Figs. 8.9, 8.10). 
Two Tularosa style jars were recovered at Grasshopper 
Spring Pueblo (Fig. 8.10d, .f). 

Kayenta-T usayan Style 

The Kayenta style was defined first by Colton and 
Hargrave (1937) and was further elaborated by Beals, 
Brainerd, and Smith (1945: 103-121). According to 
these authors, Kayenta style is characterized by negative 
designs that have interlocking "S" scrolls and usually 
occur as interlocking rectilinear scrolls attached to 
terraces or triangles with sawteeth. White areas within 
the design are normally smaller than black areas and 
occur in the form of straight, curved, or zigzag lines 
and sometimes in the form of small parallelograms. 
Kayenta style is also characterized by true pleated or 
"diaper" designs that form diamonds of complex inter­
nal elaboration. Secondary elaborations on framing 
bands are also common. Two jars from Chodistaas dis­
play intricate pleated designs with negative effect (Fig. 
8.10g, h). 

Roosevelt Style 
(Crown 1981a: 300) 

Roosevelt is perhaps one of the most inclusive styles 
and thus there has been considerable disagreement over 
its definition and usage. According to Pomeroy (1962: 
30-38), Roosevelt style displays banded designs with 
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Figure 8.9. Tularosa style designs on Cibola White Ware at 
Chodistaas Pueblo. a-e, g, h, Group 1; f, i, }, l, Group 3; k, Group 
2. (Not to scale; see Appendix A: a, Case 106; b, 186; c, 1; d, 181; 
e, 231; f, 301; g, 78; h, 127; i, 109; }, 36; k, 190 l, 218.) 
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Figure 8.10. Tularosa style designs (a-/) and Kayenta-Tusayan style designs (g, h) on Cibola 
White Ware at Chodistaas Pueblo (a-c, e, g, h) and Grasshopper Spring Pueblo (d, /). a, 
Outlier; b, d, h, Group 3; c, Group 1; e, Group 4; f, g, Group 2. (Not to scale; see 
Appendix A: a, Case 68; b, 272; c, 267; d, GS-332; e, 6; f, GS-331; g, 198; h, 101.) 
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Figure 8.11. Roosevelt style designs on Cibola White Ware at Chodistaas Pueblo. a-d, g, h, Group 1; e, Group 
3; f, Group 2. (Not to scale; see Appendix A: a, Case 222; b, 254; c, 295; d, 300; e, 32/, 217; g, 223; h, 285.) 

diagonally or vertically sectioned layout, interlocking 
solid motifs, use of frets, stepped terraces, scrolls, and 
opposed sawteeth. Hatching is infrequent, and solids 
exhibit negative designs. Pomeroy's definition of Roose­
velt style includes a heterogeneous array of layouts and 
motifs that dilutes the concept of Roosevelt style. He 
included designs of ribbonlike interlocking solid rectan­
gular scrolls combined with stepped elements that actu­
ally represent the diagnostic attribute of the Snowflake 
style (Crown 1981a: 300-301). Pomeroy's Roosevelt 
style functions as a useful category by comprising a 
number of Kayenta-Tusayan stylistic attributes such as 
negative "S" scrolls, parallel hatching, and opposed 
sawteeth, thereby separating out those solid dark 
designs that have a Tusayan "flavor" but that do not 
truly belong with any of the northern styles. 

At Chodistaas, Roosevelt style pots have two sub­
categories. One includes three examples: simple solid 

banded designs with opposed sawteeth (Figs. 8.1 la, b), 
and interlocked barbed units combined with secondary 
stepped units (Fig. 8.1 lc) reminiscent of Sosi style; it 
is characterized by the boldness and simplicity of the 
designs, which have no internal or secondary elabora­
tions. In contrast, the second subcategory (five jars) is 
characterized by negative designs of diagonal and dia­
mond layout with intricate elaborations, including many 
Kayenta-Tusayan stylistic attributes. Here, interlocking 
rectangular scrolls have internal elaborations, including 
spurred triangles; interlocked barbed units; negative 
units such as parallelograms, lightning, and bullseyes; 
parallel hatching; opposed sawteeth; and stepped ter­
races (Figs. 8. lld, f-h). One jar exhibits a diaperlike 
pleated layout (Fig. 8. lle). Snowflake designs at Cho­
distaas, then, differ from Roosevelt designs in that their 
interlocked solid rectangular scrolls have little or no in­
ternal elaborations, nor complex secondary elaborations. 
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a b C 

Figure 8.12. Pinedale style designs on Cibola White Ware at Chodistaas Pueblo. a, Group 
2; b, Outlier; c, Group 1. (Not to scale; see Appendix A: a, Case 53; b, 269; c, 150.) 

Pinedale Style 
(Crown 1981a:299) 

According to Carlson (1970: 91-93), Pinedale style 
is characterized by interlocking solid and hatched units, 
but, unlike Tularosa, the solid unit is as large or larger 
than the hatched unit, giving the design a bolder, darker 
effect. Units are large and are repeated only two to four 
times. Elements still exhibit stepped edges, but internal 
elaborations of the elements are more common. Carlson 
pointed out that the double terrace motif no longer 
appears, and the running diamond motif first occurs on 
this style. Two Pinedale style jars, two bowls, and one 

a b 

pitcher are in the Chodistaas assemblage. One jar has 
the diagnostic interlocked solid and hatched curvilinear 
"S" scrolls (Fig. 8.12a) and two pots have running dia­
monds (Fig 8.12b, c). Most of the Grasshopper Pueblo 
jars are painted in the Pinedale style. The hallmark of 
these designs is the combination of Kayenta-Tusayan 
complex diamond elaborations and secondary line elab­
orations with interlocked solid and hatched curvilinear 
scrolls (Carlson 1970:108). 

One jar and two pitchers were left unclassified (Fig. 
8.13a-c). The jar (8.13a) exhibits typical Tusayan par­
allel hatching (Beals, Brainerd, and Smith 1945: 102), 
but has diagonal paneling not common to any style. 

C 

Figure 8.13. Unclassified design styles on Cibola White Ware at Chodistaas Pueblo. 
a, Group 2; b, c, Outliers. (Not to scale; see Appendix A: a, Case 29; b, 266; c, 143.) 
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a b 

Figure 8.14. Pinedale style designs on Cibola White Ware at Grasshopper Pueblo. a, Group 
4; b, Group 2. (Not to scale; see Appendix A, Grasshopper Pueblo: a, Case 340; b, 339.) 

Design Styles and Compositional 
Variation 

Cibola White Ware design styles from Chodistaas 
Pueblo have several characteristics that unite them as a 
stylistically consistent corpus of vessels. All jars and 
pitchers have two fields of decoration: neck and body. 
The body designs are most commonly framed above and 
below the band of decoration by a thick solid band, and 
occasionally with several thin solid bands, which leave 
the base of the jar unpainted. At Chodistaas, the most 
common neck designs are panels of vertical bars. At 
Grasshopper Pueblo neck decoration is usually more 
elaborate and varied. 

Another important characteristic of this Cibola White 
Ware assemblage is the strong preference for diagonal 
layouts that form diamonds. Diagonally laid out de­
signs, for example, form Puerco style vertical panels or 
Roosevelt style horizontal sections. There is also a 
tendency, observable in numerous Chodistaas pots but 
most evident in Grasshopper Pueblo vessels, to pack or 
fill in all remaining spaces once the primary layout has 
been painted. These secondary elaborations may range 
from single solids to hatched, opposed, or interlocked 
designs. Finally, the variability in creativity, com­
plexity, and execution of designs, even within one com­
positional group or within one particular style, is a 
remarkable feature of the black-on-white assemblage. 

Examination of the design variation in each of the 
three compositional groups defined by INAA indicates 
that Groups 1, 2, and 3 share several stylistic features. 
They all include Tularosa, Puerco, and Roosevelt de­
signs. Furthermore, there is use of specific stylistic 

configurations or schemata (Jernigan 1986) and the rela­
tive balance of solid and hatched designs with its char­
acteristic light (as opposed to bold) effect. Groups 1 and 
3 have Snowflake ribbonlike solid interlocking rectan­
gular scrolls with or without stepped edges. In contrast, 
the large Pinedale solid and hatched interlocking curvi­
linear scrolls are absent in Group 1, but appear in one 
jar (Group 2) from Chodistaas and in four jars from 
Grasshopper Pueblo that belong to Groups 2 and 3. 
This schema, in turn, occurs alone or in combination 
with intricate Kayenta-Tusayan style diamonds in both 
local and nonlocal vessels (Fig. 8.14a, b). 

Group 1 includes all of the single-motif banded Roo­
sevelt designs, but the most complex and elaborated 
Roosevelt designs occur in every nonlocal group. When 
observing the Tularosa style designs from all four 
groups, it is readily apparent that the designs from 
Group 1 have larger hatched and white areas than black 
solid areas. Conversely, Tularosa designs from Groups 
2 and 3 tend to incorporate black solid areas that are as 
large or larger than hatched ones. Also, large Pinedale 
solid-and-hatched vessels of Groups 2 and 3 (including 
Grasshopper Pueblo pots) have a bolder, darker effect 
than vessels of Group 1. The addition of Kayenta­
Tusayan style diamonds with massive black areas or 
negative designs to Pinedale style vessels from Grass­
hopper Pueblo also results in darker designs. Designs in 
Groups 2 and 3, therefore, show a trend in the use of 
color contrast that became a hallmark of Cibola White 
Ware during the Pueblo IV period. 

The variation observed in design styles of black-on­
white vessels from Chodistaas and Grasshopper pueblos 
supports a hypothesis of a temporal shift in the manu-



facture of Cibola White Ware sometime at the end of 
the thirteenth century. The single most important mark­
er of this temporal shift is the appearance of Pinedale 
style designs on black-on-white vessels, particularly 
jars, at Chodistaas and Grasshopper pueblos. 

An aspect restricted to jars from Grasshopper Pueblo 
is the blending of Kayenta-Tusayan and Wingate­
Tularosa stylistic configurations to create an intricate, 
bold Pinedale style. The use of northern stylistic criteria 
is even more evident in the Pinedale style jars from 
Group 4, where rectangular panels and triangular spaces 
filled with Tusayan parallel hatching (Beals, Brainerd, 
and Smith 1945: 104) are often used as focus or filler 
of the designs (Fig. 8.14b). At Chodistaas, "classic" 
stylistic expressions such as Puerco, Snowflake, and 
Tularosa dominate the white ware assemblage, and the 
Kayenta-Tusayan influence is entirely restricted to the 
Roosevelt style. At Grasshopper Pueblo, however, the 
blending of northern and southern stylistic criteria is 
pervasive and constitutes in itself a different style. As 
Colton and Hargrave (1937: 17-18) noted, prehistoric 
Southwestern potters were conservative: they expressed 
their creativity by borrowing and recombining motifs in 
a whole design, as seen in the Pinedale style, while 
keeping the style of elements, motifs, and patterns 
remarkably constant, generation after generation. 

There are two Pinedale style bowls at Chodistaas 
Pueblo and only ten Pinedale Black-on-white bowls in 
the large bowl assemblage from Grasshopper Pueblo. A 
sharp contrast in the degree of stylistic variation can be 
observed between the black-on-white bowl designs from 
the two sites. Designs on bowls at Chodistaas are of 
Puerco (Fig. 8.15a), Tusayan (Fig. 8.15b), Snowflake 
(Fig. 8.15c, d), Roosevelt (Fig. 8.15e), and Pinedale 
(Fig. 8.15.f) styles, and two bowls do not have diagnos­
tic attributes of any particular style (Fig. 8.15g, h). 
Design execution as well as shape and size of these 
bowls also show variability: rim diameter ranges be­
tween 7.5 cm and 30.0 cm, suggesting that they were 
not being manufactured in a standardized fashion. One 
need only examine Pueblo II or early Pueblo III period 
black-on-white bowls to find how consistent the form 
and how elaborate the decoration were during the height 
of their manufacture. This consistency had ceased by 
late Pueblo III times. 

Black-on-white bowls from Grasshopper Pueblo are 
generally smaller than polychrome bowls and are not 
"nestable," as are White Mountain Red Ware bowls 
(Whittlesey 1974). They have one important characteris­
tic that places them apart from Pueblo II and III period 
bowls: their interior and exterior decoration is similar 
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Figure 8.15. Design styles on Cibola White Ware 
bowls at Chodistaas Pueblo; all Group 1 except c (not 
analyzed by INNA). a, Puerco; b, Tusayan; c, d, 
Snowflake; e, Roosevelt; f, Pinedale; g, h, unclas­
sified. (Not to scale; see Appendix A: a, Case 283; b, 
37; c, 50; d, 176; e, 230; f, 148; g, 26; h, 142.) 

to Pinedale Black-on-red bowls rather than to Pinedale 
style Roosevelt Red Ware. Conversely, contemporane­
ous Pinedale Black-on-white bowls from other regions, 
such as the Tonto Basin, are almost identical to Roose­
velt Red Ware (Zedeiio 1992). 
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Were black-on-white bowls being made in certain 
regions while being discontinued in others? Probably 
so, as indicated by the large number of nonlocal 
Pinedale Black-on-white bowls recovered from Roose­
velt-Gila phase sites in the Tonto Basin. However, most 
bowls from Grasshopper Pueblo as well as from Roose­
velt Lake sites were recovered from burials, which 
generally tend to include heirloom items. 

In summary, design variation on Cibola White Ware 
from Chodistaas Pueblo shows that there is a significant 
overlap between styles and procurement sources during 
a restricted period of time: Puerco, Tularosa, Snow­
flake, Roosevelt, and Kayenta-Tusayan styles are pres­
ent in more than one compositional group. On the other 
hand, there is a definite association between sources and 
Pinedale style. Styles on Pueblo IV period Cibola White 
Ware on the Grasshopper Plateau differ from styles on 
late Pueblo III period vessels; Pueblo IV pots, local or 
not, incorporate stylistic criteria not only from other 
black-on-white ceramic traditions but also from contem­
poraneous polychrome traditions on a single pot. The 
sharp contrast between designs on black-on-white ves­
sels from Chodistaas and Grasshopper Spring pueblos 
and on those from Grasshopper Pueblo suggests that the 
coming together of people, materials, and ideas during 
the Pueblo IV period, as exemplified in the aggregation 
at Grasshopper Pueblo, indeed contributed to the blend­
ing of stylistic traditions in fourteenth-century Cibola 
White Ware designs. As Crown (1981a: 359) pointed 
out, the sharp decrease in stylistic variability during 
Pueblo IV times may be reflecting changes in the social, 
and perhaps ritual (Adams 1991b), context of manufac­
ture of decorated vessels. 

This analysis also reveals that prehistoric potters 
were able to manipulate a broad spectrum of designs 
and to readily copy, modify, and blend "foreign" repre­
sentations, such as Kayenta-Tusayan, with their own 
traditional styles. All of this was expressed in a short 
period of time, and perhaps even in a restricted geo­
graphic region. It is reasonable to ask, then, if these 
particular ceramic styles could possibly represent pre­
historic boundaries of any sort, messages encoded in 
designs, or symbols of political, social, or religious 
status. 

We may never be able to achieve the quality of evi­
dence that Haury (1958) produced for a Kayenta migra­
tion at Point of Pines, but, it is clear that the southward 
movement of northern people was felt in many regions 
of the Arizona mountains and that it certainly influenced 
people's ideas on how to decorate black-on-white pot­
tery (Carlson 1970: 109). That the designs on Cibola 

White Ware from Grasshopper Pueblo show a Kayenta­
Tusayan influence even more markedly than those from 
Chodistaas Pueblo only demonstrates that a particular 
stylistic "trend" could be reproduced regardless of tech­
nological traditions and cultural or ethnic boundaries. 
Style, therefore, may be a useful marker of temporal 
change and of the spread of ideas and influences, but it 
is definitely not a good indicator of pottery manufactur­
ing loci at this time period in the Arizona mountains. 
Demonstration of local origin of decorated ceramics 
constitutes a crucial methodological step for construct­
ing any inference based on stylistic attributes. 

Implications for Ceramic Circulation 

Evidence from the Grasshopper Plateau and the Q 
Ranch region (Tuggle and others 1982) indicates that 
Cibola White Ware circulated into the mountain settle­
ments of east-central Arizona from the north during the 
late Pueblo III period. Two mechanisms of ceramic cir­
culation can be postulated: movement of pots and move­
ment of people. There is no evidence to suggest that 
Cibola White Ware was distributed in the mountains 
through a formal trade network, because small mountain 
pueblos of this period did not have the population 
density nor the organizational requirements to sustain a 
constant flow of trade goods. However, the relative 
proximity of these settlements to the probable manufac­
turing localities of some of the Cibola White Ware pot­
tery (less than 100 km, or 62 miles, to the north) may 
have facilitated the movement of black-on-white vessels 
on a fairly regular basis. Considering the mobility or 
short-term sedentism of this time, this pottery could 
have been transported from its sources by the mountain 
settlers, brought into the mountains by people from the 
north, or both. 

The relative abundance of nonlocal Cibola White 
Ware at Chodistaas Pueblo indicates that its inhabitants 
maintained long-distance relationships with communities 
from the Colorado Plateau. It is likely, therefore, that 
these Cibola vessels were acquired through reciprocal 
exchange. This mechanism of circulation of decorated 
ceramics may have served to obtain access to products 
of different ecological zones and to reinforce inter­
community relationships among close and distant settle­
ments. 

That such relationships lasted until at least the first 
decade of the fourteenth century is suggested by the 
presence of black-on-white vessels from a common 
source in Chodistaas Pueblo and contemporaneous set­
tlements, and in Grasshopper Pueblo slightly later. 



Considering the restricted distribution of white-firing 
clays, the interruption in the supply of nonlocal vessels 
could have been related to the abandonment of the com­
munities that used this type of clay to make black-on­
white pottery during the late 1200s. Cibola White Ware 
continued to be used in Grasshopper Pueblo, but by 
then it was manufactured locally and perhaps obtained 
from sources different from the earlier ones. 

I contend that the shift toward local manufacture of 
Cibola White Ware marks two crucial population trends 
that characterized the late Pueblo III to Pueblo IV 
transition period: (1) abandonment of a number of 
regions on the Colorado Plateau followed by southward 
migration, and (2) aggregation of ethnically diverse 
populations in large pueblos. These trends are evident 
in the ceramic record, where a halt in the manufacture 
of Cibola White Ware may have occurred when the re­
gions where this ware was manufactured were aban­
doned; access to white-firing clays probably ended once 
people moved away from their former residences. 

Abandonment and migration likely caused well­
established exchange partnerships and long-distance 
relationships to weaken; continuity in the supply of 
Cibola White Ware from nonlocal sources was definite­
ly broken sometime during the 1300s. Furthermore, the 
shift toward production of local black-on-white vessels, 
distinct from the earlier ones but nonetheless produced 
with similar tempering and firing techniques, seems to 
indicate that this pottery was made or introduced into 
the local ceramic repertoire by people bearing a foreign 
technological tradition. 

WHITE MOUNTAIN RED WARE 

The Circulation of 
St. Johns Polychrome 

St. Johns Polychrome has long been recognized as 
the most widespread of Southwestern pottery types: 
according to Carlson (1970: 37), St. Johns Polychrome 
extends south from Mesa Verde (Colorado) on the north 
to about Casas Grandes (Mexico), and from the Pecos 
River (New Mexico) west to the Chino Valley in west­
ern Arizona. Little is known of its manufacturing loci; 
however, the largest concentrations of St. Johns pottery 
occur in the Cibola area, west-central New Mexico and 
within an 80-km (50-mile) radius of the town of St. 
Johns in east-central Arizona. Outside the core area, St. 
Johns Polychrome is most commonly distributed to the 
south and west, along the Tularosa and San Francisco 
rivers as far south as the Gila River and between the 
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Little Colorado River and the Mogollon Rim. It is rare 
south of the Mogollon Rim (Breternitz 1966; Carlson 
1970; Colton and Hargrave 1937; Gladwin and Gladwin 
1931; Mera 1934). 

Information is meager on ceramic manufacture in the 
Cibola area, thought to have been the most significant 
manufacturing locus of St. Johns Polychrome (Carlson 
1970: 39; Graves 1982: 327). The strongest evidence 
for its manufacture comes from east-central Arizona; at 
Hooper Ranch Pueblo an unfired St. Johns Polychrome 
bowl, clay, and St. Johns sherds had strong mineralogi­
cal similarities (Martin and others 1961: 132). In addi­
tion, petrographic analysis of the earlier Wingate Poly­
chrome from Springerville (Doyel 1984; Rugge and 
Doyel 1980) suggested local production of White Moun­
tain Red Ware in the Upper Little Colorado-Mogollon 
Rim area. St. Johns Polychrome, a type that shows 
some degree of technological homogeneity throughout 
its area of distribution (Bronitski 1986), is technologi­
cally identical to Heshota Polychrome in the Cibola 
area. St. Johns also shows striking affinities to the late 
Pueblo III period Springerville Polychrome (a variety of 
St. Johns), which is distributed along the Upper Little 
Colorado River (Carlson 1970: 39, 44). These affinities 
indicate continuity in manufacturing technology in both 
the northern and southern core areas of this pottery. 

The known manufacturing loci of Cibola White Ware 
and White Mountain Red Ware overlap along the Ari­
zona-New Mexico border, both wares being similar in 
paste composition and design style (Carlson 1970; 
Doyel 1984; Lightfoot and Jewett 1984; Martin and 
others 1961). However, large quantities of locally made 
Cibola White Ware pottery extend beyond the distribu­
tion limits of St. Johns Polychrome. Apparently, the 
manufacture of St. Johns was restricted mainly to the 
Upper Little Colorado-Puerco area and the Upper Gila 
drainages, whereas the contemporary Cibola ware was 
produced locally as far west as the Chevelon drainage 
in central Arizona. St. Johns Polychrome is relatively 
abundant within 40,000 square kilometers (15,440 
square miles) of its presumed production centers, lo­
cated along the Arizona-New Mexico border, but is 
scarce elsewhere (Graves 1982: 319, 327, Appendix 1). 
On the Grasshopper Plateau and in the Cibecue Valley 
only a few St. Johns Polychrome sherds (1 to 5 % ) are 
reported from surface collections; there are only two St. 
Johns Polychrome bowls in the whole-vessel assemblage 
at Chodistaas Pueblo, and another two in the whole­
vessel assemblage at Grasshopper Spring Pueblo. 

The scarcity of Pueblo III period White Mountain 
Red Ware in the Arizona mountains, particularly from 
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the Grasshopper Plateau, may be related to the absence 
of local manufacture of this ware in the regions with 
which mountain settlers maintained reciprocal relation­
ships. At Chodistaas Pueblo, two St. Johns Polychrome 
bowls have gray-buff paste that is different from the 
paste of nonlocal Cibola White Ware vessels. This 
hypothesis is consistent with the inference that Cibola 
White Ware from the Grasshopper Plateau and in the Q 
Ranch region was manufactured in areas farther west 
than the manufacturing loci of St. Johns Polychrome. 
There is reference to local manufacture of Cibola White 
Ware at Pinedale (Haury and Hargrave 1931; Lightfoot 
and Jewett 1984) and at Chevelon (S. Plog 1980; Tug­
gle and others 1982), but not of St. Johns Polychrome. 
On the other hand, the manufacturing loci of the later 
Pinedale Polychrome appear to have been centered in 
the Pinedale area (Lightfoot and Jewett 1984), directly 
north of the Grasshopper Plateau. Daniela Triadan's on­
going research on the production and distribution of 
Pueblo IV period White Mountain Red Ware from the 
Grasshopper Plateau, which entails extensive chemical 
and petrographic analysis, also shows that nonlocal 
White Mountain Red Ware in the region is different 
compositionally from the nonlocal Cibola White Ware 
included in this study. One implication of her findings 
is that Pueblo IV communities participated in networks 
that were established only after A.O. 1300. 

The overall distribution of St. Johns Polychrome 
indicates that exchange of this type of bowl occurred 
mainly within the core production zones and occasion­
ally with peripheral zones; Graves (1982: 329) suggests 
that noncomplex, down-the-line sporadic trading ven­
tures were responsible for the wide distribution of St. 
Johns Polychrome. 

ROOSEVELT RED WARE 

Local Adoption of a Foreign 
Ceramic Tradition 

Roosevelt Red Ware, of which Pinto Polychrome and 
Pinto Black-on-red are the earliest manifestations, was 
first identified and named by Harold Gladwin and Wini­
fred MacCurdy (Gladwin and Gladwin 1930: 5) as a 
ware characteristic of the Salado culture. The presence 
of Salado traits ( cobble masonry, compound walls, 
inhumation, Roosevelt Red Ware, Roosevelt Black-on­
white, paddled plain wares) from the Verde Valley in 
Arizona to southwestern New Mexico, and from the 
Little Colorado River to Casas Grandes (Mexico), has 
stimulated a number of alternative explanations of the 
identity of Salado pottery-making people. The Gladwins 

(1930, 1931, 1934, 1935), and later Haury (1945), con­
sidered Salado pottery to be a product of groups who 
moved from the Little Colorado into the Salt-Gila Basin 
around A.O. 1100 to 1250. Haury proposed that the 
Salado culture emerged from a combined Mogollon­
Anasazi base in the area south of the Mogollon Rim 
(Haury 1945: 205). Mc.Gregor (1941, 1965) also 
viewed the Salado as a polythetic development with 
influences from two or more cultures, most probably 
Mogollon and Anasazi. 

Alternative positions have subsumed Salado under 
the broad term of Western Pueblo (Gumerman and 
Weed 1976; Reed 1948) or have explained Salado occu­
pations in both the Tonto Basin (Doyel 1977; Wasley 
1966; Weaver 1976) and the Salt-Gila Basin (Wood 
1980; Wood and McAllister 1982) as an in situ, evolu­
tionary development of the Hohokam. Finally, many 
archaeologists have viewed Salado as a variant of the 
Sinagua (Schroeder 1952), as a product of influences 
from Casas Grandes (Di Peso 1958; Ferdon 1955; Le­
Blanc and Nelson 1976), or as a mountain Mogollon­
derived manifestation (Young in Lindsay and Jennings 
1968; Whittlesey and Reid 1982b). The confusing char­
acter of the Salado phenomenon, its prominence in con­
temporary archaeological research, and the central role 
of ceramic analysis in Southwestern prehistory require 
a critical evaluation of the introduction and spread of 
Roosevelt Red Ware (Crown 1990, 1994; Crown and 
Bishop 1987; Reid and others 1992). 

Efforts to elucidate the manufacturing loci of 
Roosevelt Red Ware have been concentrated primarily 
on Gila Polychrome, which was made in a number of 
localities during the fourteenth century (Crown and 
Bishop 1987; Danson and Wallace 1956; Di Peso 1976; 
LeBlanc and Nelson 1976; Lightfoot and Jewett 1984). 
The origin of the earliest Roosevelt Red Ware, how­
ever, was practically unknown until recently. 

According to Doyel and Haury (1976: 128) a "Pinto 
Polychrome horizon," that is, the occurrence of this 
type without Gila Polychrome, has been recorded at 
Point of Pines, Grasshopper, Vosberg, and the Tonto­
Globe areas. Results of chemical and petrographic anal­
yses of Pinto Polychrome sherds from Point of Pines, 
Besh-Ba-Gowah (Globe), and the Vosberg Valley, in 
central Arizona, are currently interpreted by White and 
Burton (1992) as representing local production of Pinto 
bowls within each of these regions and also perhaps 
importation from a manufacturing center located above 
the Mogollon Rim. Their data accord with the hypothe­
sis of a northern origin of Pinto Black-on-red and Pinto 
Polychrome. 



The Gladwins thought that Pinto Polychrome 
"appeared full-fledged as an outgrowth of the Little 
Colorado Culture" (Gladwin and Gladwin 1931: 48) as 
a result of people moving southward from the Middle 
Little Colorado into the Tonto-Roosevelt region. Mera 
(1934), on the other hand, based his argument of an 
Anasazi origin of this pottery on the stylistic similarities 
between Pinto Polychrome and St. Johns Polychrome 
and on the technological similarities of Pinto Poly­
chrome with Woodruff Brown Ware in northeastern 
Arizona. Mera observed that Pinto Polychrome was 
almost identical to Showlow Black-on-red, a Pueblo II 
carbon paint type of brown ware technology. This 
ceramic sequence, Woodruff Brown-Showlow Red 
Ware-Pinto, has been recently examined and reinforced 
with additional technological and stylistic data from the 
Zuni region (Fowler 1989; Fowler and Sant 1990). 

Although the proposed sequence may approximate 
the probable evolutionary development of Roosevelt 
Red Ware, no one to date has identified locally made 
Pinto Polychrome or Pinto Black-on-red in sites located 
on the Colorado Plateau. All the available information 
on the provenience of these types comes from sites on 
the Mogollon Rim. The technological and stylistic char­
acteristics of the Roosevelt Red Ware assemblage at 
Chodistaas Pueblo are undoubtedly "Anasazi," but a 
large number of them were manufactured on the Grass­
hopper Plateau. The information presented below sug­
gests that Roosevelt Red Ware technology and style 
were adopted by local potters as a result of direct 
contact with immigrants from the north. 

Roosevelt Red Ware at 
Chodistaas Pueblo 

Chodistaas Pueblo currently provides the most 
complete and accurately dated early Roosevelt Red 
Ware assemblage in the Southwest; 8 Pinto Polychrome 
and 32 Pinto Black-on-red complete and partial bowls 
make up 35 .4 percent of the decorated assemblage and 
12.1 percent of the total whole-vessel assemblage. 
Detailed investigation of Roosevelt Red Ware centered 
on its provenience and time of appearance at Chodis­
taas. Vessels of Pinto types seemingly appeared sud­
denly sometime after A.D. 1285. Comparison of floor 
vessels with surface sherds revealed that within less 
than five years Cibola White Ware bowls were almost 
completely replaced with Pinto bowls. This replacement 
was pervasive, as indicated by the distribution of Pinto 
bowls throughout Chodistaas Pueblo and by the low 
numbers of Cibola White Ware bowl sherds in the sur-
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face collection and excavated assemblages from Grass­
hopper Pueblo (Montgomery and Reid 1990: 93, 95, 
Table 2). 

Information on the chemical composition of Pinto 
bowls from Chodistaas Pueblo indicates that the vessels 
represent both local and nonlocal sources. The charac­
teristics of these bowls (in particular, design style, 
temper technology, and carbon paint) and the circum­
stances of their appearance on the Grasshopper Plateau 
suggest that Roosevelt Red Ware was adopted in the 
Arizona mountains as a result of a movement of people 
from north of the Mogollon Rim. Roosevelt Red Ware 
technology may have been readily assimilated by local 
potters once Cibola White Ware bowls were no longer 
available (Reid and others 1992). Stylistic, composi­
tional, and technological data support this hypothesis. 

Design Style 

Pinto Black-on-red and Pinto Polychrome bowls are 
strikingly homogeneous in design style: all but four 
Pinto Black-on-red bowls are decorated in the Pinedale 
style, in the tradition of Wingate and Tularosa designs 
on White Mountain Red Ware (Carlson 1970: 93, Fig. 
49). As Crown (1981a: 305-306) observed, Pinedale 
designs on these bowls are characterized by large solid 
and hatched curvilinear scrolls repeated two, three, or 
four times. This is probably one of the earliest and best 
dated occurrences of the Pinedale style in the South­
west. Four bowls are painted in the Tularosa style, with 
solid and finely hatched rectilinear units. Two black-on­
red bowls also have white and black ribbonlike designs 
on the exterior, respectively, a variant that is also found 
on Pinto bowls from Grasshopper Spring Pueblo and 
that is characteristic of St. Johns Polychrome. The 
homogeneity in Roosevelt Red Ware design styles 
(Figs. 8.16, 8.17) has been interpreted by Crown 
(1981a: 366; 1994) as being functionally related, per­
haps indicating manufacture under ritual constraints or 
production for exchange. 

Temper Technology 

The most obvious characteristic of Roosevelt Red 
Ware from Chodistaas Pueblo is its homogeneity: in 
paste color, red slip color, shape, and paint. In essence, 
the only variable aspect of the manufacture of Pinto 
Black-on-red and Pinto Polychrome bowls is temper 
technology (Table 8.4). Microscopic analysis of retired 
sherds indicated that sherd-tempered bowls (19, 47.5% 
of all Pinto in the assemblage) have minute amounts of 
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Figure 8.16. Roosevelt Red Ware design styles on Pinto Black-on-red bowls 
at Chodistaas Pueblo. (Not to scale; see Appendix A: a, Case 49; b, 9; c, 
242; d, 206; e, 214; f, 189; g, 58; h, 201; i, 204; j, 107; k, 207; l, 100.) 
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Figure 8.17. Roosevelt Red Ware design styles on Pinto Polychrome bowls at 
Chodistaas Pueblo. (Not to scale; see Appendix A: a, Case 86; b, 22; c, 59; d, 12.) 
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Table 8.4. Temper Types in Pinto Black-on-red and 
Pinto Polychrome Bowls 

Sherd + Quartz Diabase+ 
Bowls (n = 34) Sherd quartz sand sand quartz sand 

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

Pinto Polychrome 2 3 2 
(n = 7) 

Total 19 6 8 

quartz. By observing carefully the white sherd temper 
particles it was noticed, in turn, that these were origi­
nally tempered with ground, pink-orange sherds, as are 
a number of Cibola White Ware vessels in the assem­
blage. Six sherd-tempered bowls (15% of all Pinto) 
have equal amounts of quartz and ground sherd temper. 
Sand-tempered bowls, on the other hand, present the 
same range of variation observed in the temper of gray 
corrugated pots: all variants of Temper Type 2 are 
represented in the eight bowls (20% of all Pinto). Only 
one Pinto Black-on-red bowl has diabase-sand temper 
(Type le). 

The presence of two distinctive temper technologies, 
ground sherds and sand admixtures, in a ware that 
entered the room assemblages at Chodistaas a few years 
before abandonment, suggests that mountain potters 
were able to readily incorporate Roosevelt Red Ware, 
a ceramic tradition of northern affiliation, into their 
own repertoire once black-on-white bowls were no 
longer available. 

Analytical Sources: INAA 

Sixteen samples of Pinto Black-on-red and Pinto 
Polychrome bowls were submitted to INAA analysis 
(Fig. 8.18). A Principal Component analysis of these 
and other samples from corrugated vessels and clays 
indicates that 13 Pinto bowls show strong chemical 
similarities with Cluster 2, which includes local black­
on-white pottery, brown and gray corrugated, red plain 
vessels, and three clays. Of the 13 bowls, 2 are tem­
pered with sand, 10 with crushed sherds, and 1 with 
sand and sherds. One additional sample is in Cluster 1 
and two are outliers. 

The chemical composition of these bowls mirrors the 
variability observed in local undecorated wares. What 
is most interesting from this pattern is that the over­
whelming majority of samples are compositionally simi­
lar to gray corrugated and local Cibola White Ware, 
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suggesting that Roosevelt Red Ware was made under 
technological criteria (with sherd temper and organic 
paint) similar to wares that were not originally part of 
the mountain technological tradition. The decorated and 
undecorated pots, the technical knowledge to make 
these pots, or both, may have been introduced on the 
Grasshopper Plateau through reciprocal exchange with 
immediate neighbors as well as through a movement of 
people. 

Firing Technology 

Refiring of 17 sherds from Pinto Black-on-red and 
Pinto Polychrome bowls at different temperature inter­
vals indicated that this ware was fired in a partially 
oxidizing atmosphere. Original dark cores began to 
oxidize at temperatures that ranged between 550°C 
(1022°F) and 700°C (1292°F), which was similar to the 
atmosphere and temperature range obtained for corru­
gated and plain wares (Chapter 6, Table 6.4). Organic 
paint in the bowl interiors began to fade around 500°C 
and to disappear above 700°C, which is the approxi­
mate temperature needed to completely volatilize carbon 
(Rice 1987: 88). The desire to maintain carbon-painted 
designs on interior surfaces, therefore, required that 
Roosevelt Red Ware bowls be fired at low temperatures 
that nonetheless allowed the oxidation of red iron-based 
slips on black-on-red bowls. Blackened surfaces and 
faded paint are common in the Roosevelt Red Ware 
assemblage, suggesting that perhaps potters were exper­
imenting with firing technology (Crown 1981a: 366). 
This observation should be taken with caution, how­
ever, because fire-related changes in the appearance of 
these bowls also could have resulted from the burning 
of the pueblo. 

Low-temperature firing produced heavy, relatively 
soft, and highly breakable Pinto bowls. Mohs hardness 
scale was 3 to 4 for Pinto bowls and 5 to 7 for black­
on-white bowls. Similarly, a Pinto bowl with a maxi­
mum diameter of 26.0 cm weighs approximately 300 
grams more than a black-on-white bowl of the same 
dimension. Preliminary strength tests by Mark Neupert 
(Reid and others 1992), measuring the modulus of rup­
ture of sample sherds, indicated that early Roosevelt 
Red Ware bowls were 40 percent less resistant to cata­
strophic impact than were Cibola White Ware bowls. 
The combination of raw materials and moderately high 
firing temperature is a technological factor that may 
have contributed to the production of a lightweight, 
hard, and breakage-resistant Cibola White Ware, better 
suited for transport than Roosevelt Red Ware. 
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Figure 8.18. INAA: Compositional similarities among Roosevelt Red Ware, 
corrugated wares, and local clays, as defined by principal components. 

Cibola White Ware required a control of firing tech­
nology to reduce black iron paint without blackening the 
white surface background, and Roosevelt Red Ware 
required that temperatures be kept low and atmospheres 
neutral in order to avoid the volatilization of organic 
pigments. Both technologies, although distinct, are 
derived from the Colorado Plateau ceramic traditions 
such as the Little Colorado and Tusayan white wares 
and Showlow Red Ware. 

Although the manufacture of Roosevelt Red Ware, a 
low-fired, incompletely oxidized ware, required no truly 
specialized technology, it did introduce innovations into 
the mountain ceramic tradition. By the A.D. 1300s, this 
ware was made locally in almost every inhabited region 
of the mountains and desert basins in Arizona. 

Did early Roosevelt Red Ware circulate in a manner 
similar to Cibola White Ware? The fragility of Pinto 
bowls argues against regular long-distance movement, 



but these red ware vessels could have circulated among 
immediate neighbors, as suggested for gray corrugated 
ware. Because groups from the Colorado Plateau aban­
doned their villages and came to the mountains at the 
end of the thirteenth century, it is reasonable to propose 
that immigrants brought bowls with them or manufac­
tured Pinto bowls with local raw materials. Ethnic 
coresidence, in tum, stimulated local potters to adopt 
"foreign" design styles and technical practices such as 
sherd-temper and organic paint. 

To conclude this chapter, it should be underscored 
that the painted and polished wares present in the 
whole-vessel assemblage at Chodistaas Pueblo illustrate 
the operation of different mechanisms of circulation. 
Cibola White Ware probably was obtained regularly 
through reciprocal exchange with communities located 
north of the Mogollon Rim. 
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White Mountain Red Ware, the classic "trade" ware, 
is poorly represented at Chodistaas Pueblo and many 
other sites in the Arizona mountains, indicating that 
during the thirteenth century small mountain communi­
ties obtained St. Johns Polychrome bowls through spor­
adic, "down-the-line trading ventures" (Graves 1982: 
329). Roosevelt Red Ware, on the other hand, is a key 
indicator of the movement of people from the north into 
the Arizona mountains. At Chodistaas Pueblo both local 
and foreign technologies were detected in Pinto bowls, 
suggesting a local adoption of this ware that perhaps 
was a result of direct contact between potters of differ­
ent cultural and ethnic backgrounds. That all these 
wares can be traced to the Colorado Plateau indicates 
either that mountain and plateau populations were simi­
lar or that they maintained strong relationships through­
out the late Pueblo III period. 



Archaeological Ceramics and 
Prehistoric Behavior 

Prehistoric pottery contains information on the flow 
of people, materials, and ideas through time and 

space and is the most useful artifact category that 
archaeologists have at hand for reconstructing behavior 
in village-farming societies. Valuable insights on issues 
of prehistoric economics, demography, social inequal­
ity, and ritual may be ascertained once the specific 
behaviors that generated ceramic variation are under­
stood. Identifying local and nonlocal ceramics is the 
first step for decoding ceramic variation. 

This report has a strong focus on the methodological 
aspects of ceramic analysis. The research was originally 
designed to explore and expand the study of design 
style, technology, and physical-chemical composition 
for distinguishing local from nonlocal pottery. Chodis­
taas Pueblo, a small, exceptionally well-dated, and well­
preserved site, provided an ideal ceramic assemblage 
for refining methods of pottery analysis and for gaining 
insights into the nature of ceramic variability (Chapter 
4). The wealth of information on the prehistory of the 
region and on ceramic-related behavior that this basic 
exercise produced was unanticipated. The assemblage 
from Chodistaas Pueblo provided answers to many 
questions about the specific mechanisms of ceramic cir­
culation. Even though this study did not explore the full 
range of cultural and behavioral information that archae­
ologists discern from prehistoric pottery, it opened new 
avenues of inquiry that are worthy of a detailed review. 

In this concluding chapter, it is useful to reemphasize 
the importance of understanding the transfer of stylistic 
and technological information when interpreting com­
plex patterns of ceramic variation and their behavioral 
correlates. In the sections below I underscore the main 
contributions of the study of the Chodistaas ceramic 
assemblage for reconstructing regional prehistory and 
the value of ceramics for addressing current issues in 
Southwestern prehistory. 

CHAPTER NINE 

CHODISTAAS PUEBLO 
IN PERSPECTIVE 

More than a decade ago, Crown emphasized the 
unique potential of Chodistaas Pueblo and its whole 
vessel assemblage for investigating aspects of prehis­
toric behavior. The assemblage provided information on 
contexts of pottery manufacture, use, and ownership 
that could not be inferred from sherd collections and 
discard contexts (Crown 1981a: 379). The unusual cir­
cumstances surrounding the abandonment of Chodistaas 
are but one example of the processes that resulted in the 
formation of its remarkable ceramic record. 

Chodistaas Pueblo illustrates a broad spectrum of 
behaviors that likely characterized many prehistoric 
Southwestern communities of similar size, date, and 
level of economic and sociopolitical development. For 
those archaeologists who are interested in the prehistory 
of small, short-lived communities, whose inhabitants 
practiced hunting, gathering, and cultivation in marginal 
environments, Chodistaas provides a model for deriving 
inferences about a way of life that was pervasive in 
most regions of the northern Southwest and throughout 
most of the prehistory of the area. For those concerned 
with the adequacy of gradualistic notions of change, 
Chodistaas represents a strong case in prehistory where 
episodic, rapid change can be closely monitored from 
the ceramic record. For archaeologists who study pre­
historic pottery in other areas of the world, the study of 
ceramics from Chodistaas offers a comparative model 
of the mechanisms of transfer of information on style 
and technology. 

The Chodistaas Pueblo ceramic assemblage provides 
useful comparative information on pottery manufacture 
and circulation during the late Pueblo III period. In this 
research, I have attempted to reconstruct the behaviors 
that brought ceramics into Chodistaas and contemporan-
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Figure 9 .1. Local and nonlocal ceramics at Chodistaas Pueblo. 

eous settlements on the Grasshopper Plateau. If my 
interpretation of the information presented here is 
correct (Fig. 9. 1), then Chodistaas Pueblo illustrates a 
case in which a small, short-lived mountain community 
obtained at least one-third of its pots from close as well 
as from distant neighbors. Practically all Cibola White 
Ware, White Mountain Red Ware, and many gray cor­
rugated and red plain vessels are nonlocal. Although 
Chodistaas potters were able to produce vessels similar 
to those obtained from other sources, they had a strong 
preference for manufacturing a relatively limited but 
consistent repertoire of unpainted, painted, and red­
slipped brown corrugated pottery. Evidence concerning 
the manufacture of Roosevelt Red Ware at Chodistaas 
is especially intriguing, because its interpretation 
requires a consideration of broad interregional processes 
such as migration and ethnic coresidence as the princi­
pal agents for the transfer of information necessary for 
producing this ware locally. 

Pots circulated onto the Grasshopper Plateau, specifi­
cally into Chodistaas Pueblo, through at least three 
mechanisms: sporadic trading episodes, reciprocal ex­
change among relatively mobile communities, and 
movement of people into the region. This reconstruc-

tion, in turn, accords with current notions of prehistoric 
adaptations of mountain communities during the late 
A.D. 1200s. 

Based on information gathered from recent excava­
tions at Grasshopper Spring Pueblo, site AZ P: 14: 197 
(ASM), and from a survey and study of surface ceram­
ics from late Pueblo III sites at Q Ranch, Grasshopper, 
Cibecue, Forestdale, and Corn Creek (Reid and others 
1993), I suggest that many of these sites approximate 
Chodistaas Pueblo in the diversity of their pottery and 
that processes similar to those outlined for Chodistaas 
may have brought nonlocal pots to many contemporane­
ous mountain settlements. 

The evidence from Chodistaas Pueblo contributes to 
the growing consensus among Southwestern archaeolo­
gists that ceramic containers circulated within and be­
tween regions on a fairly regular basis, regardless of 
settlement size, degree of residential stability, or rela­
tive proximity of a community to large population cen­
ters (Chapter 1). That the nature and scale of exchange 
relationships changed significantly after aggregation 
occurred cannot be denied. However, the fact that large 
numbers of nonlocal pots were recovered from a 20-
room pueblo occupied for only 40 years indicates that 
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distributions of nonlocal ceramics alone are not evi­
dence of sociopolitical complexity. Rather, the relative 
abundance of nonlocal ceramics in small settlements 
may be signaling reciprocal relationships among pre­
historic communities whose survival largely depended 
on their ability to establish and maintain a system of 
social interactions. This network facilitated exploitation 
of diverse resources in a marginal environment. Resi­
dential mobility was a common adaptive strategy of 
small mountain communities, and it is likely that people 
carried pots from one residence to another and that they 
manufactured their traditional pottery with raw mate­
rials available in their new residential location. A 
corollary process is ethnic coresidence and the transfer 
of pottery-making knowledge. 

Chodistaas Pueblo, then, represents a most unusual 
archaeological case in which formation processes re­
sulted in perhaps the best preserved and most complete 
ceramic record in the American Southwest. Such excep­
tional conditions for data recovery and analysis proved 
invaluable for obtaining strict chronological control that, 
in turn, was essential for reconstructing aspects of pre­
historic behavior that may not be at all visible under 
less favorable circumstances. Long-term research at 
Chodistaas made it possible to obtain a sample of whole 
vessels that closely approximates a population, thereby 
providing a solid data base for constructing inferences 
about ceramic-related behavior. Chodistaas Pueblo is, 
in this sense, a rare finding. However, I believe that 
many of the behaviors that brought ceramics to Chodis­
taas are not unique; on the contrary, the site illustrates 
processes of ceramic manufacture and circulation that 
were common to other contemporaneous communities 
in the mountains of east-central Arizona, and the anal­
ysis of Chodistaas pots provides comparative data for 
future research in the area. 

A REVIEW OF METHODS 
AND TECHNIQUES 

Establishing a direct connection between prehistoric 
pottery and the populations who made and discarded it 
requires the use of an analytic unit that conveys techno­
logical variation relevant for identifying local and non­
local ceramics (Chapter 2). Wares may be viewed as 
analogous to "natural" groups, in the sense that they 
allow the partition of an assemblage into few, obviously 
distinct, groups of vessels. The all-inclusive quality of 
wares facilitates the isolation and comparison of aspects 
of ceramic manufacture common to more than one ware 
as well as those restricted to a single ware. This inclu-

siveness proved to be extremely useful for ready identi­
fication of nonlocal wares, such as Cibola White Ware, 
that had unique technological characteristics when com­
pared with the remainder of the assemblage. Similarly, 
identification of technological and compositional varia­
tion within a single ware helped to isolate local and 
nonlocal aspects of Roosevelt Red Ware technology, on 
which the hypothesis of local manufacture of a foreign 
tradition was built (Chapter 8). Ware provided sufficient 
analytical flexibility to isolate only those aspects of 
variation that were relevant for identifying local and 
nonlocal ceramics. However, ware did not always cor­
relate with provenience and could not be used for mak­
ing a priori inferences about manufacturing loci. The 
unit does serve, then, as a preliminary classificatory 
criterion, which subsequently must be tested by compo­
sitional analysis. This observation is critical for further 
research, because it cautions against "visual" identifica­
tions of local and nonlocal ceramics. 

Analysis of the manufacturing technology of vessels 
from Chodistaas Pueblo covered a wide range of attri­
bute variability in all wares and was complemented by 
experimental and statistical testing. Analysis of the de­
sign styles of decorated pots was limited to qualitative 
assessment of design style variation in Cibola White 
ware, and many of the observations derived from it may 
not be directly applicable to other wares nor to other 
assemblages that lack whole vessels. Nonetheless, the 
analysis illustrates the wealth of information that com­
plete designs may provide and the inherent danger of 
deriving inferences about style-related past behavior 
solely from fragmentary materials. 

The research was designed originally to include a 
detailed study of compositional variability encountered 
in a single site occupied for a short time interval. 
Therefore, a number of analyses (qualitative petro­
graphy, _INAA, and ICP) were carried out simultane­
ously on a large number of samples. The results showed 
that complementary information on qualitative petro­
graphy and paste chemistry are needed when identifica­
tion of raw material sources and the establishment of a 
direct correlation between those sources and the prehis­
toric pottery are essential for meeting research goals. In 
the Chodistaas Pueblo case, where each ware presents 
a particular set of questions regarding its manufacturing 
loci, the need for conducting a complete compositional 
analysis varied from ware to ware. For example, the 
results revealed that petrographic analysis would have 
sufficed for identifying the local brown corrugated 
ware, but it would have been insufficient for establish­
ing local manufacture of Roosevelt Red Ware. This 



analysis underscores the importance of a preliminary 
assessment of the variability present in ceramic paste 
(Bishop, Rands, and Holley 1982) and of careful selec­
tion of a particular analytical method. 

Similarly, the methods followed for locating and 
sampling potential raw material sources must be tailored 
according to the particular geographic and geological 
characteristics of the region under study and to the 
nature of prehistoric settlement patterns. Arnold's 
(1985) cross-cultural analysis of the procurement of raw 
materials for ceramic manufacture provided valuable 
criteria for conducting the survey. I was fortunate to 
have been able to locate and sample clay and temper 
sources that matched the clays and vessels used 
prehistorically. However, the information obtained from 
the clay survey and compositional analysis indicates that 
a resource procurement area larger than the one sug­
gested by Arnold's research may have been exploited in 
the past and that future research in neighboring regions 
is necessary for rounding out the present study. 

TRANSFER OF CERAMIC INFORMATION AND 
RECONSTRUCTION OF BEHAVIOR 

Some of the most useful information obtained from 
this research bears on the mechanisms of technological 
and stylistic transfer. Technology and style are the two 
fundamental dimensions that archaeologists use to parti­
tion variation in a ceramic assemblage, and the behav­
iors involved in the generation of variability across 
these dimensions must be well understood. As discussed 
in Chapter 5, the transfer of technology, a complex 
system of knowledge and experimentation, requires a 
direct "teaching framework" (Schiffer and Skibo 1987) 
in which the sequence of behaviors that result from 
specific technical and cultural choices cannot be learned 
by visual inspection but only from direct interaction 
among potters. In the American Southwest, long-lived 
technological traditions resulted from the intergenera­
tional transmission of this knowledge. 

Through the observation of differences in manufac­
turing technologies of several ceramic wares, I was able 
to detect definite indicators of technological traditions 
that were foreign to mountain potters. Tempering 
ceramic paste with crushed sherds has long been recog­
nized as common practice among prehistoric potters on 
the Colorado Plateau. The presence of sherd temper in 
Roosevelt Red Ware and Cibola White Ware, therefore, 
was interpreted as evidence of northern technology. At 
least in the case of Cibola White Ware, manufacturing 
technology, paste composition, and information on the 
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regional geology were used to infer that the ware was 
manufactured north of the Mogollon Rim. In the case of 
Roosevelt Red Ware, in which a match was found be­
tween local clays and a group of Pinto bowls, a more 
complex inference that involved movement of people 
into the region around the estimated time of appearance 
of this ware is postulated. Although compositional anal­
ysis accurately measures variability in procurement 
sources of prehistoric pottery, technological information 
is indispensable for recognizing culturally determined 
behaviors involved in ceramic manufacture. 

Cibola White Ware design styles crosscut three ana­
lytical sources and are similar to styles displayed on 
black-on-white and polychrome vessels made in several 
regions, suggesting that there is no apparent correlation 
between design variation and manufacturing loci. An 
important implication of this observation is that stylistic 
information in the prehistoric Southwest crossed ethnic 
and territorial boundaries, and that styles could be read­
ily incorporated into any ceramic tradition with or with­
out direct contact between potters. Prehistoric potters 
were able to create new design styles, such as Pinedale, 
in short periods of time, by copying foreign motifs and 
recombining the newly acquired stylistic criteria with 
their own traditional designs. The widespread distribu­
tion of design styles displayed on pottery as well as on 
other decorated items argues against the existence of re­
strictive mechanisms for the transfer of such informa­
tion in at least some contexts in the prehistoric 
Southwest. 

Consider, for example, how much effort has been 
placed on identifying socially significant patterns of 
design variation in the archaeological record. For at 
least a decade, Southwestern archaeologists recorded 
countless design elements and motifs, looking for pat­
terns of social organization, community interaction, 
boundaries, and social distance, but, as Stephen Plog 
(1980: 124) has pointed out, to date no one has ade­
quately demonstrated that such patterns existed. It is 
revealing that patterned distributions of ceramic designs 
do not appear among settlements that are located less 
than 50 km to 80 km (30 to 50 miles) apart, whereas 
consistent differences in ceramic technology may be 
established between communities located less than 10 
km (6 miles) apart. 

Failure in explaining ceramic design variation in the 
American Southwest is not only a result of incorrect 
assumptions about the provenience of the ceramics 
under study, lack of examination of formation pro­
cesses, or spurious use of statistical testing; it is the 
result of indiscriminate application of ethnographic anal-
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ogy and theoretical constructs to the ceramic record 
without an adequate understanding of the behaviors that 
produced such variation. What was observed in Cibola 
White Ware designs fits well with what Colton and 
Hargrave observed back in 1937: that style is a sensitive 
marker of temporal change and of the transfer and 
acceptance of ideas among culturally and ethnically 
diverse groups of people. On the other hand, many 
answers to archaeological issues that require the estab­
lishment of a direct connection between prehisto~ic 
pottery and its makers ( ethnicity, boundary main­
tenance, population movement) can be found in the 
ceramic technology, by tracing the development of tech­
nological traditions, their distribution in space, and the 
patterns of transfer of technological knowledge. It was 
perhaps through technology rather than style that pre­
historic Southwestern societies expressed their social 
and cultural distinctions. 

CHODISTAAS PUEBLO CERAMICS 
AND REGIONAL PREHISTORY 

Chodistaas Pueblo was occupied during a critical 
period in Southwestern prehistory. The last decades of 
the thirteenth century witnessed changes in subsistence 
strategies, demographic shifts, and social reorganization 
in broad areas of the northern Southwest that culmi­
nated in the aggregation of culturally and ethnically 
diverse peoples in large mountain pueblos. The char­
acter of the late Pueblo III period in the Arizona moun­
tains is highlighted by episodes of sudden change that 
immediately preceded the aggregation period. These 
episodic changes left subtle material evidence that can 
be recovered only when temporal and contextual asso­
ciations are well controlled, and when formation pro­
cesses are incorporated into archaeological analysis and 
interpretation. 

At Chodistaas Pueblo, where these analytical condi­
tions are met, it was possible to monitor episodic 
changes from the ceramic assemblage. Research by 
Montgomery and Reid (1990) identified an instance of 
rapid replacement of Cibola White Ware bowls by Roo­
sevelt Red Ware bowls sometime after A.D. 1285. Ex­
ploring the provenience of these wares allowed me to 
postulate a probable correlation between the replace­
ment event and temporal shifts in the manufacture of 
Cibola White Ware and incorporation of Roosevelt Red 
Ware into the local ceramic tradition. Changes were 
thus evident not only in the replacement of one ware by 
another, but in specific discontinuities in paste compo­
sition, technology, and design style. 

This instance of episodic change appears to have 
been symptomatic of demographic reorganization that 
resulted from the abandonment of many areas on the 
Colorado Plateau and the movement of people into the 
mountains. Ceramic replacement did not go unnoticed 
by Haury and Hargrave (1931) at the Pinedale Ruin. 
The Gladwins (Gladwin and Gladwin 1934) and Haury 
(1945) thought that the appearance of Roosevelt Red 
Ware in the Arizona mountains was directly related to 
population movement from the north. More recently, 
Carlson (1970: 224) and Graves (1982: 333) observed 
that design styles on Southwestern pottery were ex­
tremely sensitive to demographic shifts and concomitant 
discontinuities in regional ceramic traditions between 
A.D. 1275 and 1300. The episodic events recorded in 
the ceramic assemblage from Chodistaas Pueblo, there­
fore, are by no means unique, but stand as an excellent 
example of one of the major trends that characterized 
the last decades of the thirteenth century. 

Identification of nonlocal ceramics at Chodistaas 
Pueblo revealed that this small community, located in 
an isolated backwoods area, maintained contact with 
communities to the north, east, and west of the Grass­
hopper Plateau. Cibola White Ware was acquired regu­
larly throughout the occupation of Chodistaas, until the 
pueblo burned. As Reed (1958: 7), and more recently 
Johnson (1989: 384) observed, long-term, long distance 
relationships established among relatively mobile popu­
lations probably influenced migration routes and choices 
of destinations and formed the basis for the development 
of trade networks during the fourteenth century. 

Temporal discontinuities in the manufacture of Cibo­
la White Ware on the Grasshopper Plateau are strongly 
correlated with the abandonment of northern settlements 
and subsequent migration of northern people into the 
Arizona mountains. Similarly, the introduction and 
spread of Roosevelt Red Ware appears to have been 
brought about by direct interaction or ethnic coresidence 
of plateau and mountain potters. On the other hand, it 
was not until the establishment of Grasshopper Pueblo 
that mountain communities began to participate regu­
larly in the trade network that distributed White Moun­
tain Red Ware. Thus, the vessels from Chodistaas illus­
trate different mechanisms of ceramic circulation in 
operation during the late A.D. 1200s, and the assem­
blage is a good indicator of the intensity and diversity 
of intercommunity relationships. 

One particular case of intercommunity relationships 
that should be explored in further research is suggested 
by the compositional and technological differences be­
tween brown corrugated and gray-orange corrugated 



pottery. I interpreted these ware differences as indi­
cating reciprocal relationships between Chodistaas 
inhabitants, their Cibecue neighbors, and perhaps other 
nearby community residents. That these relationships. 
existed is not unlikely, considering the geographical 
proximity between Grasshopper and Cibecue settle­
ments. What is significant from the "ceramic" perspec­
tive is the possibility that interacting communities that 
otherwise shared a number of material culture traits 
(masonry, settlement orientation, room layout, and pres­
ence or absence of decorated and undecorated wares) 
appear to have had different ceramic technologies. 

Consistent technological differences that go beyond 
the exploitation of immediately available raw material 
sources suggest a number of behavioral possibilities. 
One possibility is the existence of cultural or ethnic 
differences manifest in ceramic manufacture. As dis­
cussed previously, archaeologists generally acknowledge 
that ceramic technology is a diagnostic aspect of cul­
tural or ethnic affiliation. However, the preservation of 
side-by-side technological differences in ceramic manu­
facture among settlements with otherwise similar cul­
tural traits may be signaling the persistence of separate 
teaching frameworks. Restricting the flow of technologi­
cal information to specific residential groups may have 
allowed interacting communities to maintain boundaries 
and acknowledge social distance. If this interpretation is 
correct, then technology transfer was restricted not just 
between broad archaeological areas such as the Colora­
do Plateau and the Mogollon Rim, but between local­
ities less than 10 km (6 miles) apart. 

It is less clear where the manufacturing loci of other 
nonlocal wares were situated. Nevertheless, the correla­
tion between ceramic paste composition of these wares 
and regional geology suggests that Chodistaas settlers 
obtained some of their ceramics from near as well as 
relatively distant regions (within 100 km, 62 miles). In 
this case, the distinction of local versus nonlocal ceram­
ics was not just a "binary" issue, but became an issue 
of scale, in which undecorated wares may represent 
interaction among immediate and close neighbors, and 
decorated wares may signal long-distance community 
relationships. 

To summarize, identifying local and nonlocal pottery 
from Chodistaas Pueblo constituted a crucial starting 
point for building inferences about the mechanisms of 
ceramic circulation, such as reciprocal exchange and 
population movement (mobility as well as migration) 
and their relevance for delineating intercommunity 
relationships and episodic change during a critical 
transitional period in the prehistory of the Grasshopper 
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Plateau. The range of variation encountered in the Cho­
distaas ceramic assemblage is not an exception, but one 
important characteristic of many late Pueblo III moun­
tain settlements that have assemblages with great poten­
tial for reconstructing aspects of this transition. 

SOUTHWESTERN POTTERY AND 
PREHISTORIC BEHAVIOR 

Redefining large-scale, interregional developments in 
the prehistory of the American Southwest is the central 
goal of contemporary Southwestern archaeology. This 
goal does not imply the abandonment of intrasettlement 
or small-scale research, but it requires an evaluation of 
even the most restricted data sets in light of major 
trends that characterized prehistoric developments at 
different times. For example, current emphasis on the 
reevaluation of the "Salado Culture" requires that infor­
mation from three major areas of the Southwest, pla­
teau, mountains, and desert basins, be pieced together 
in order to uncover the origins and spread of this pre­
historic phenomenon. The technological analysis of 
Roosevelt Red Ware from Chodistaas Pueblo provides 
valuable information on this subject. 

As has been demonstrated, ceramics play a pivotal 
role in investigating developments such as the Salado, 
with its multiregional evolvement. Because ceramic 
manufacture is both restricted and enhanced by natural 
environment, cultural choice, technical knowledge, and 
stylistic behavior, ceramic materials constitute the 
"fingerprint" of a particular group of pottery-making 
people. In the American Southwest, where demographic 
dynamics (mobility, abandonment, migration, aggrega­
tion) are at the core of archaeological interpretation, 
ceramics have proved especially useful for tracing the 
movement and identifying coresidence of culturally and 
ethnically diverse groups. Similarly, determining the 
direction and timing of ceramic exchange is currently 
considered crucial for understanding the interregional 
economic and sociopolitical organization of prehistoric 
Southwestern communities. Here, too, the establishment 
of a direct connection between pottery and people is 
necessary for delineating the dynamics of production 
and distribution of ceramic materials and for tracing the 
spread of ideas and influences encoded in them. 

Pottery also provides information on transitions and 
episodic changes in prehistory that are seldom preserved 
in other components of the archaeological record. Lack 
of strict temporal control often gives archaeologists the 
illusion that most cultural and social changes are gradu­
al. However, a detailed reconstruction of the formation 
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of the ceramic record may reveal episodes of rapid 
change that, in turn, are good indicators of shifts in 
subsistence, demography, and community organization. 

In the American Southwest, archaeologists have tra­
ditionally recognized that technology and style provide 
two distinct lines of evidence for tracing the movement 
of people, materials, and ideas over time and space. 
Similarly, many issues of current interest, such as popu­
lation movement, were explored decades ago. By using 
ideas proposed by traditional archaeologists in combina­
tion with modern analytical techniques, the ceramic as-

semblage from Chodistaas Pueblo could be exploited 
more thoroughly, and the ceramic information from this 
small settlement could be incorporated into a broader 
Southwestern perspective, than would have been possi­
ble by pursuing the methods of "old" or "new" or 
"post-processual" archaeology separately. This critical 
reevaluation of concepts and inferences, developed with­
in the context of the history of archaeological thought in 
the Southwest, provided surprisingly well-integrated re­
sults and unexpected insights to long-standing problems 
of relevance to archaeological interpretation. 



APPENDIX A 

Identification of Chodistaas Pueblo 
Vessels by Provenience, Ware, 
Form, and Temper 

T he whole and partial vessels from Chodistaas 
Pueblo, Grasshopper Spring Pueblo, site AZ 

P:14:197, and Grasshopper Pueblo that are described in 
Appendix A constitute the data base used for the 
analyses in this book. Information on clay samples that 
were submitted to compositional analysis is also 
included. 

The variables selected for vessel description provide 
detailed provenience information, typological assign­
ment, vessel shape, size measurements, compositional 
group membership, and temper type. 

1. The Case number identifies each vessel illustrated 
in the text and each vessel and clay sample analyzed by 
Instrumental Neutron Activation Analysis (Appendix B) 
and Inductively Coupled Plasma Emission Spectroscopy 
(Appendix C). 

2. Vessel provenience includes room number desig­
nation (Room #), individual pot number assigned in the 
field or laboratory (Pot Id.), and individual field 
number (Field #). Vessel proveniences from Grass­
hopper Pueblo correspond to catalog numbers of the 
Arizona State Museum (Catalog no.). 

3. Typological designations include Ware, Type, and 
Style as identified for this study. 

4. Vessel indicates shape (jar, bowl, pitcher), 
followed by measurements in centimeters of maximum 
diameter (Max. diam.) and interior aperture (Int.) for 
whole or reconstructed vessels. 

5. The Cluster (Cls.) or Group (Grp.) membership 
of each vessel selected for ICP and INAA analyses is 
provided. The last column includes a brief description 
of temper. 
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Instrumental Neutron 
Activation Analysis 

Elemental Concentrations of 
Samples from Decorated 
and Undecorated Vessels 

I nstrumental Neutron Activation analysis provides 
precise, accurate, and highly sensitive measurements 

of the concentrations of different chemical elements in 
ceramic pastes. The raw elemental concentrations for 
each vessel and clay sample analyzed for this study are 
presented in parts per million· (ppm). The data provided 
here must be converted into logarithms of base 10 be-

APPENDIX B 

fore performing statistical analyses comparable to those 
discussed in the text. 

For vessel identification, each sample listed in 
Appendix B has been assigned a case number (Case) 
that corresponds to the Case number in Appendix A. 
"ID #" refers to the laboratory sample identification 
number. 

[117] 



118 Appendix B 

Case ID# As La Lu Nd Sm u Yb Ce Co Cr Cs Eu Fe 

PCN097 1.880 72.300 .596 69.800 10.300 4.860 3.940 126.000 7.350 64.100 15.800 1.860 16700 
6 PCN338 5.450 35.200 .473 28.800 5.120 12.000 2.630 62.400 24.400 90.400 9.270 1.060 36500 
7 PCN055 16.800 31.800 .332 19.700 4.780 1.390 2.630 50.100 20.700 65.800 7.960 .951 40500 
8 PCN084 2.290 19.800 .285 12.300 5.420 .000 2.240 39.000 35.400 31.600 1 .560 1.760 85300 
9 

10 
14 
22 
26 
29 
32 
34 
36 
37 
40 
41 
44 
51 
53 
58 
63 
66 
68 
78 
80 
82 
85 
86 
91 
94 

100 
101 
105 
106 
109 
118 
125 
126 
127 
142 
143 
144 
148 
150 
151 
162 
173 
176 
177 
179 
181 
183 
186 
187 
189 
190 
195 
197 
198 
200 
201 
204 

PCN 120 6.410 
PCW137 2.400 
PCW235 17.400 
PCN695 19.200 
PCN535 12.000 
PCN026 4.480 
PCN063 5.470 
PCN095 26.700 
PCN135 4.320 
PCN139 7.910 
PCN163 31.200 
PCN 164 19.000 
PCN 170 25.100 
PCN258 3.840 
PCW260 4.470 

47.800 
23.300 
34.400 
39.700 
77.300 
33.600 
54.000 
30.000 
49.700 
60.500 
18.600 
97.700 
16.500 
13.500 
33.700 

.451 32.400 

.260 10.700 

.398 22.100 

.382 22.900 

.564 46.300 

.347 18.600 

.453 37.300 

.373 19.000 

.352 

.476 
1.490 

.474 

.278 

.242 

.346 

20.200 
63.400 
20.800 
55.500 
14.300 

7.310 
18.800 

PCN387 
PCN183 
PCN259 
PCN074 
PCN101 
PCN103 
PCN136 
PCN140 
PCN142 
PCN216 
PCN226 
PCN260 
PCN263 

9.440 46.000 .470 30.500 
7.240 

16.300 
6.550 

22.600 
11.700 

3.890 

68.200 
27.400 
84.300 
75.900 
82.000 
40.000 

.612 42.800 

.305 14.200 

.682 62.700 

.557 75.200 

.736 66.200 

.301 28.200 
2.420 18.600 .336 14.900 
5.600 47.800 .481 27.800 
2.690 21.900 .490 22.100 
2.650 20.000 .485 19.800 
3.370 34.400 .288 14.800 
4.400 49.900 .498 41.900 

7.330 2.260 3.270 
4.420 .000 1.870 
5.010 1.820 3.160 
5.740 3.050 3.010 

10.600 5.610 3.910 
3.890 5.130 2.440 
5.660 3.710 3.030 
4.350 2.480 2.780 
5.480 3.150 
8.870 4.050 
5.820 .836 

11.500 .000 
3.560 .000 
3.760 .000 
3.910 5.140 

2.900 
3.460 
9.590 
3.940 
1.820 
1.890 
2.430 

87.100 
38.900 
58.900 
65.300 

129.000 
54.200 
82.800 
49.800 
76.600 

109.000 
45.500 

167.000 
30.300 
25.200 
53.900 

16. 700 60. 100 14.300 
56.000 29.600 1.940 
15.500 70.600 7.830 
12.500 79.300 9.380 
13.100 70.100 17.200 
11.500 61.500 14.000 

6.080 43.900 10.900 
10.100 75.900 8.150 
23.500 

7.360 
6.900 

19.700 
37.900 
53.300 
11.400 

39.500 10.400 
64.900 20.900 
39.600 5.560 
34.000 4.790 
61.400 11.100 
22.800 1.210 
60.800 13.900 

1.380 28700 
1.410 101000 
1.010 38400 
1.090 37800 
1.830 17700 

.735 18400 
1.120 24300 

.853 43200 
1.040 
1.570 
1.110 
2.010 
1.090 
1.320 

.738 

24700 
23900 
23900 
48900 
74300 
89900 
18700 

7.480 1.230 3.370 81.800 16.000 58. 900 11.000 1.460 34500 
11.600 2.730 4.470 

3.440 2.890 2.310 
12.800 5.050 4. 910 
1 1.100 4.840 4.040 
12.400 5.710 4.510 

5.420 4.030 2.660 

121.000 21.500 
44.600 5.300 

150.000 6.380 
125.000 6.370 
137.000 9.680 

64.000 22.400 

80.700 12.100 
35.500 12.900 
65.600 28.300 
69.300 15.800 
81.800 13.000 
54.800 1 1 .700 

2.180 
.824 

2.140 
1.920 
2.160 
1.000 

39800 
34800 
21200 
17300 
16700 
21600 

5.000 .000 2.660 35.100 46.700 155.000 2.010 1.520 87100 
7.330 1.950 3.310 89.300 16.600 59.200 16.900 1.420 30000 
6.430 .000 3.550 47.200 78.900 153.000 2.660 1.910 133000 
6.180 .000 3.100 42.600 71.100 146.000 2.440 1.770 134000 
4.020 4.940 2.370 54.500 19.600 55.000 12.800 .783 21700 
7.710 5.010 3.270 89.300 6.900 67.500 19.400 1.580 15700 

PCN297 18.400 99.100 .485 38.500 12.000 .000 3.900 179.000 30.700 40.000 4.670 1.910 47800 
PCN301 
PCN304 
PCN378 
PCN328 
PCN313 
PCN346 
PCN392 
PCN256 
PCN339 
PCN393 
PCN157 
PCNl 58 
PCN614 
PCN604 
PCN595 

6.310 
2.890 
7.870 

20.800 
1.240 

13.100 
7.480 
2.820 
5.700 
1.820 
5.810 
5.980 

19.700 
8.490 
3.760 

PCN608 12.500 
PCN031 3.470 
PCN350 24.200 
PCN096 4.350 
PCN 107 7.060 
PCN 108 4.290 
PCN130 21.700 
PCN 131 3.330 
PCN197 4.160 
PCW307 3.450 
PCN 310 1.850 

94.200 
45.600 
44.100 
27.900 
30.800 
64.100 
85.300 
24.300 
50.000 
86.100 
81.800 
81.500 
22.200 
30.200 
94.400 
47.900 
16.900 
88.100 
33.400 
79.300 
41.200 
40.200 
37.700 
21.500 
14.200 
32.600 

.614 106.000 

.468 34.000 

.463 29.000 

.369 16.600 

.454 15.400 

.530 48.400 

.627 65.500 

.286 17.100 

.486 31.100 

.665 51.200 

.664 62.700 

.670 64.900 

.377 13.300 

.339 19.300 

.687 106.000 

.424 34.700 

.351 13.100 

.594 85.700 

.348 17.500 

.955 94.200 

.447 25.500 

.404 29.100 

.335 24.600 

.414 17.900 

.202 10.100 

.382 20.100 
PCN326 13.900 35.300 .346 23.300 
PCN327 22.300 40.400 .393 30.800 
PCN345 8.130 45.400 .426 30.400 

15.800 
5.770 
6.680 
4.430 
3.210 
9.710 

13.600 
3.560 
7.830 

10.800 
12.900 
12.900 

3.890 
3.410 

15.700 

6.110 
5.530 
2.670 
1.480 
6.040 
3.710 
4.790 
2.970 
2.690 
7.180 
4.840 
5.090 
1.570 
2.010 
5.770 

5.120 
3.740 
3.360 
2.430 
2.230 
3.910 
4.580 
2.130 
3.880 
3.760 
5.040 
4.710 
2.580 
2.280 
5.020 

170.000 
72.800 
78.500 
47.500 
48.200 

112.000 
156.000 

58.700 
88.100 

111.000 
140.000 
149.000 
37.600 
55.300 

171.000 
6.780 3.100 2.980 86.100 
4.980 .000 2.480 35.100 

11.900 5.270 4.160 136.000 
3.520 4.920 2.200 49.200 

11.100 5.160 5.920 124.000 
5.060 4.570 2.870 67.300 
5.700 2.930 3.320 65.800 
4.380 4.650 2.390 60.400 
6.280 .000 3.330 46.300 
3.460 .000 1.670 23.600 
4.230 5.360 2.490 57.400 

18.300 
16.700 
11.100 
17.500 

3.300 
5.890 
8.240 

21.600 
21.000 

8.730 
17.300 
16.600 
15.900 

6.370 
10.400 

78.000 
65.800 
60.100 
98.600 
48.800 
60.300 
70.800 
64.300 
47.000 
53.600 
71.100 
70.300 
98.900 
52.600 
78.200 

19.900 
15.700 
10.800 

9.950 
12.700 
12.900 
18.500 
12.900 
20.700 
16.900 
15.100 
19.100 

9.420 
10.400 
18.900 

14.100 55.600 21.600 
54.700 232.000 2.330 

6.490 69.300 25.500 
3.930 64.900 15.000 
4.950 56.400 10.000 
4.470 54.800 11.000 

10.400 66.400 9.310 
4.810 65.600 14.100 

74.000 107.000 
38.300 75.000 

3.940 65.200 

2.420 
1.970 

14.600 

2.720 
1.090 
1.330 
1.000 
.627 

1.710 
2.390 

.879 
1.490 
2.020 
2.140 
2.210 

.986 

.625 
2.700 

12100 
20300 
34000 
50400 
15100 
17200 
11100 
22900 
23800 
17800 
16500 
14700 
51200 
30300 
11900 

1.300 40100 
1.520 108000 
2.000 19300 

.671 16100 
1.860 19000 
1.020 23100 
1.080 31300 

.845 19500 
1 . 940 124000 
1.230 87100 

.794 14000 
5.190 2.770 2.660 58.100 17.000 34.500 11.000 .984 32500 
5.920 2.130 3.090 65.500 12.300 69.200 9.080 1.000 30900 
6.820 1.960 3.370 83.000 13.800 54.700 14.900 1.320 29700 



Case 

1 
6 
7 
8 
9 

10 
14 
22 
26 
29 
32 
34 
36 
37 
40 
41 
44 
51 
53 
58 
63 
66 
68 
78 
80 
82 
85 
86 
91 
94 

100 
101 
105 
106 
109 
118 
125 
126 
127 
142 
143 
144 
148 
150 
151 
162 
173 
176 
177 
179 
181 
183 
186 
187 
189 
190 
195 
197 
198 
200 
201 
204 

ID# 

PCN097 
PCN338 
PCN055 
PCN084 
PCN120 
PCW137 
PCW235 
PCN695 
PCN535 
PCN026 
PCN063 
PCN095 
PCN135 
PCN139 
PCN163 
PCN164 
PCN170 
PCN258 
PCW260 
PCN387 
PCN183 
PCN259 
PCN074 
PCN101 
PCN103 
PCN136 
PCN140 
PCN142 
PCN216 
PCN226 
PCN260 
PCN263 
PCN297 
PCN301 
PCN304 
PCN378 
PCN328 
PCN313 
PCN346 
PCN392 
PCN256 
PCN339 
PCN393 
PCN157 
PCN158 
PCN614 
PCN604 
PCN595 
PCN608 
PCN031 
PCN350 
PCN096 
PCN107 
PCN108 
PCN130 
PCN131 
PCN197 
PCW307 
PCN310 
PCN326 
PCN327 
PCN345 

Hf 

6.730 
5.550 
8.220 
3.240 
6.170 
3.670 
9.120 
8.320 
6.790 
7.940 
5.920 
7.870 
5.960 
6.750 
2.210 
8.950 
5.270 
3.010 
7.040 
7.080 
6.590 
4.370 
7.310 
5.930 
7.310 
6.650 
4.070 
6.500 
4.610 
4.220 
6.400 
6.110 
9.590 
7.050 
8.240 
5.740 
7.180 
7.240 
6.560 
6.950 

10.400 
8.390 
7.110 
7.890 
7.290 
6.980 
7.310 
7.050 
4.700 
4.460 
6.150 
8.200 

10.900 
6.240 

10.000 
7.830 
4.910 
4.140 
9.040 
4.210 
9.400 
6.750 
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Rb 

53.100 
119.000 

51.300 
.000 

124.000 
.000 

59.200 
78.700 
57.400 
56.400 
58.600 
77.300 
49.200 
82.000 
61.800 

.000 

.000 

.000 
55.800 

124.000 
57.800 
91.200 

144.000 
51.900 

Sb 

.838 

.729 
1.120 
.000 

1.040 
.000 

1.320 
1.360 
1.320 
1.210 

.975 
1.430 
.895 
.962 

1.940 
1.090 
.767 
.000 

1.230 
1.390 
.925 

1.160 
1.560 
1.580 

Sc 

15.500 
15.700 
11.300 
19.900 
14.100 
17.300 
11.300 
12.900 
15.600 
13.500 
13.100 
12.700 
12.400 
15.600 
12.600 
13.600 
17.500 
18.300 
13.600 
12.600 
18.600 
10.100 
16.300 
14.000 

Ta 

1.610 
1.660 

.897 

.767 
1.440 
.748 

1.520 
1.420 
2.070 
1.640 
1.320 
1.080 
2.440 
1.850 
.409 
.931 
.698 
.492 

1.610 
1.380 
1.450 
.809 

1.880 
1.400 

Tb Th 

1.450 19.800 
.689 13.200 
.678 9.730 
.927 2.030 
.966 15.100 
.490 2.900 
.773 10.400 
.752 11.600 

1. 170 19.300 
.556 20.400 

Zn 

55.70 
71.10 
63.20 
54.50 
90.80 

101.00 
63.20 
60.70 
73.30 
52.80 

.723 14.100 55.30 

.555 11.600 78.30 

.659 13.300 48.30 
1.040 21.200 71.40 
1.340 9.060 85.30 
1.310 9.770 108.00 
.662 5.830 76.40 
.000 2.290 98.40 
.542 20.300 53.60 
.785 14.100 88.90 

1 .400 16.400 89.30 
.382 10.400 59.20 

1.730 28.100 82.60 
1.330 17.300 62.40 

Zr 

244.0 
239.0 
261.0 

.0 
246.0 

.0 
273.0 
220.0 
229.0 
219.0 
181.0 
242.0 
184.0 
239.0 

.0 
268.0 
126.0 

.0 
217.0 
236.0 
245.0 
121.0 
239.0 
183.0 

Ba Ca 

533.0 0 
524.0 84100 
659.0 0 
279.0 22700 
807.0 0 
350.0 443004 
509.0 0 
610.0 34700 
502.0 0 
337.0 0 
711.0 0 

1000.0 0 
607.0 0 
522.0 0 
456.0 0 
826.0 0 
392.0 37200 
409.0 43500 
341.0 0 
836.0 0 
895.0 0 
519.0 0 
935.0 0 
431.0 0 

36.100 1.160 14.700 1.670 1.450 20.600 71.10 278.0 644.0 0 
0 

43200 
0 

34800 
28600 

0 

75.700 .951 13.200 1.350 .703 16.100 66.10 193.0 409.0 
.000 

130.000 
.000 
.000 

65.800 
72.800 

.000 
38.900 
61.800 

118.000 
.000 

61.700 
52.800 
58.100 
38.400 
76.900 
69.800 
42.600 

.000 
1.050 
.000 
.000 

1.140 
1.370 
.818 
.863 

1.070 
1.000 
1.170 
.700 

1.140 
1.250 
.859 
.966 
.982 

1.280 

27.500 
13.800 
26.900 
26.800 
13.500 
19.500 
13.000 
16.400 
14.500 
12.700 
14.800 
13.400 
13.500 
15.100 
14.800 
13.300 
16.300 
15.300 

.887 
1.640 
.607 
.515 

1.470 
1.670 
2.120 
1.730 
1.820 
1.270 
.853 

1.660 
1.420 
1.680 
1.940 
1.440 
1.730 
1.650 

.773 3.140 109.00 

.962 15.600 93.10 
1.170 2.930 151.00 
1.120 2.900 157.00 
.583 17.900 55.60 

1.000 17.600 81.10 
1.240 11.600 112.00 
1.830 21.800 75.20 
.962 21.300 58.20 

1.060 14.600 94.40 
.615 9.310 70.30 
.423 16.100 43.70 

1.170 19.000 65.60 
1.710 20.600 104.00 
.716 29.600 122.00 

1.100 19.800 72.30 
1.530 19.600 71.60 
1.600 22.900 84.70 

.0 
185.0 

.0 

.0 
184.0 
184.0 
254.0 
264.0 
259.0 
185.0 
230.0 
202.0 
226.0 
253.0 
280.0 
279.0 
222.0 
269.0 

284.0 
684.0 
471.0 
587.0 
418.0 
457.0 
693.0 
405.0 
389.0 
713.0 
598.0 
277.0 
612.0 
469.0 
608.0 
377.0 
607.0 
497.0 

42.800 1.160 16.300 1.610 1.490 21.000 78.90 264.0 531.0 
55.300 .993 15.500 .811 .542 6.610 71.00 224.0 501.0 
63.800 1.020 9.160 .899 .485 10.900 57.90 191.0 468.0 
60.500 .975 16.900 1.760 1.790 21.600 101.00 262.0 505.0 

147.000 
.000 

69.300 
48.100 
47.800 
54.500 
76.900 
52.100 

.000 

.000 
49.700 

122.000 
53.200 

127.000 

1.570 
.000 

1.810 
.918 

1.530 
.887 

1.340 
.982 
.000 
.000 
.849 

1.930 
1.230 
1.090 

14.900 
27.200 
13.900 
14.800 
13.800 
13.300 
12.100 
14.100 
28.200 
17.500 
13.700 
11.400 
11.600 
13.400 

1.160 
1.030 
1.400 
1.820 
2.010 
1.380 
1.560 
1.620 
1.250 
.759 

1.730 
.920 

1.630 
1.360 

.871 15.700 136.00 

.817 3.030 118.00 
1.360 17.300 62.40 
.471 20.800 54.80 

1.640 29.600 56.10 
.641 16.200 58.20 
.745 13.800 64.00 
.519 18.500 56.00 
.998 3.090 138.00 
.652 3.020 81.80 
.596 19.200 65.20 
.719 12.000 56.90 
.804 13.500 62.20 

1.010 14.900 88.50 

.0 

.0 
214.0 
209.0 
269.0 
206.0 
214.0 
210.0 

.0 

.0 
274.0 

.0 
286.0 
190.0 

735.0 
618.0 
398.0 
213.0 
346.0 
525.0 
575.0 
483.0 
690.0 
518.0 
290.0 
662.0 
622.0 
811.0 

0 
0 
0 
0 

30800 
19000 

0 
0 
0 
0 
0 

11700 
0 
0 
0 
0 
0 

33700 
28800 

0 
0 
0 
0 
0 
0 

29100 
28100 

0 
0 
0 
0 

K 

7980.0 
19100.0 
14300.0 

7870.0 
20500.0 

610.0 
12700.0 
14800.0 
9910.0 

Na 

1510.0 
4160.0 
4980.0 

20300.0 
3460.0 

11600.0 
2840.0 
2470.0 
1630.0 

11100.0 1460.0 
10500.0 875.0 
13900.0 3050.0 
9840.0 863.0 

11700.0 839.0 
6350.0 838.0 

19100.0 20200.0 
7460.0 10300.0 
4000.0 12200.0 

11600.0 1420.0 
21400.0 3700.0 

8280.0 5850.0 
15700.0 899.0 
19900.0 1070.0 
7820.0 1880.0 
6350.0 1770.0 

10400.0 1050.0 
7910.0 18500.0 

19000.0 3800.0 
22000.0 7030.0 
14600.0 6190.0 
11400.0 1660.0 
13000.0 1110.0 
21700.0 20300.0 

7080.0 13 50.0 
10200.0 920.0 
21200.0 2280.0 
11800.0 6400.0 
9460.0 889.0 

10700.0 1410.0 
7100.0 1480.0 
5550.0 968.0 

14600.0 1070.0 
9120.0 731.0 
7820.0 1090.0 
7050.0 1190.0 

13200.0 5280.0 
9930.0 570.0 
8110.0 1320.0 

22800.0 
7130.0 

10800.0 
7670.0 
5850.0 

10900.0 
11400.0 

1610.0 
9020.0 
1410.0 

540.0 
643.0 

1490.0 
2200.0 

9790.0 908.0 
20700.0 7060.0 

5650.0 13700.0 
7780.0 710.0 

16900.0 1270.0 
11700.0 2090.0 
19800.0 3370.0 
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Case 

206 
217 
218 
219 
222 
223 
229 
230 
231 
233 
243 
245 
249 
254 
255 
257 
260 
263 
266 
267 
269 
272 
280 
283 
285 
287 
294 
295 
297 
300 
301 
302 
303 
306 
331 
332 
336 
337 
338 
339 
340 
341 
354 
355 
357 
359 
361 
362 
363 
364 
365 
366 
367 
368 
371 
372 
373 
374 

ID# As 

PCN361 9.910 
PCN080 3.530 
PCW136 13.000 
PCX137 9.640 
PCN 173 14.000 
PCN 175 7.360 
PCN308 5.790 
PCN237 13.800 
PCX310 13.400 
PCN312 25.900 
PCN253 1.980 
PCN307 5.830 
PCN368 5.710 
PCN385 9.760 
PCN396 19.400 
PCN160 
PCX173 
PCN236 
PCN334 
PCX392 
PCN390 
PCN425 
PCN667 

10.600 
9.820 

12.000 
3.860 

10.100 
2.810 
5.050 

10.200 
PCW130 1.910 
PCN 1 34 1 1 .000 
PCX136 8.810 
PCN243 3.060 
PCN265 11.400 
PCN267 4.110 
PCN 172 7.830 
PCN 177 5.940 
PCW263 59.200 
PCN264 7.480 
PCW267 1 1.800 
PCG206 4.560 

La 

45.900 
33.900 
35.700 
43.100 
75.500 
76.000 
36.500 
74.000 
73.300 

109.000 
42.100 
46.200 
24.500 
77.800 
39.100 
46.000 
76.400 
67.000 
58.700 
87.500 
69.500 
46.700 
82.000 
71.800 
71.400 
48.600 
23.300 
73.600 
23.700 
72.100 
45.500 
17.300 
26.600 
21.600 
39.500 

Lu Nd 

.430 31.700 

.382 14.500 

.361 22.000 

.162 

.641 56.000 

.736 80.200 

.439 29.600 

.605 66.200 

.646 47.900 

.545 71.800 

.457 25.200 

.507 31.900 

.421 20.600 

.646 91.300 

.320 24.300 

Sm u Yb 

7.010 1.880 2.960 
3.850 4.970 2.330 
4.020 2.550 2.640 
4.550 .000 1.450 

11.700 4.390 4.350 
12.500 3.840 5.150 

5.650 1.850 2.740 
11.200 4.760 4.370 
11.200 4.560 4.060 
13.200 .000 4.350 

5.730 4.360 3.100 
7.060 1.930 3.310 
7.570 .000 3.200 

11 .800 .000 4.660 
5.020 1 .480 2.330 

.521 34.500 6.870 3.420 3.840 

.638 60.800 10.800 6.250 3.980 

.692 53.700 9.100 5.500 3.950 

.766 38.400 8.110 6.270 4.580 

.706 95.100 14.000 5.660 4.550 

.791 57.800 9.270 4.920 5.160 

.474 40.300 6.080 5.140 3.080 

.875 76.600 12.200 4.170 5.640 

.595 69.600 

.590 72.600 

.470 41.900 

.530 14.400 

.655 50.700 

.290 14.300 

.687 55.600 

.440 30.500 

.293 9.400 

.441 13.900 

.508 11.200 

.350 24.400 

10.500 4.830 3.930 
12.600 4.040 4.070 

7.430 2.330 3.220 
7.230 .000 3.750 

11.600 5.150 4.160 
5.310 .000 2.370 

10.600 4.820 4.060 
5.920 4.410 2.980 
3.180 1.130 2.190 
6.920 .000 3.410 
6.000 .000 3.160 
4.520 . 3.980 2.210 

Ce Co Cr Cs 

83.800 14.200 57.900 16.400 
52.000 4.420 62.500 14.700 
62.700 18.000 58.300 14.100 
60.100 19.700 32.800 4.490 

121.000 10.500 80.200 15.000 
141.000 15.300 74.600 12.800 

63.800 9.400 117.000 11.900 
127.000 7.760 71.400 12.700 
119.000 8.850 74.600 12.700 
195.000 21.900 42.300 5.270 
69.300 5.550 62.800 18.100 
83.400 14.600 60.100 18.000 
48.000 52.200 60.800 6.030 

132.100 8.040 65.300 15.210 
66.100 9.840 36.600 11.500 
87.900 

122.000 
109.000 
100.000 
150.000 
116.000 

78.900 
134.000 
126.000 
126.000 
81.300 
48.900 

128.000 
45.700 

125.000 
74.800 
30.100 
54.100 
42.600 
59.700 

11.200 57.400 11 .400 
8.670 75.500 14.100 
7.310 71.000 14.600 
7.330 49.100 28.500 
8.040 77.300 14.000 
7.660 54.300 16.100 
5.360 66.200 20.700 

10.500 67.300 9.570 
7.440 63.900 15.800 

11.300 74.000 14.500 
1 1 .400 53.300 12.800 
69.800 121.000 2.520 

9.680 75.500 13.200 
53.800 152.000 2.740 

7.780 88.500 13.200 
21.800 60.100 13.800 
28.200 125.000 23.600 
38.000 43.900 3.370 
51.300 118.000 10.800 

4.780 58.900 12.900 

Eu Fe 

1.250 38200 
.721 17900 
.728 36600 
.815 31800 

2.030 25600 
2.210 22400 
1.040 42300 
1.970 15700 
1.970 18200 
2.380 61000 
1. 130 17600 
1.320 30000 
2.050 111000 
2.028 16300 
1.200 32100 
1.390 
1.860 
1.610 
1.390 
2.470 
1.640 
1. 190 
2. 150 

33800 
17000 
16900 
22800 
12900 
19700 
19600 
24700 

1.910 14900 
2.260 24900 
1.410 32000 
2.050 132000 
2.070 18700 
1.690 88700 
1.900 15000 
1.150 23800 

.773 75200 
1.910 89100 
1.810 95100 
.813 21400 

PC2010 
PCN006 
PCN841 
PCN034 
PCN891 
PCN506 
PCN718 
PCCGS1 
PCCGS4 
PCC006 
PCC009 
PCC017 
PCC021 
PCC022 
PCCSC8 
PCC010 
PCCTP5 
PCC199 
PCC200 
PCC802 
PCC854 
PCC907 
PC1223 

4.160 41.000 .349 28.200 4.950 4.300 2.560 65.200 4.830 59.800 13.300 .946 19000 
3.880 43.800 .436 28.700 
4.000 
2.590 
4.240 
7.500 
8.390 
1.560 

14.900 
1.990 
1.470 
6.440 
5.623 
6.124 
1.030 
2.110 
9.440 
2.830 
2.810 
8,380 

13.800 
80.168 
14.400 

33.300 
49.300 
31.700 
30.300 
31.000 
32.600 
26.800 
23.300 
20.700 
29.000 
26.182 
46.026 
32.700 
24.700 
33.000 
25.900 
35.600 
32.900 
40.600 
95.940 
40.700 

.352 

.410 

.360 

.446 

.430 

.499 

.288 

.263 

.173 

.471 

.315 

.582 

.353 

.327 

.451 

.371 

.524 

.357 

.463 

.908 

.519 

23.400 
42.400 
15.300 
29.700 
28.000 
18.700 
18.600 
20.300 
13.900 
19.400 
22.491 
38.905 
21.900 
18.700 
36.000 
18.700 
18.600 
17.900 
29.900 
73.790 
30.100 

5.690 4.610 3.240 73.800 4.540 57.300 16.900 1.090 18600 
3.440 4.730 
6.710 5.000 
3.800 4.470 
5.460 .881 
5.940 1.370 
5.110 2.260 
4.190 2.490 
2.810 5.650 
2.480 5.780 
4.250 12.800 
3.837 7.015 
7.228 8.650 
5.110 2.800 
3.780 8.200 
5.080 3.040 
3.850 11.500 
5.130 2.340 
5.140 1.710 
7.330 1.160 

12. 190 5.675 
6.310 6.080 

2.050 
2.690 
2.380 
2.900 
2.880 
3.270 
1.920 
1.380 
1.070 
2.670 
1.941 
3.741 
2.770 
2.100 
2.770 
2.490 
3.130 
2.790 
3.410 
6.166 
3.000 

48.300 
80.400 
51.100 
53.800 
55.600 
54.500 
47.300 
29.400 
24.400 
53.200 
44.875 
81.658 
57.500 
44.100 
62.200 
47.800 
64.100 
58.600 
65.800 

153.109 
72.400 

4.890 62.700 13.300 
6.380 61.100 13.000 
4.060 61.200 12.400 

20.100 122.000 7.210 
22.200 94.800 7.640 
10.800 91.600 7.280 

9.710 58.100 3.780 
3.300 105.000 7.500 
2.480 64.600 4.260 
9.400 67.600 4.710 
9.036 59.566 9.036 

12.589 47.315 12.794 
8.340 97.300 7.050 
8.670 67.100 5.640 

11.000 88. 700 8.170 
11.200 74.600 4.900 
10.000 56.200 3.680 
10.100 66. 100 6.220 
22.300 86.500 7.530 

3.243 51.286 25.003 
13.200 90.400 7.400 

.689 
1.340 
.706 

1.150 
1.300 
.957 
.769 
.540 
.489 
.845 
.767 

1.489 
.968 
.767 
.975 
.782 
.923 

1.020 
1.640 
1.991 
1.150 

17300 
19200 
15000 
55100 
50000 
20600 
17700 
16100 
61900 
27200 
14388 
18707 
28800 
14700 
39400 
16500 
19200 
24200 
59800 
30409 
28700 



Case 

206 
217 
218 
219 
222 
223 
229 
230 
231 
233 
243 
245 
249 
254 
255 
257 
260 
263 
266 
267 
269 
272 
280 
283 
285 
287 
294 
295 
297 
300 
301 
302 
303 
306 
331 
332 
336 
337 
338 
339 
340 
341 
354 
355 
357 
359 
361 
362 
363 
364 
365 
366 
367 
368 
371 
372 
373 
374 

ID# 

PCN361 
PCN080 
PCW136 
PCX137 
PCN173 
PCN175 
PCN308 
PCN237 

Hf Rb Sb Sc 

5.270 97.500 1.290 15.100 
8.130 59.000 . 902 14. 900 
8.180 112.000 1.320 10.700 
7.830 .000 1.120 8.690 
6.930 72.800 1.360 16.700 
7.600 44.700 1.070 17.100 
5.240 158.000 .927 14.100 
7.030 50.900 1.170 14.100 

INAA Elemental Concentrations 121 

Ta Tb Th Zn Zr Ba Ca K Na 

1.310 .910 16.000 97.70 152.0 625.0 0 18800.0 1690.0 
1.640 .541 20.500 65.00 200.0 370.0 0 9350.0 776.0 
1.080 .570 12.400 31.50 202.0 281.0 0 12200.0 871.0 
1.910 .556 11.700 57.30 205.0 650.0 0 1 7200.0 16300. 0 
1.590 1.460 20.400 74.60 234.0 391.0 0 8130.0 1790.0 
1.790 1.540 19.600 70.50 239.0 481.0 0 5850.0 3050.0 
1.040 .710 11.400 56.90 142.0 251.0 61700 22400.0 2870.0 
1.590 1.280 19.800 58.50 252.0 605.0 0 1800.0 1580.0 

PCX310 6.640 51.900 1.510 14.300 1.500 1.310 18.200 65.00 193.0 589.0 0 9330.0 1150.0 
PCN312 11.000 .000 .989 16.600 1.320 1.530 10.800 119.00 387.0 719.0 0 19500.0 8300.0 
PCN253 7.210 90.600 1.080 16.800 1.550 .740 16.400 90.80 198.0 250.0 0 12800.0 935.0 
PCN307 6.150 95.100 1.160 13.800 1.420 1.000 15.100 95.30 163.0 796.0 0 20300.0 3760.0 
PCN368 4.720 67.100 .000 
PCN385 7.080 48.200 .000 
PCN396 4.100 149.000 1.890 
PCN160 6.400 109.000 1.140 
PCX 173 7.280 50.400 1.400 
PCN236 8.280 39.200 1.420 
PCN334 7.640 147.000 1.410 
PCX392 6.810 53.200 1.230 
PCN390 8.130 113.000 1.190 
PCN425 7.100 94.800 1.480 
PCN667 10.100 43.600 1. 750 
PCW130 6.720 53.200 .796 
PCN134 6.590 64.900 1.210 
PCX136 6.010 108.000 1.280 
PCN 243 4.810 .000 .321 
PCN265 6.980 47.200 1.400 
PCN267 4.060 .000 2.450 
PCN172 7.960 49.000 1.190 

27.700 
15.700 
10.400 
13.300 
15.700 
17.000 
15.600 
15.000 
15.800 
16.900 
14.800 
15.800 
16.100 
13.200 
29.400 
15.300 
18.300 
13.900 

PCN177 
PCW263 
PCN264 
PCW267 
PCG206 
PC2010 
PCN006 

6.310 94.400 1.160 15.200 
6.370 .000 1.110 20.500 
5.050 .000 .492 26.900 
4.540 .000 .000 29.400 
8.130 67.000 .925 13.800 
7.500 66.700 .973 13.300 
6.980 104.000 1.090 13.800 

PCN841 7.210 73.500 1.040 14.400 
16.800 
13.100 
18.300 
16.100 
12.400 

PCN034 8.050 47.900 1.100 
PCN891 7.890 57.400 1.040 
PCN506 5.300 139.000 .760 
PCN 718 5.410 136.000 . 760 
PCCGS1 10.400 140.000 .676 
PCCGS4 5.500 49.300 .895 
PCC006 2.770 75.700 .774 
PCC009 1.980 45.500 .587 

7.130 
5.930 
3.790 

PCC017 
PCC021 
PCC022 
PCCSC8 
PCC010 
PCCTP5 

7.210 91.600 .893 8.870 
4.150 85.507 .480 7.943 
6.622 144.877 1.259 10.990 
5.090 122.000 .619 11.700 
3.820 105.000 .390 10.300 
8.570 120.000 .979 13.800 

PCC199 6.080 116.000 .345 9.400 
PCC200 13.500 77.600 .778 6.840 
PCC802 7.000 80.400 .723 9.080 
PCC854 5.830 80.000 .879 15.700 
PCC907 5.508 143.880 1.901 13.213 
PC1223 6.670 108.000 .914 11 .700 

.826 1.180 4.970 89.50 112.0 
1 .700 1.600 20.200 67.30 256.0 
1.150 .824 10.600 52.50 .0 
1.370 .914 15.600 122.00 220.0 
1.730 1.200 20.900 74.80 226.0 
2.040 1.060 25.200 69.70 233.0 
1.690 1.200 23.100 80.20 236.0 
1.671 1.600 20.890 67.30 256.0 
1.560 1.490 21.600 83.80 300.0 
1.720 .995 18.400 68.40 195.0 
1.910 1.530 27.200 72.10 317.0 
1.590 1.460 19.900 58.10 247.0 
1.470 1.550 16.900 78.00 210.0 
1.390 .931 15.400 78.30 187.0 
.621 1.200 3.280 162.00 .0 

1.690 1.330 19.500 86.30 240.0 
.802 .687 2.410 95.10 .0 

1.600 1.220 20.600 62.80 242.0 
2.920 .802 16.600 59.80 177.0 
1.280 .000 6.470 88.30 .0 
.995 1.230 4.900 84.10 .0 
.711 .966 2.990 136.00 .0 

1.620 .537 20.100 60.00 210.0 
1.450 .650 18.100 54.00 218.0 
1.410 .769 17.000 60.50 184.0 
1.710 
1.840 
1.720 
1.060 
.865 

1.140 
.604 
.481 
.256 

.497 19.300 65.90 211.0 

.902 20.300 68.10 212.0 

.526 17.900 47.50 242.0 

.815 9.120 79.60 133.0 

.807 8.930 81.80 129.0 

.830 12.500 49.80 292.0 

.611 7.000 471.00 200.0 

.465 4.620 46.70 123.0 

.333 2.960 32.80 74.3 
.861 .652 8.910 48.40 240.0 
.631 .638 6.918 44.98 143.9 

1.219 1.030 13.305 65.62 222.8 
.998 .655 9.710 54.30 171.0 
.769 .506 8.040 48.30 152.0 
.867 .634 12.200 69.70 234.0 
.971 .573 8.890 61.20 261.0 

1.050 .740 10.500 49.30 406.0 
.851 .867 8.950 69.70 195.0 
.893 1.040 9.080 89.50 249.0 

1.879 1.778 28.576 53.21 187.9 
1.000 .839 11.600 164.00 242.0 

562.0 20320 .0 3800.0 
491.0 0 8600.0 1410.0 
802.0 0 27300.0 3050.0 
695.0 0 17700.0 3070.0 
736.0 0 7800.0 1300.0 
733.0 0 6040.0 1870.0 
291.0 0 18100.0 811.0 

0 7230.0 1300.0 
466.0 0 17500.0 1500.0 
354.0 0 13600.0 1400.0 
583.0 0 7360.0 4360.0 
528.0 0 7940.0 1530.0 
348.0 0 9080.0 3010.0 
767.0 22600 18800.0 2770.0 
735.0 23000 15100.0 8280.0 
711.0 0 6370.0 2610.0 
269.0 39300 6150.0 17300.0 
991.0 0 9400.0 1140.0 
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Inductively Coupled Plasma 
Emission Spectroscopy 

Elemental Concentrations of 
Samples from Decorated 
and Undecorated Vessels 

I nductively Coupled Plasma Emission Spectroscopy is 
a precise and expedient method of measuring chem­

ical elemental concentrations in ceramic pastes. ICP and 
INAA (Appendix B) use different extraction methods to 
derive these measurements. The ICP raw elemental con­
centrations for each vessel and clay sample are given in 
parts per million (ppm). The data provided here must be 

[123] 

APPENDIX C 

converted into logarithms of base 10 before performing 
statistical analyses comparable to those discussed in the 
text. 

Each sample listed in Appendix C has been identified 
with a case number (Case) that corresponds to the Case 
number for vessel identification in Appendix A. Sample 
refers to the laboratory sample identification number. 
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Abstract 

A rchaeologists traditionally use pottery to reconstruct a 
wide range of activities of prehistoric people. Eco­

nomic, social, and political aspects of ancient lireways are 
inferred from the patterning of ceramic variation. To make 
these inferences, the locus of pottery manufacture must first 
be identified. 

This monograph focuses on the development of a broad­
ly applicable methodology for identifying local and nonlocal 
ceramics and for reconstructing mechanisms of ceramic cir­
culation. A ceramic assemblage of 330 whole and partial 
vessels from Chodistaas Pueblo, a late Pueblo III period 
masonry ruin located in the Grasshopper region, Arizona, 
constitutes the main body of data used in this research. This 
data base is expanded with comparative information from 
three excavated sites on the Grasshopper Plateau and with 
observations on surface ceramic distributions from several 
regions of the Arizona mountains. 

A three-dimensional approach to the identification of 
ceramic manufacturing loci involved the integrated analysis 
of technology, paste composition, and design style of all 
wares present in the Chodistaas Pueblo assemblage. The 
analyses entailed (1): ceramic paste characterization by 
instrumental neutron activation analysis (INAA), induc­
tively-coupled plasma emission spectroscopy (ICP), and 
temper identifications, combined with a systematic survey 
of clay and temper sources in the region; (2) reconstruction 
of the manufacturing technology of each decorated and un­
decorated ware; and (3) analysis of design style variability 
in polished-painted wares. 

The combined results of these analyses suggest that Cho­
distaas settlers manufactured mainly brown corrugated pot­
tery that included unslipped, slipped, and painted vessels. 
The community also obtained Cibola White Ware, White 
Mountain Red Ware, and many Roosevelt Red Ware, gray 
corrugated, and red plain pots from nonlocal sources. Pot­
tery circulated between Chodistaas Pueblo and other proxi­
mate as well as distant contemporaneous settlements through 
at least three mechanisms: sporadic trading episodes, recip­
rocal exchange among relatively mobile communities, and 
the immigration of people into the mountains. This recon­
struction accords with current notions of prehistoric 
adaptations of mountain communities during the late thir­
teenth century and with general organizational trends that 
characterized the transition toward Pueblo aggregation in 
the mountains of east-central Arizona. 
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Resumen 

T radicionalmente, los arque6logos han utilizado ceramica 
para reconstruir el modo de vida de poblaciones prehis­

t6ricas; actividades econ6micas, sociales, y politicas han 
sido inferidas a traves de la variaci6n ceramica. Este tipo de 
inferencias requieren de la identificaci6n del lugar de 
manufactura ceramica. 

Esta monografia se ocupa de desarrollar una metodologia 
de amplia aplicaci6n para identificar ceramica local e 
importada y para reconstruir los mecanismos de circulaci6n 
de ceramica prehist6rica. Trescientas treinta vasijas com­
pletas y parciales recuperadas en Chodistaas, un pueblo de 
mamposteria de piedra que data del periodo Pueblo III tar­
dio en la region de Grasshopper, Arizona, constituyen el 
cuerpo principal de datos en esta investigaci6n. Esta base de 
informaci6n esta complementada con datos comparativos 
sobre la ceramica recuperada en excavaciones de tres sitios 
en la region de Grasshopper y con informaci6n sobre la 
distribuici6n de ceramica de superficie en varias regiones de 
las montafias de Arizona. 

La identificacion de lugares de manufactura ceramica se 
realiz6 a traves de la aplicaci6n de una perspectiva tri­
dimensional, la cual comprende un analisis integrado de 
tecnologia, composici6n de la pasta, y estilo de disefio de 
todas las vajillas presentes en el conjunto ceramico de Cho­
distaas. Este analisis incluy6: (1) caracterizaci6n quimica de 
la pasta a traves de! analisis de activaci6n neutr6nica 
(INAA), espectroscopia de emisi6n de plasma con conec­
cion inductiva (ICP), analisis de antiplastico, y prospecci6n 
sistematica de fuentes de arcilla y antiplastico en la region; 
(2) reconstrucci6n de la tecnologia de manufactura de cada 
vajilla decorada y ordinaria; y (3) analisis de variabilidad en 
el estilo de disefio de vajillas pintadas y pulidas. 

Los resultados combinados de esta investigaci6n sugieren 
que los habitantes de Chodistaas fabricaron principalmente 
ceramica marron corrugada (ordinaria, engobada, y pinta­
da). La comunidad a su vez obtuvo las vajillas blanca Cibo­
la, roja White Mountain, y un buen mimero de vasijas de 
la vajillas roja Roosevelt, gris corrugada, y roja pulida, de 
fuentes externas. Este estudio tambien sugiere que la cera­
mica circul6 entre Chodistaas y otras comunidades contem­
poraneas, tanto vecinas como distantes, a traves de por lo 
menos tres mecanismos: episodios esporadicos de inter­
cambio, reciprocidad social entre comunidades relativa­
mente mobiles, e inmigraci6n de gente a las montafias. 

Esta reconstrucci6n corresponde a nociones contem­
poraneas sobre la adaptaci6n prehist6rica de comunidades 
montafiesas del final del siglo decimo tercero y sobre las 
tendencias generales organizativas que caracterizaron la 
transicion hacia la aglomeracion de grupos Pueblo en las 
montafias del centro-este de Arizona. 
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