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ABSTRACT 

The objective of this dissertation is to develop methods to draw relevant information from 

previously underexploited sources for behavioral inference in archaeology. The sources of information to 

be discussed are ceramics and formation processes. 

Ceramics have been the center of archaeological inquiry since the "Time-Space Revolution" during 

1910's. Numerous studies have vigorously sought ceramics as a source of information for chronological, 

typological, and, more recently, locational inferences. In clear contrast, information encoded in ceramics 

about specific activities in the past has been surprisingly underexploited. This is because most extant 

ceramic analyses seldom have a perspective broad enough to recognize that those sherds are only fragments 

of once-functional tools. In this dissertation, extending the concept of tool kits, a method is proposed to 

treat a set of ceramics as tools to accomplish a certain task. 

Formation processes are another underexploited information source for behavioral inference. 

Initially, formation process theory was developed in reaction to studies by "new" archaeologists, who 

considered the archaeological record as a direct reflection of past human behavior. Owing to this historical 

reason, while this theory has demonstrated that formation processes must be an integral part of inferential 

processes, the role of information contained in formation processes tends to remain as negative, 

confounding factors. This dissertation proposes that information derived from formation processes can 

make more positive contributions to behavioral inference. Since formation processes, by way of the 

structure of refuse, encode qualitatively different aspects of past human behavior, an integration of such 

information with information about specific activities from once-functional artifacts would bring a fruitful 

result. 

An area of study that craves the exploitation of more information is small site analysis. Behavioral 

inference in small sites always suffers from the paucity of remains. Hampered by this limitation, 

conventional methods have failed to generate sufficient information for unequivocal behavioral inference 

at small sites. A specific analysis of Hohokam small sites is presented to demonstrate that the proposed 
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methods are effective in exploiting relevant information from the same limited remains. 
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CHAPTER ONE 

INTRODUCTION 

It seems to be a general rule that sciences begin their development with the study of the unusual. 
They have to develop considerable sophistication before they interest themselves in the 
commonplace. American archaeology has been no exception. It began with digging in mounds 
and the coIlecting of choice objects and has now progressed to the excavation of camp sites and 
the delimitation of culture complexes as whole (Linton 1944:369). 

The study presented in this dissertation is at the end of the spectrum observed by Ralph Linton many years 

ago: smaIl sites. These seemingly undifferentiated minor archaeological phenomena have not been received 

much attention. The reason is obvious. Archaeologists have been busy analyzing major sites -- masonry 

Pueblos, canals, Big Houses, etc. Another reason for the lack of attention to smaIl sites is that smaIl sites 

bear too little material to infer human activities there unequivocaIly. The archaeologist may no longer be 

as optimistic as Binford (1968a:23) proclaimed twenty-some years ago: 

The practical limitations on our knowledge of the past are not inherent in the nature of the 
archaeological record; the limitations lie in our methodological naivete, in our lack of development 
for [sic] principles determining the relevance of archeological remains to propositions regarding 
processes and events of the past. 

Yet, there seems to be much more room for our methodological progress. Since the analyses in Part II 

are aimed at solving a particular problem, namely the function of several Hohokam smaIl sites, variables 

and models presented in later chapters are specificaIly tailored to this problem. Nonetheless, the methods 

used have some general relevance and will hopefuIly contribute to extending the repertory of archaeological 

methodology. 

This is a study of the method of behavioral inference in archaeology. Past human activities, of 

course, cannot be directly observed and, therefore, must be "reconstructed" from material remains. 

Reconstruction may not always be the ultimate aim of archaeology, and it may not be feasible to 

reconstruct people's lives in the past in the sense of paleo-ethnography. Still, at one point or another in 
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archaeological inquiry it is necessary to reconstruct intangible aspects of past cultures. Not only in culture

historical studies but in processual studies as well, behavioral variables of interest must be reconstructed 

before further analysis takes place (cf. Schiffer 1976:2). The present study is intended to be a contribution 

to the domain of reconstruction theory (Schiffer 1988:469). 

At the inception of American archaeology, socio-behavioral interpretations were actively pursued 

through the use of ethnographic analogy (e.g., Mindeleff 1900; Fewkes 1900). However, as Boasian 

anthropology became the mainstay of American anthropology, such interests were replaced by chronological 

interpretations and descriptive data presentation (e.g., Kidder 1915, 1924). After a few decades of hiatus, 

socio-behavioral interpretations of the archaeological record were revived (e.g., Steward 1937; Steward 

and Seltzer 1938; Bennett 1943, 1944a; Martin and Rinaldo 1950). However, such interpretations did not 

come into full blossom until the advent of the new archaeology. 

While ethnographic information was still consulted as a source of human behavior dynamics, the 

procedure of applying ethnographic information to archaeological remains became more restricted and 

systematic (Ascher 1961; Flannery 1967). Ethnography supplies actual observations of both human 

activities and associated material culture. The use of such observations is far-reaching. They can be used 

to furnish ideas of what past dynamics was like; to evaluate hypotheses with regard to prior probabilities; 

to provide independent evidence to test hypotheses; to suggest the function of archaeological artifacts and 

so on. 

Recently, there have been heated debates on how ethnographic information should be used in 

archaeological interpretations (Gould 1978, 1980; Watson and Gould 1982; Wylie 1985). The author 

believes that ethnographic information is too valuable to archaeology to be dismissed altogether or limited 

in use (cf. Ascher 1961; Chang 1967; Watson 1979a, 1982; Hayden and Cannon 1984:202). Rather, it 

should be exploited as much as possible. However, the use of ethnographic information ought to be well 

controlled and each use must be justified. 

Beginning during the new archaeology era, the major interpretive tool consciously employed was 
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"correlates" (Binford 1968: 13; Hill 1970:63). The concept of correlates was not novel (see Thompson 

1958, for example) and had long been used intuitively by archaeologists. However, explicitly stated 

correlates render evaluation of behavioral interpretations possible. With this interpretive tool, the new 

archaeologists attempted to make archaeology more objective and "scientific." The healthy optimism of 

the early new archaeology tended to assume that "the archaeological record, if adequately interpreted, 

offered a relatively complete and undistorted picture of the societies that had produced it" (Trigger 

1989:358). 

However, increasing numbers of archaeologists have "lost innocence" (Clarke 1973) and come to 

realize that the archaeological record is not as simple as formerly thought (e.g., Ascher 1968; Binford 

1968a; Schiffer 1972, 1976). While correlates continue to be a major building block for behavioral 

inference, material phenomena observed today were not generated solely by systemic behavior as stipulated 

in correlates (Schiffer 1983:5). Rather, the archaeological record is viewed as the product of human 

behavior in systemic context as well as other processes, called formation processes (Schiffer 1972, 1976, 

1983, 1987). Revisionists of the new archaeology known as "behavioral archaeologists" argue that such 

forces, formation processes, must be accounted for before material remains are interpreted through 

correlates. This dissertation draws its theoretical foundation from this revisionist thought. 

THE PROBLEMS 

The general objective of this study is to stretch the ability of behavioral inference in archaeology. 

While there are many avenues to approach this general issue, this study opts to explore methodological 

aspects to decode more behavioral information from archaeological remains. The theoretical foundation 

for behavioral inference has been laid by correlate and formation processes theories. The development of 

these theories since the 1960's marks one of the most, if not the most, important advances in modem 

archaeology. The author believes that correlates and formation processes provide a adequate set of 

theoretical tools for behaviroal inference. The use of ethnographic information is another important aspect 
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in behavioral inference because actual material-behavior links are supplied, principally, by ethnographic 

observations and experiments. These three components, correlates, formation processes, and the use of 

ethnography, provide a sound framework for behavioral inference in archaeology. Thus, the motivation 

of the present study is not to develop new theoretical tools, but to methodologically extend the potential 

of the extant tools in order to exploit more information from the archaeological record. 

One area of study which would greatly benefit from such methodological advances is small site 

analysis. The connotation of "small sites" varies from area to another. In the plateau Southwest, "small 

sites" often denotes sites with a few rooms (e.g., Moore 1980; Ward 1978; Redman and Hohman 1986). 

In this study in the desert Southwest, small sites are defmed as surface scatters of artifacts with few or no 

features (see Lindauer 1984 for a similar definition). In any area and by any defmition, these small sites 

tend to be lumped in a vague category of "limited (or specialized) activity sites" as opposed to "habitation 

sites." As regional surveys have been actively conducted in relation to the development of systematic 

survey techniques and the expansion of contract archaeology, small sites have been recorded in quantity 

all over the Southwest. However, these small sites are not a "homogeneous mass," but instead contain a 

large amount of variability (e.g., Sullivan 1983, 1987; Lindauer 1984). 

There are two principal reasons to force the lumping of small sites into the loose category of 

limited activity sites: (1) the lack of characteristic features and (2) the overall paucity of artifacts. First, 

the function of sites is usually assigned on the basis of behavioral correlates of nonportable artifacts, such 

as structures and other features. This procedure of functional ascription, the "morphological approach" 

(Mills 1989: 14), obviously cannot deal with sites exhibiting variability in few (or no) features of ambiguous 

functions. Even when portable artifacts are analyzed to infer site function, which exemplifies the 

"inventory approach" (Mills 1989: 18), these analyses "have often been conducted to confirm morphological 

site classes" (Mills 1989:18; also see Leonard 1989; Reid 1982). This subordinate status of portable 

artifacts in ascribing site functions is attributable to the lack of specificity in the relationship between the 

use of portable artifacts and human activities (cf. Seymour and Schiffer 1987). The general paucity of 
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artifact remains at small sites renders inferences of human activities from portable artifacts even more 

difficult. 

However, large complex sites with many major features are infrequent; the majority of the 

archaeological record consists of these small sites. While large sites are important in that they provided 

major nodes of human activities in the landscape, a great breadth of human activities are encoded in small 

sites, which were widely distributed over a region. These small sites are so numerous that they cannot be 

ignored if we are to obtain any understanding of regional systems. 

Artifacts at a Hohokam small site typically consist mostly of plain ware sherds and some 

expediently chipped stone. While the frequency of these artifacts may vary, the frequency attributes are 

more likely to be affected by occupational variability (cf. Sullivan 1980; Mills 1989) than by functional 

variability. Thus, an approach based on artifact count may not provide useful correlates to infer the 

function of these sites. Inferences based on the diversity of artifact types would not be very effective, 

either, because not many artifact types are present to begin with. 

Therefore, it is obviously necessary to develop methods to draw more information about past 

human activities at these sites from the artifact remains. Methods proposed here approach the limitation 

associated with small sites in two ways, one based on correlate theory and the other based on formation 

process theory. The correlate approach seeks traces of variability in human activities by examining tools 

used to accomplish tasks. This approach to behavioral inference is actually not novel. Since the new 

archaeology era, many such analyses have been pursued using the concept of "tool kit." The original tool 

kit analysis (e.g., Binford and Binford 1966) was formulated to infer human activities among paleolithic 

sites, i.e., tool kits of chipped stone artifacts. This concept was extended to analyze room functions in 

habitation sites of ceramic periods, mainly prehistoric Southwestern pueblos. In these studies, floor 

assemblages of various artifacts were considered as tool kits for certain tasks. Since most artifacts at small 

sites consist of ceramics, the present approach further extends the tool kit concept to distinguish tool kits 

in ceramic assemblages. Ceramics are the artifact class that is the most ubiquitous and the most intensively 
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analyzed by archaeologists. It is almost impossible to find an archaeological report (except for non-ceramic 

sites, of course) that does not have an extensive section devoted to ceramics. Nonetheless, most ceramic 

analyses have been geared toward chronological, typological, and, recently, locational inferences. 

Although there is no doubt that such inferences are very important, behavioral information drawn from 

"ceramics as tools" (sensu Braun 1983) has been surprisingly limited (see Chapter Three). A major reason 

for this is that sherds have been predominantly the unit of analysis. While most archaeologists probably 

agree that vessels, not sherds, are the behaviorally significant unit, logistics appears to prevent them from 

using this unit. By using vessels as a unit of analysis, behavioral correlates associated with particular forms 

of vessels can be drawn and used in interpretations. 

In order to draw behavioral information from ceramics, ceramics must first be seen as once

functional tools. Different types of ceramic vessels were used for different functions. Various 

combinations of ceramic vessels can be associated with different tasks, just as chipped stone tool kits 

indicate variability in human activities (e.g., Braun 1980). Therefore, investigating these various 

combination of ceramic vessels, or "ceramic tool kits,· should be useful in inferring human activities. 

Another source of information that is potentially useful but has been rarely exploited is cultural 

formation processes. In major site analyses, formation processes are often regarded as confounding factors 

that mask a real relationship between material remains and past human behavior. Although natural 

formation processes are nearly always extraneous to inferring past human behavior cultural formation 

processes are not always so. Cultural formation processes are a part of human behavior as well (cf. 

Binford 1981a:200). There should be a way to use behavioral information encoded in cultural formation 

processes. 

Artifact refuse at a site was formed by various formation processes. The structure of refuse, i.e., 

the spatial organization of and the variability in refuse deposits at a site, is a reflection of formation 

processes. Refuse was not formed at random. The types of formation processes that occurred were closely 

related to activities at that site. The relationship is systematic. Thus, by examining refuse characteristics, 
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behavioml information can be extracted about certain aspects of past activities. It is argued in this 

dissertation that maintenance processes are the most important for understanding variability in refuse 

structure. This is because all archaeological refuse would be simple primary refuse without maintenance 

processes (see Chapter Four). The aspects of past activities obtainable from formation processes are 

qualitatively different from the kind of information that correlates seek. With correlates, the archaeologist 

attempts to relate material remains to the phenomenological aspects of activities, such as the functions of 

pueblo rooms. Information encoded in formation processes appears to be more closely related to structural 

aspects of activities, "activity organization" in short (cf. Binford 1987). 

Thus, if two activities are organized under very different principles, information derived from 

formation processes would provide positive, though indirect, clues to distinguish the two activities. This 

method would increase the amount of infonnation needed to make unequivocal behavioral inferences based 

on the scanty material evidence left at small sites. This rationale was the initial impetus to start this study. 

At a more general level, small site analysis furnishes material adequate to investigate the feasibility of this 

method. At a complex site, a myriad of formation processes and a bewildering array of activities 

coexisted. Under such conditions, it is very difficult to isolate relevant evidence to examine the 

relationship between activities and formation processes. In contrast, the structures of activity and refuse 

at a small site are much simpler so that relevant variables can be easily isolated and examined. 

Just as the study of human physiology starts with examining single-cell organisms, small sites seem 

to be an appropriate starting point for this endeavor. If information from formation processes proved to 

be useful in behavioral inferences at small sites, the method could be extended to the analysis of more 

complex sites as well. Therefore, the use of cultural formation processes in interpreting small sites not 

only can expand the sources of useful information, but also may provide controlled standard cases of 

formation process-activity relationships that can be used for major site analyses in the future. 

Archaeological remains that provide a case study for applying the proposed methods are an found 

in elongated artifact scatter (see Part II). This scatter along with hundreds of other small sites were 
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originally recorded by the Northern Tucson Basin Survey (NTBS, P. Fish, director; P. Fish et al. n.d.; 

S. Fish et al. 1985, 1989, 1990, in press). Although five small sites were originally recorded within the 

extent of this elongated scatter in the middle portion of the Tortolita Piedmont, a field re-inspection 

indicated that these sites appear to form a continuous artifact scatter, rather than discrete sites and that the 

scatter extends further beyond these sites (see Chapter Five for detail). This elongated shape was 

reminiscent of a trail. Although there was no evidence, other than its elongated shape, to indicate that the 

scatter might have been a prehistoric trail, this trail proposition was used as a working hypothesis around 

which data collection and analysis was designed with an emphasis on collecting information on formation 

processes and ceramic vessels (see Chapter Six). If this scatter was indeed generated by a trail, artifacts 

in the scatter should have distinctive characteristics both in artifact assemblages and in formation processes 

compared with other activity sites. Another likely candidate for the function of small sites in this area is 

resource exploitation activities. Indeed, plant resource exploitation is usually the function ascribed to many 

small sites in the Hohokam region (e.g., Doelle 1976; Goodyear 1975; Sullivan 1983). Such activities 

should use distinctive sets of tools and should have a contrastive organization compared to trails. 

Therefore, by examining ceramic tool kits and refuse structure, a trail should be distinguishable from 

resource exploitation sites. 

The immediate goal of the analysis presented in Part II is to determine the human activities that 

resulted in the elongated artifact scatter. However, a more general, and probably more important, goal 

of this study is an exploration of methods designed to extract more behavioral information from scanty 

remains. The theoretical aspects of the proposed methods are developed in the next three chapters in Part 

I. Although the application of these methods to more complex archaeological phenomena, i. e., larger sites, 

is only briefly mentioned in this study, I believe that the methods for extracting more behavioral 

information are, eventually, relevant to large site analyses as well. 

ORGANIZATION OF THIS DISSERTATION 
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The chapters of this dissertation are organized as follows. Three theoretical tools for behavioral 

inference--ethnographic analogy, correlates and formation processes--are discussed in the next three 

chapters, which collectively form Part I. The objective of these chapters is not so much to cover the entire 

concepts as to elaborate the theoretical rationale for the methods employed in this study. Chapter Two 

covers the issue of ethnographic analogy. Although there has been a persistent argument against 

ethnographic analogy, without recourse to ethnography it is almost impossible to achieve archaeological 

interpretations. Or, at least, with ethnography, archaeological interpretations are much more fruitful. 

Therefore, this chapter explores the ways to use ethnographic analogy more reliably. 

Correlates are discussed in Chapter Three. Correlates are the fundamental ingredient in behavioral 

inferences. Implicitly or explicitly, correlates must be used in such inferences. This chapter provides an 

overview of the development of correlates in archaeology. The special focus of this chapter is the tool kit 

concept. It aims to show how little behavioral information has been extracted from ceramics compared 

with other classes of artifacts, such as lithics and non-portable artifacts. The feasibility of ceramic "tool 

kits" is discussed. 

Chapter Four is about formation processes. While formation processes are an extremely broad 

subject, this chapter focuses upon the relationship between refuse structure, cultural formation processes, 

and activity organization. The purpose of this chapter is to argue that formation processes are not only 

limiting factors but can provide positive information for behavioral inference. 

Part II is an actual analysis of Hohokam small sites using the methods discussed in Part I. Chapter 

Five presents the environmental and archaeological background of the Tortolita piedmont in some detail. 

These descriptions are intended to place the elongated scatter in a wider context. Culture-historical 

implications of this study are also introduced. 

Chapter Six examines the plausibility of the trail proposition. First, previously recorded 

prehistoric trails are reviewed. Second, several activities are assessed for their potential to deposit artifacts 

along a trail. This assessment suggests that water fetching has high potential to generate a linear refuse 
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scatter along a trail. Therefore, lastly, the feasibility of the scatter being a water-fetching trail is discussed. 

Chapter Seven further breaks down the proposition of water-fetching trail into analytically 

operational components to set the stage for the actual analysis presented in Chapter Eight. Specific 

procedures of data collection are also described in this chapter. 

Chapter Eight presents data analysis in relation to the lines of evidence that are deemed relevant 

to the research question of site function. Data from other sites in the Tortolita piedmont are also analyzed 

to provide comparative materials with the study area. 

This dissertation concludes in Chapter Nine with an evaluation of the proposed methods and a 

discussion of their wider implications. 
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PART I 

THEORETICAL TOOLS 
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CHAPTER TWO 

ROLE OF ETHNOGRAPHY IN ARCHAEOLOGICAL INTERPRETATIONS 

Ethnography is an essential source of information for socio-behavioml interpretation in archaeology 

because it is possible to observe both materials and behavior together in that context. At one level or 

another, ethnographic information is almost indispensable in socio-behavioral interpretation (Watson 1982). 

Ethnographic information must be analogically incorporated into behavioral interpretations in 

archaeology. That is, using observable similarities in material aspects, unobservable aspects, i.e., 

behavioral aspects associated with material remains, must be inferred from observed behavior in 

ethnography. Therefore, the key to a successful and reliable ethnogmphic analogy is to establish necessary 

relationships between material and non-material aspects. 

The use of ethnographic information is almost as old as archaeology itself. The compamtive 

method was an interpretation based on analogical reasoning. Criticisms against ethnographic analogy are 

old as well. Boas and his students launched thorough criticisms against the comparative method (e.g., Boas 

1948 [orig. 1896]; Lowie 1937). This Boasian movement effectively wiped out evolutionism, the 

comparative method, and, therefore, ethnogmphic analogy in American anthropology. While the use of 

ethnogmphic information for archaeological interpretations revived after the Boasian period, persistent 

criticisms against ethnographic analogy remain to this day. 

Although there are minor deviations, the major criticism against ethnographic analogy has been 

unchanged since Boas' publication of "The limitations of the comparative method of anthropology." It 

states, essentially, that there is no justification to equate present ethnogmphic groups to prehistoric groups. 

There seem to be two components in this criticism. First, since every sociocultural group is unique, no 

contemporary groups are a "fossilized past" Therefore, a direct projection of contemporary ethnographic 

cases onto prehistoric groups is to pigeon-hole the past into the mold of the present (Binford 1968a: 13, 
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1968b:269). The second component is that even when certain similarities are observed, such similarities 

do not necessarily guarantee similarities in unobserved characteristics. This is essentially a question about 

uniformitarian assumptions. 

PIGEON-HOLING THE PAST 

The first component of the criticism seems mainly to stem from a narrow view of ethnographic 

analogy. What the critics object to, presumably, is a procedure that considers a contemporary group to 

be "preserved into modem times because of its isolation" (Service 1962:8). A classic case of this type can 

be found in Sollas' interpretation of prehistoric groups using contemporary primitive groups, such as the 

pygmies and the Eskimo (Sollas 1924). However, this is not the only way to use ethnographic analogy in 

archaeological interpretation. 

While it is justifiable to say that every sociocultural group is unique and has its own history, it 

is impossible to compare the totality of cultures in the first place (cf. Murdock 1965: 146; Steward 1955:43-

63; Thompson 1956). Thus, an attempt to compare sociocultural groups as a whole is methodologically 

inappropriate. "Culture" does not contain any entity that is analytically operational. A significant 

contribution of materialist anthropology to archaeology is that it breaks down "cultures" into operational 

units. Comparable entities are, in some way or another, abstractions from reality (Thompson 1956:329). 

When the function of a prehistoric object is ascribed by ethnographic analogy, for example, a 

single prehistoric "bowl" is not compared with a single modem bowl: prehistoric "bowls" as a group, i.e. 

a type, are compared with the type "modem bowls." Compared features are, in this case, abstracted 

formal attributes of the objects functioning as "bowls." There is an infinite number of ways to abstract 

features of any entity/phenomenon/object. 

One of the most important characteristics of analogical argument is that the researcher can be 

concerned only with similarities in features relevant to hislher own question. One need not worry about 

differences so long as they are believed to be irrelevant; or even better. such differences in irrelevant 
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features may act to strengthen an overall argument. For example, in the smudge pit study (Binford 1967, 

1972a) , if Binford had shown that similarities in pit features relevant to hide smoking occur in a wide 

geographic area, say, in Africa and in North America, the difference in geographic areas, which seems to 

be irrelevant to hide smoking, would further strengthen the argument. "The point is that when certain 

features are associated in disanalogous circumstances, it would seem that their association is nonaccidental-

that the presence of some features of the set is relevant to the presence of the others" (Salmon 1982:63). 

Thus if the archaeologist sees relevance to questions in prehistoric archaeology, even an industrialized 

society could be a "fossilized past" in some respects; and in such a analogical link, the diversity in contexts 

is likely to aid in constructing a defensible argument for the presence of general regularities. Popper's 

notion (Popper 1962) of "corroborated hypothesis" is relevant to this issue. Popper argues that the most 

highly probable hypothesis is least interesting and has little explanatory power; the most interesting one is 

the least probable one. If the least probable hypothesis survives rigorous testing unfalsified, it is said to 

be "corroborated." "Interesting and powerful statements always have low probability, precisely by virtue 

of having a high risk of falsifiability" (Kelly and Hanen 1988:79). 

From this perspective, an analogy between a prehistoric group and an industrialized modem 

society is less likely to be appropriate than one between a prehistoric and a modem traditional group. 

However, if the former analogy is found to be appropriate, it would have more explanatory power and 

deeper implications. 

UNIFORMITARIAN ASSUMPTIONS 

A uniformitarian assumption must be always made in all ethnographic analogy. It is "an a priori 

claim of method that scientists must take in order to proceed with any analysis of the past" (S. Gould 

1977: 150). When sociocultural behavior is inferred based on observed similarities, an assumption of a 

constant relationship between inferred and observed similarities is an absolute prerequisite (Binford 

1981b:26-27). Thus, uniformitarian assumptions are the most vital component of ethnographic analogy. 
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However, as many critiques have argued, this is the most problematic area of ethnographic analogy as well. 

The issue is not that "the less the archaeologist must depend upon uniformitarian assumptions to infer past 

human behavior, the more valid his explanation will be" (Gould 1978:254-255), but that "the accuracy with 

which we can infer the past is directly related to the degree that our uniformitarian assumptions are 

justifiable" (Binford 1983a [1982]: 58). 

Ascher (1961) was the first who extensively discussed the issue of justifying uniformitarian 

assumptions. What he called "the new analogy" consists of "boundary conditions for the choice of suitable 

analogues." Further he argued that archaeologists should "seek analogies in cultures which manipulate 

similar environments in similar ways" (Ascher 1961: 319). Ascher's uniformitarian assumption asserted 

the uniformity among groups in similar environments with similar technologies, instead of evolutionary 

stages. Ascher's new analogy, however, covered only a portion of modem general analogy. Similarities 

in the premises of general analogy do not have to be environmental or technological. They may be 

economic, political, symbolic, ideological, or any kind of similarities as long as they are relevant to the 

inferred similarities. 

The challenge is to establish that such similarities between the past and the present are not just 

coincidence or not "wishful thinking" (Gould 1980:29), i.e. to substantiate uniformitarian assumptions. 

This can be accomplished in at least two ways: empirical generalizations and theoretical (causal) 

explanations. 

Empirical Generalizations 

The power of analogical arguments is related to the degree of diversity of cases that contain 

relevant similarities. If only one or a few ethnographic cases are used for the interpretation, the analogical 

argument is weak at best and the claim that the process observed ethnographically was ill operation in the 

past would not be easily defendable. This type of analogical argument, where only similarities are cited 

without qualification, is sometimes called formal analogy (Hodder 1982: 16; Wylie 1985) and has often been 
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criticized (see Wylie 1985 for such criticisms). However, as the number of confirming cases increases, 

a level is reached after which it is hard to deny the presence of regularities--even if the precise mechanisms 

that are responsible for the regularities are not stipulated or understood. 

Tylor (1889, cited in Harris 1968) and Spencer (1873-1933, cited in Harris 1968) first attempted 

to exploit this function of analogical argument to enhance the reliability of their interpretations. Murdock's 

method of cross-cultural survey (e.g., 1949) is essentially based on the same principle. K. C. Chang's 

(1958) study of social organizations and community patterns illustrates the use of empirical generalizations 

for ethnographic analogy in archaeology. 

Based on the belief that "analogies between prehistoric institutions and a single or a limited number 

of contemporary societies are dangerous" (Chang 1958:298), Chang conducted a "world-wide cross-cultural 

survey." By this survey, Chang attempted to find a "correlation between the settlement pattern of a 

dwelling site and the social grouping of its occupants" (ibid.). Subsequently, he applied the fmdings from 

the survey to the interpretation of prehistoric social groupings in New World "neolithic" societies. 

His fmdings showed a clear separation between social groupings -- nonlineage, monolineage, and 

multi lineage -- in terms of community pattern, such as unplanned, planned, and segmented villages (Chang 

1958, Table 1). Therefore, although Chang did not discuss why such social groupings are correlated with 

community patterns, given his large sample of groups (N = 53) and the clear patterning of the data, the 

interpretation of archaeological site patterns using this analogy seems to be warranted. 

Following the lead of Chang's study and Beardsley et at. (1956), several archaeologists have 

conducted cross-cultural ethnographic surveys about the relationship between architectural and socio-cultural 

features: for example, the relationship between the shape of house ground plan and settlement mobility 

(Robbins 1966; Guilman 1987), between status differentiation, the forms of marriage, settlement mobility 

and other cultural traits and the shape and the configuration of houses (Whiting and Ayres 1968), and 

between residence rules and floor area (Ember 1972; Divale 1977). 

The studies of residence rules and floor area by Ember and Divale illustrate an interesting 
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characteristic of empirical generalization and its utility in archaeological interpretation. Both studies agreed 

in their findings that there was a clear separation in the size of floor area between matrilocal and patrilocal 

societies. Matrilocal societies were associated with much larger floor area. However, Ember (1972:177-

178) and Divale (1977: 114-115) disagreed on the explanation of the patterns. Despite their disagreement 

in explaining the phenomenon, these studies suggest that at least some regularities exist in the relationship 

between residence rules and floor area. Therefore, floor area can be used as a "proxy measure" (McNett 

1979:59) to infer residence rules from archaeological architectural remains with confidence without 

understanding the precise mechanism behind this C' .Telation. 

For example, Martin and Rinaldo (1950:565-566, Fig. 219) reported a marked decrease in room 

size in the Georgetown and the Three Circle Phases from the Pine Lawn Phase. They also indicated the 

presence of conflicts and population increase during these latter two phases (ibid. :566). Martin and 

Rinaldo's original interpretation attributed matrilocal residence to all three phases. They mentioned the 

increase in importance of agriculture in support of their argument. However, since not all agriculturalists 

have matrilocal residence, this interpretation seems to be based rather on an implicit Puebloan analogy. 

A different plausible interpretation of the change in room size seems to be possible based on general 

analogies from the studies cited above. There is another cross-cultural study finding that patrilocality tends 

to be associated with feuding and internal warfare and matrilocality coincides with relatively small 

popUlations (Witkowski 1977:664). With this finding and those of Ember and Divale, the room size 

difference can be interpreted as the reflection of a change in residence rules, from matrilocal to patrilocal, 

in response to internal strife and popUlation increase in Pine Lawn Valley during the transition from the 

Pine Lawn Phase to the latter two phases. 

However, empirical generalizations are not always successful for archaeological interpretation. 

PopUlation estimates based on architectural features pioneered by Naroll (1962) have been widely studied 

by many archaeologists and etbnologists(e.g., Cook and Heizer 1965, 1968; see Cook 1972: 12-23; Hassan 

1981:63-78; Kolb 1985 for thorough reviews). The application of the Naroll model to archaeological 
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remains has not been very successful (Binford et al. 1970; LeBlanc 1971). 

The presence of a definite correlation between roofed area and population size is not deniable. 

This general relationship seems to be repeatedly confirmed by studies in many different areas. It is also 

undeniable, however, that there is a great deal of variation in the quantitative relationship between the area 

and population size. The model fails to accommodate such variability and to become a general model. 

It is also apparent that population size, though a primary variable, is not the only one affecting settlement 

area (Kramer 1979). A large quantity of data from many different societies, in effect, introduces large 

variability into the model from an increasing number of uncontrolled variables. Thus, the merits of cross

cultural survey for extracting useful analogies for making quantitative inferences, such as popUlation size, 

cannot be fully exploited without a better understanding of the mechanisms of how popUlation size 

determines or does not determine settlement area (cf. Kramer 1979). Until then, historically connected 

analogy appears to be a better choice to yield reasonable results because variability caused by uncontrolled 

variables is limited (Hill 1970:75-81; Haviland 1969; Longacre 1976; Sumner 1979). 

Theoretical Justification 

The second means to give uniformitarian assumptions plausibility is to provide a theoretical 

justification, or "demonstrate that similarities between past and present situations are relevant to the 

'unknowns' that are being interpreted" (Hodder 1982: 19). 

Medical experiments on animals furnish a good example of analogies with theoretical justification. 

The effects of a new drug are often tested with mice and other animals before it is offered for humans. 

Despite overall dissimilarities, the results of animal experiments are believed to be relevant to human 

responses to the new drug because certain groups of animals including humans have very similar 

physiological responses to chemical stimuli at a fundamental level. Therefore, the probable human 

response to the drug can be "inferred" from animal experiments. 

The concern to ensure the relevance of the comparison by explaining why and how things work 
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culminated in "ethnographic models" in archaeological interpretation (cf. Flannery 1967). Since the early 

1960's and perhaps the 1970's at its peak, numerous "models" have been proposed to link ethnogmphic 

data with archaeological observations (see Clarke 1972 for a whole volume devoted to such models). For 

example, while Ascher was not explicit about why cultures should "manipulate similar environments in 

similar ways" (1961: 369), this statement was essentially based on cultuml ecological theories. 

Ascher's call was followed by studies using more explicit cultural ecological models (e. g., Sanders 

1964). However, the theoretical justification for analogical relevance does not necessarily have to come 

from cultural ecology. As long as a theory reasonably explains a constant relationship between 

sociocultural behavior and material culture with defined boundary conditions, such theories may come from 

"nearly all other social and natural sciences" as well as from archaeology itself (Schiffer 1988:463). The 

interpretation of settlement patterns by analogies from modem societies on the basis of economic 

geography, such as the Central Place Theory, is such an example (Hodder 1972, 1975; Hodder and Orton 

1976). Phillips and Rathje (1977) provide another example, in which economic principles are used to link 

economic systems in vastly different societies in time and space (the ancient Maya and modem industrial 

societies). 

Nonetheless, cultural ecology (and ecological anthropology) has had by far the most far-reaching 

influence on archaeological interpretation, especially in hunter-gatherer archaeology, since the 1960's 

(Jochim 1979; Moran 1984, 1990). The reasons for the far-reaching effects in archaeology of these 

materialist theories are many. To summarize them, at the genemllevel, cultuml ecology llad the ultimate 

objective of human behavior--Le., adaptation to the environment--in its theoretical framework. Thus, 

according to this position, principal aspects of human behavior can be evaluated and predicted in terms of 

their adaptive value within this fmmework. This feature makes a clear contrast between cultural ecology 

and earlier theories concerning man and environments under possibilism (Wissler 1926; Kroeber 1939). 

Possibilism considered environments only as a limiting factor, not as causally related to cultural phenomena 

-- a reaction to a still older environmental determinism. Possibilism's basic tenet was: 
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While it is true that cultures are rooted in nature, and can therefore never be completely 
understood except with reference to that piece of nature in which they occur, they are no more 
produced by that nature than a plant is produced or caused by the soil in which it is rooted. The 
immediate causes of cultural phenomena are other cultural phenomena (Kroeber 1939: I, emphasis 
added). 

Therefore, possibilism cannot or will not effectively relate similarities in environments to cultural features. 

At a specific level, variables that are regarded as important by cultural ecology (sensu Steward 

1955), such as environment, subsistence and technology, happened to be ones that are recoverable with 

relative ease by archaeology and that are important archaeological issues. Steward's view of cultural 

adaptation has been criticized in various ways, for example, that his "causal" relations may simply be 

recurrent correlations, that the choice of elements for the culture core is too limited, and that Steward 

discounted the adaptive values of ritual and ideological features (Vayda and Rappaport 1968:468-489). 

However, while energy flows, for example, may be important in ethnological studies of human adaptation 

(Lee 1969), this issue cannot be realistically addressed in archaeology or probably is not very important 

for the interpretation of archaeological evidence. Rather, the concentration upon Stewardian cultural cores 

appears to be more productive (Flannery and Coe 1968; Gorman 1972; but see Jochim 1979:104 for a 

different opinion). This is not, however, to deny the potential of ethnographic information outside of 

Steward's scheme to be incorporated in archaeological interpretations under the concept of adaptability, 

such as religious and ideological aspects (e.g., Netting 1977; Rathje 1971, 1972, 1973) and a quantitative 

energy flow analysis of the ecosystem (e.g., Zubrow 1975). 

Summary 

Uniformitarian assumptions in general analogies can be reinforced by either citing many 

confirming cases or showing necessary relationships between features in the premises and the conclusion. 

The latter function is carried out by well founded theories. It has been shown that cultural ecological 

theories have been particularly important in archaeology, but this does not necessarily mean that other 

theories are less useful. It all depends upon what is to be interpreted. The reliability of the type of 
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analogy backed by such theoretical explanations is directly contingent on the reliability of the theories. 

Therefore, studies contributing to refining such theories are indeed fruitful for developing analogical 

reasoning in archaeology. While many such theories can and will come from other disciplines, 

archaeologists can equally contribute to generating and refining useful theories through "actualistic studies" 

(Binford 1981b; see also Reid, Schiffer, and Rathje 1975, "Strategy 2" of behavioral archaeology). 

ROLES OF HISTORICAL CONNECTION 

There is a special form of ethnographic analogy called "the direct historical approach" (Wedel 

1938; Steward 1942). In this form, similarities are sought in contemporary groups that have a direct 

historical connection with a target prehistoric group. The historical connection is assumed to be strong 

enough to ensure comparability between features in socio-cultural groups with a historical connection. It 

is generally believed that historically connected analogies are more reliable than others (Gould 1978; 

Hawkes 1954; Hodder 1982). A rationale for this view seems to be that features transmitted through 

historical connections are still similar among the direct descendants in a conservative group. Thus, it is 

implicitly assumed that historical connection replaces uniformitarian justification to ensure relevance of 

analogies. While it is more likely that two historically connected groups are overall more similar than any 

other two groups without historical connection, this may not be the case in the comparison of any given 

feature (e.g., Ezell 1963; Longacre 1984; Lekson 1988). 

Modem historians were greatly concerned with anachronism --"awareness that the past differs in 

fundamental respects from the present" (Ritter 1986:9). Burke (1969: 1) called anachronism one of the 

three basic aspects of the modem sense of history. In anthropology, as Lowie forcefully argued many 

years ago (1937), today's societies are the products of long historical processes of change. Recently, Wolf 

(1982) undertook a grandiose enterprise to synthesize how groups distant from one another have been inter

connected synchronically and have been transformed by such interconnections. This is not an attempt to 

discuss simple diffusionism, but to demonstrate active interplay between different social entities, even when 
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they were once believed to be generally isolated. 

While historically connected analogy often implies that historical connection can replace 

uniformitarian assumptions, rather the uniformity is implicitly assumed on the basis of historical 

connection. However, although historical connection does imply a higher probability that any given feature 

is indeed analogous between historically connected groups, historical connection ~ ~ cannot guarantee 

the relevance of the comparison. Rather, since historically connected entities likely have more features in 

common, more relevant features can be cited to raise interpretive plausibility. In other words, in spite of 

numerous similarities, if no relevant features can be specified between entities, then historical connection 

itself cannot affect the reliability of the argument. Of course, many studies using historically connected 

analogies were carried out with an awareness of this fact, and use criteria to enhance the reliability of 

interpretations by uniformitarian assumptions between historically connected entities (e.g., Vogt 1968; 

Masse 1980; McGuire 1977; Watson 1979b). The dichotomy between historically connected and general 

analogies becomes less pronounced with this view (Wylie 1985:72). This fact suggests that even 

historically cOlmected analogies need some qualifications to establish comparability just as do general 

analogies. 
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CHAPTER THREE 

BEHA VIORAL CORRELATES OF CERAMICS 

Correlates are fundamental building blocks for behavioral inferences. Without correlates, 

archaeological remains are totally mute. Correlates are defined here as statements that relate any 

archaeologically observable phenomenon to unobservable aspects associated with that phenomenon (cf. 

Schiffer 1976: 13). With this definition, correlates, though implicit in most cases, are almost always used 

in any type of archaeological interpretations, even in some chronological and typological interpretations. 

This chapter, however, is not an exhaustive discussion of correlates. Rather, it intends to provide 

only a specific background for the analysis of human activities using ceramic correlates. The analysis that 

views ceramics as once-functional tools attempts to draw evidence of human activities. The concept of 

"tool kits" (Binford and Binford 1966; Binford 1983b:147) furnishes an ample theoretical framework for 

such analysis. 

However, the "tool kits" concept did not emerge from a vacuum. It was preceded by a long 

development of "functional" interpretations after almost total suppression of socio-behavioral interpretations 

during the Boasian era. The most significant characteristic of tool kit analysis is that it clearly recognized 

portable artifacts as a source of information about past human activities. Preceding this development, most 

socio-behavioral interpretations relied upon correlates from non-portable artifacts -- i.e., structures and 

features. Structures and features would provide specific behavioral correlates, while portable artifacts, 

"when taken alone, are not definitive indicators of specific activities" (Seymour and Schiffer 1987:586). 

Therefore, some theoretical progress was necessary before portable artifacts could be employed rigorously 

in socio-behavioral interpretations; the "tool kits" concept provides a framework for this task. 

Ceramics have contributed little toward interpretations of human activities, even though ceramics 

have been the center of archaeological analysis in neolithic archaeology. Chronological inferences are 
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almost impossible without decorated ceramics. Ceramic topologies not only provide the basis of 

chronological inferences, but also suggest the interaction between groups through stylistic similarities. With 

physico-chemical analyses, such as neutron activation and x-ray fluorescence, ceramics supply rich 

information for locational inferences. Since the advent of the new archaeology, stylistic analysis of ceramic 

decoration for socio-behavioral inferences become popular. Despite the extensive list of ceramic studies, 

ceramics remain of very minor importance for interpretations of human activities (cf. Mills 1989). 

The major reason for this peculiar absence of ceramics in such interpretations is that ceramics have 

rarely been treated as once-functional tools in past cultural systems. Rather, ceramics have been usually 

seen as temporal and spatial "markers." While ceramics indeed provide invaluable information for those 

purposes, "they are made to be used as containers" (Braun 1983: 107). 

Many of the attributes of pottery routinely recorded from sherds for purpose of cultural-historical 
classification are, in fact, evidence of the techniques used by potters to achieve particular 
characteristics of utility in the finished vessels (Braun 1983: 107). 

Recently, several archaeologists have expressed a similar concern and started systematic studies that 

incorporate this vast pool of information into behavioral inferences (Braun 1980, 1983; Smith 1983, 1985). 

The potential contribution of information derived from ceramics as tools is very significant. The 

perspective of ceramics as tools can effectively incorporate previously little used classes of ceramics, such 

as plain ware or "utility ware, " which have little significance in chronological inferences. 

This chapter is organized in three sections. The first section describes the development of 

functional interpretations in archaeology. This section serves to provide a background from which tool kit 

analysis was developed. The second section reviews tool kit analysis and an extension of the analysis, floor 

assemblage analysis for room function. Then the last section discusses recent studies of ceramics as tools 

to place ceramic "tool kit" analysis in perspective. 

THE DEVELOPMENT OF FUNCTIONAL INTERPRETATIONS 

After the Time-Space Revolution (Taylor 1954), the mainstay of American archaeology became 
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chronology building and typological classification, which reflected the direction of Boasian anthropology 

in general: "the concern was for facts" (Longacre 1970a:5). Many socio-behavioral interpretations (e.g., 

Mindeleff 1900; Fewkes 1900; Cushing 1890) once offered were abandoned. Meticulous descriptions of 

finds and chronological placements of such elements dominated the archaeological literature. Toward the 

end of the Boasian era (ca. 1940), revived interests in socio-behavioral interpretations were beginning to 

be expressed by some archaeologists and cultural anthropologists. 

Bennett describes the rise of functional interpretations in archaeology (Bennett 1943:215): 

Vnce the temporal sequences in the various areas have been worked out, further contributions on 
pure chronology and typology become repetitive and somewhat sterile .... It would seem natural 
that these workers should see the possibilities in the study of material culture along nonhistorical 
lines. 

Calls for the investigation of cross-cultural regularities, or "culture process," were expressed by Steward 

and Setzler in 1938, and echoed by Kluckhohn (1940), Bennett (1943), Taylor (1948), and others. It is 

hard for us today, given that most archaeological interpretations currently practiced are oriented toward 

human behavior, to understand that most archaeologists then were still trying to construct chronologies and 

describe objects. Only a handful of studies actually attempted functional interpretations during the 1930's 

and 1940's (e.g., Martin et a1. 1936, 1938; Martin and Rinaldo 1939; Rouse 1939; Bennett 1944a, 1944b; 

Steward 1937). 

Paul S. Martin's major objectives in conducting archaeological work in the Ackmen-Lowry area 

of southwestern Colorado were historical -- to gather more data to fill gaps in the chronological sequence 

of the area (Martin et a1. 1936:22-23; Martin et a1. 1938:236-238; Martin and Rinaldo 1939:321-322). 

Martin clearly indicated, however, that he did not consider classification of artifacts and chronological 

sequences as an end in itself. He called all of these descriptive data "minutiae" (Martin et a1. 1938:295), 

and went on to express his convictions about functional interpretation: 

Is it possible to make from them [artifacts] any conjectural interpretation of cultural variation? 
I believe it is. (Martin et a1. 1938:295) 

From typological variation in artifacts can one infer a corresponding variation in culture? ... I 
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think one can (ibid. :297). 

The relationship between non-material and material aspects of culture was proposed as the major question 

in an approach of "conjectuml reconstruction." Martin's actual "conjectuml reconstruction" included the 

interpretation of social organizational change through time in the study area. He used a loose evolutionary 

folk-urban model (cf. Redfield 1947) to infer social stability and change as viewed in structures and 

artifacts (Martin et al. 1936:206-209; Martin et al. 1938:298-300). His procedure was preliminary at best. 

He did not use any specific ethnographic data but the abstraction of material traits; and he uncritically used 

the ethnogmphic model with no citations. Nonetheless, Martin exhibited a keen awareness of general 

archaeological interpretation, which was truly exceptional for his time. 

It is not surprising that Martin (with J. Rinaldo) published a monogmph containing one whole 

chapter devoted to the analysis of social organization (Martin and Rinaldo 1950). Their intention was 

clearly expressed: 

But we wanted to go farther. Could we analyze our data in such a way that we could perceive 
trends, if any existed, in culture growth? Could we interpret these trends and raw data -- such 
as location of house sites, kind and number of houses per time phase in a given area -- to see if 
they would lead to probable inferences concerning social organization of the long dead Mogollon 
Indians? Would it be possible to utilize the analyses of fully described recent social systems to 
make guesses concerning the social structure of dead cultures? 

We thought we could do all this ... (ibid.:556, emphasis added). 

It is not surprising, either, that the classic works of the new archaeology on social organization, such as 

Longacre's (1970b) and Hill's (1970), were produced under Martin's supervision. 

J. Steward published an article that had significant implications in the development of functional 

interpretation and foreshadowed later "processual" studies (Steward 1937). He convincingly correlated his 

cultural ecological theory and archaeological findings in the Southwest. His arguments were in the format 

that he tested his theory on the development of social organization, from territorial bands to clans, with 

archaeological data from the Southwest. Steward was much more explicit and specific than Martin in 

presenting his interpretations. Relevant variables, such as subsistence, population, and community patterns, 

were unambiguously stated. Owing to the paucity of available archaeological data from the Southwest at 
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that time, his reconstruction of prehistoric subsistence tended to be speculative. Nonetheless, the outline 

of cIan development appears to be viable, even today. 

Outside of the Southwest, J. W. Bennett's paper (1944a) is prominent. This is one of the first 

studies by archaeologists (though Bennett's major area of study later became cultural anthropology) based 

on ecological theories. Using hoth archaeological and ethnographic/ethnohistorical data from southern 

Illinois, Bennett investigated the relationship between culture and environment. He treated both 

archaeological and ethnographic data on the same grounds based on his belief in the presence of "an 

underlying uniform set of relationships between culture and environment that would hold true in illll: 

environment and in illll: culture of the same typological varieties [of cultural adaptations]" (Bennett 

1944a:476, emphasis added). He showed that certain aspects of prehistoric cultures can be interpreted 

using findings from specific cultural adaptations observed today with a set of sound theories. This study 

set a precedent for the numerous cultural-ecological studies conducted in archaeology many years later. 

After these initial attempts, functional interpretation gradually increased its role in archaeological 

interpretation. Studies of settlement patterns were a prominent area of this development during the 1950's 

and 1960's (Willey 1953, 1956; Chang 1958, 1968; Trigger 1967). Behavioral correlates used in the 

studies were still mainly derived from non-portable artifacts. While there are a few early analyses of 

portable artifacts for non-chronological/typological interpretations (e.g., Cole and Deuel 1937; :Linton 

1944), information encoded in portable artifacts was not intensively exploited until the era of the new 

archaeology. 

PORTABLE ARTIFACT ANALYSIS -- "TOOL KITS" 

The use of portable artifacts for behavioral inference became more extensive as the new 

archaeology movement progressed. Lewis Binford undoubtedly played the major role in this development. 

Binford expressed his view that artifacts are the reflection of human behavior and, therefore, that 

behavioral information can be drawn from artifacts (1968a:21-22): 
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It is virtually impossible to imagine that any given cultural item functioned in a sociocultural 
system independently of the operation of "nonmaterial" variables. Every item has its history 
within a sociocultural system--its phases of procurement of raw material, manufacture, use, and 
fmal discarding ... There is every reason to expect that the empirical properties of artifacts and 
their arrangement in the archaeological record will exhibit attributes which can inform on different 
phases of the artifact's life history. 

Of course, the notion that artifacts can inform on past human behavior was not the invention of Binford. 

Several scholars had suggested such a possibility before Binford (Taylor 1948; Martin et al. 1938; Rouse 

1939). The impact of Binford was much stronger than any of his predecessors, partly because he has 

demonstrated that his theoretical framework can obtain new knowledge of the past by numerous specific 

examples. 

One of Binford's studies along these lines deals with the famous Mousterian problem. In order 

to explain Mousterian interassemblage variability, Binford introduced the concept of "tool kits" (Binford 

and Binford 1966). He argued that a certain set of stone tools corresponds to a specific human activity and 

that site assemblages consist of different combinations of several tool kits (Binford and Binford 1966; 

Binford 1973, 1983a, Chapter 8). Thus, past human activities at a site can be inferred by analyzing tool 

kits. Although particular studies based on the concept of tool kits have been criticized (e.g., Schiffer 1974, 

1976), such criticisms were not directed toward the concept of tool kits itself. Rather, the criticisms were 

directed at simplistic treatment of the archaeological record that equates observational units with behavioral 

units (see Carr 1984 for an extensive discussion). The tool kit concept still provides an important 

theoretical basis for portable artifact analysis. 

While the original tool kit analysis by Binford dealt with lithic artifacts, the concept had potential 

to encompass any other artifacts. Binford himself, for example, also applied the concept to modem tools 

among the Nunamiut Eskimo (Binford 1978a). Other archaeologists extended the concept to the general 

analysis of archaeological assemblages. One type of such studies that became prevalent, beginning in the 

1970's, is floor assemblage analysis for specifying room function (Ciolek-TorreUo 1978, 1984; Hill 1968, 

1970; Jorgensen 1975; Schiffer 1976). 



42 

The subject of all of these analyses was prehistoric Pueblos. While various aspects of these studies 

have been criticized, such criticisms wiII not be repeated here (see Schiffer 1985 for a review of these 

studies and for references to other criticisms). What is relevant for the current discussion is that they 

represent a major group of studies using portable artifacts for behavioral inference. 

Hill's and Schiffer's studies used floor artifacts to test room functions derived from room size, 

the presence/absence of firepits, and Puebloan ethnographic analogy. The other studies by Ciolek-Torrello 

and Jorgensen attempted to "find" room functions through floor artifacts by using factor analysis. Despite 

surface differences in analytic methods, all of them exploit correlates of floor artifacts in their inferences. 

The specificity of correlates derived from ceramics, however, varied greatly. Both Hill and 

Ciolek-TorreIIo explicitly specified behavioral correlates of ceramics as weII as other artifacts (HilI 

1970:48-56; Ciolek-TorreIIo 1978:91-100). Although Hill's analytical units were standard ceramic types 

rather than a more functionaIIy specific classification, he related pottery forms and wares (e.g., 

corrugated, decorated, or smudged) with specific activities (1970:48-56). Ciolek-TorreIIo used formal 

distinctions of ceramics (i.e., jar, oIIa, bowl and plate) as the variables in the factor analyses. However, 

the ceramic classes were assigned similar factor loadings (Ciolek-TorreIIo 1978, Table 18, 1984, Table 3). 

Therefore, behavioral information potentiaIIy contained in subclasses of ceramics was not fuIIy utilized in 

his interpretation of room function. Schiffer's use of artifacts for room function inferences is cursory. 

For ceramics, he used sherd counts to represent ceramic variability in rooms (Schiffer 1976, Table 11.2); 

his objective was merely to show the difference in floor artifacts between rooms with and without firepits. 

Jorgensen's analysis simply did not include ceramics in her variables because, she claimed, such data were 

not available (Jorgensen 1975: 150). 

More recently, Seymour and Schiffer (1987) present a much more thorough analysis of pithouse 

assemblages from Snaketown. The implications of formation processes are extensively discussed. Their 

analysis includes not only pithouse artifact assemblages but also outdoor activities and secondary refuse 

deposits. They found that waste materials, such as sheII debris, are more reliable indicators of activities. 
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However, ceramics in relation to activities are not extensively discussed. Rather, ceramic data are used 

to evaluate the depletion of de facto refuse. Rice (G. Rice 1987) also analyzed floor assemblages for room 

(Pithouse) function at Muchas Casas and Rancho Derrio. While only 11 of the 86 Sacaton houses at 

Snaketown analyzed by Seymour and Schiffer have one or more whole vessels (1987:574), 80% of all 

excavated structures at the latter sites were burned and showed little sign of scavenging (G. Rice 1987). 

Therefore, these structures contain a large number of artifacts. Rice identified four types of pithouse 

functions including habitation, manufacturing, storage, and meeting room. An unusual type of room 

function is found in the storage class. In these storage rooms, which lacked hearths, many ceramic vessels 

were found. While such features are usually interpreted as storage rooms for food and other commodities, 

Rice claims that they were for storing ceramic pots based on pollen analyses and the types of vessels 

present (G. Rice 1987:100-101; but see Bubemyre 1991). In this context, he uses inferred functions of 

vessels--plates and shallow bowls that are not suited for storing food comprise 40% of the assemblage--to 

infer the room function, ceramic storage houses. Except for this rather negative evidence, ceramics again 

do not play an important role for inferring the types of activities at these locations. 

There seem to be several reasons why ceramics do not contribute much to these "tool kit" analyses 

of room function. First, information derived from non-portable artifacts, such as room dimensions and 

form, and the presence/absence of firepits and mealing bins, seems to provide much more clear-cut 

evidence, especially in pueblos, for room function. Three basic distinctions in Pueblo room functions, 

habitation, storage, and "kiva," can be made on the basis of features and room characteristics (Hill 1970; 

Schiffer 1976). 

Second, since rooms--the spatial unit of analysis--are a part of sites, a myriad of formation 

processes severely intervenes between room assemblages in systemic context and in archaeological context 

(Schiffer 1985; Seymour and Schiffer 1987). Extra elements may have been introduced on the floor as 

refuse. Many artifacts that were once a part of room assemblages have been deleted from the floor by 

curation, scavenging and other formation processes. While it is most likely that such missing elements are 
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present somewhere in the site, a particular association as a room assemblage has been forever lost. The 

spatial unit of the original tool kit analysis carried out in paleolithic sites was often an entire site. While 

curation still could have depleted systemic assemblages, discarded artifacts were most likely to be deposited 

within this spatial unit. Thus, a site assemblage in archaeological context would provide a fairly complete 

representation of a systemic assemblage although spatial association and quantitative composition are likely 

to be distorted by formation processes. 

Third, unlike normative categories of room function, activities in rooms could have overlapped. 

Thus, systemic ceramic assemblages in rooms may not have been as differentiated as implied by "room 

functions. " 

CERAMIC "TOOL KITS" 

While ceramic "tool kit" analysis of room functions based on floor remains may not be as 

successful as desired, by analogy with lithic analysis, ceramic tool kits could be useful in distinguishing 

activities at the site level. This type of information seems to be well-suited for the problem of small sites. 

Small site assemblages consist mostly of ceramics--plain ware ceramics. Intersite comparisons of ceramics 

as functional containers is one promising way to sort out variability existing among those sites (cf. Braun 

1980). This area of ceramic analysis has not been well developed (cf. Braun 1983; Smith 1985). It 

requires the archaeologist to analyze ceramic containers as functional tools. Before proceeding with a 

further discussion of ceramic tool kits, I first briefly review extant studies of ceramics. 

Ceramic Studies 

For neolithic societies, ceramic analysis is the dominant area of archaeological analysis, yet only 

a small portion of those studies is devoted to analyzing ceramics as containers and as functional tools. It 

is precisely this aspect that appears to provide the most useful information for the particular problem 

examined in this dissertation. 

The most intensively used correlates of ceramics are chronological correlates. Classification of 
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ceramics is the first major study of portable artifact analysis in archaeology, which is closely tied to 

chronology building. Since ceramic sequences have been established in many areas, typological analysis 

explicitly aimed toward chronology building is seldom conducted any more. However, fine adjustments 

of ceramic chronology with absolute and chronometric dating still remain as an important area of 

archaeological inquiry (e.g., Marquardt 1978; LeBlanc 1975; Henderson 1987; Doelle et a!. 1987; Ciolek

Torrello et a!. 1988; Wallace and Craig 1988; Wallace 1986; Dean 1991). 

The major reason why ceramic classifications for chronological inferences were developed first 

is probably that dating is the most indispensable aspect in archaeological interpretations. More implicitly, 

chronological inferences are more intuitively obvious. Stylistic attributes can be ordered in terms of 

stratigraphic sequences. Barring extensive disturbance, the derivation of chronological inferences from 

stylistic attributes as material correlates of temporal variation is straightforward. 

As "functional" interpretations developed, socio-behavioral inferences have also been sought from 

stylistic attributes as well. During the 1960's a series of studies was conducted to infer sociological 

characteristics from ceramic designs (Cronin 1962; Deetz 1965; Longacre 1970b; Hill 1970). Although 

design elements were the unit of analysis in these studies, design elements per se do not provide correlates 

needed for the studies. Rather, correlates were derived from spatial distributions of design elements (see 

Hill 1970, Table 12 for an example). Unlike chronological inferences, to interpret design element 

distributions as correlates of social organization (marital residence rules) is not straightforward. This 

linkage needed extensive theoretical support which is now known as social interaction theory (Plog 1978, 

1980). These classic studies in the early new archaeology have been extensively criticized from several 

standpoints: the assumptions made in the social interaction theory (Stanislawski 1973; Hodder 1977), 

analytical procedures using ambiguous "design elements" (Plog 1978), and inadequate consideration of 

formation processes (Schiffer 1976, 1987; Skibo et aI. 1989; see Chapter Four), among others. However, 

the importance of these studies for the current discussion is that (1) they represent the first studies that 

sought socio-behavioral correlates in ceramics; and (2) these studies recognize ceramic decoration as a 
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major information source for socio-behavioral correlates and stimulated many studies that followed. 

Another major group of ceramic studies is often called provenience studies. These studies aim 

to identify the location of ceramic production from chemical/mineralogical evidence in ceramics. When 

other lines of evidence are combined with locational evidence, broad sociological inferences can be made, 

such as movement of ceramics, people, or both (e.g. Deutchman 1980; Rands and Bishop 1980). A sharp 

increase in chemical composition studies of ceramics coincided with the development of sophisticated 

physico-chemical techniques, such as X-ray analysis and neutron activation analysis. However, 

mineralogical as well as some chemical analyses were conducted much earlier (e.g., Shepard 1936; Hawley 

1938). 

These existing studies share a characteristic in that they all use sherds as the observational as well 

as analytical unit. Sherds, of course, are not the behaviorally significant unit (but see Sullivan et aI. in 

press; Van Buren et aI. n.d. for a case in which sherds appear to have been tools). While studies using 

sherds contribute to understanding the past and are all but indispensable, a vast area remains to be explored 

in ceramic analysis. 

Toward Ceramic Tool Kits 

It may not be a gross understatement to claim that very little has been done using the behavioral 

information contained in ceramics. This requires using vessels as the analytical unit because vessels are 

the behaviorally significant unit in systemic context. This does not necessarily mean that whole vessels 

always have to be the observational unit. Rim and neck sherds can indicate approximately the kind of 

vessel they represent (e.g., Braun 1980). On the other hand, even when whole vessels are analyzed, the 

investigator does not necessarily recognize ceramic vessels as tools. While many archaeological reports 

have described the kinds of whole vessels found, using such vessels in analysis is rather rare. 

Linton's study (1944) is probably one of the first to draw information from ceramic vessels as 

tools for behavioral inference. His study deviated remarkably from the then mainstream of American 
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archaeology--classification and chronology. Based on form and inferred mechanical and thermal 

performance of "cooking pots" in North America, Linton attempted to infer the subsistence base of the 

ceramic users. Turner and Lofgren (1966) used ratios of whole vessel capacity to infer changes in 

household size among the prehistoric pueblo. 

A more formal theoretical statement about the possibility of ceramic tool kits came from, who else, 

Binford (1972b [1965]:200): 

The study of primary functional variation is essential to the understanding of the sociocultural 
systems represented by the artifacts, in this cases ceramics. The nature and number of 
occurrences of functionally differentiated container types can yield valuable information about the 
size of social segments performing different tasks. Even in cases where specific functions cannot 
be determined for the recognized types, the spatial configuration of their occurrence tells 
something about the spatial structure of differentiated activities within or between sites (emphasis 
added). 

With this statement, Binford presented a brief analysis of the social organization inferred from the size of 

cooking vessels of the Havana tradition of Illinois and the Scioto tradition of Ohio. 

A first step toward ceramic tool kit analysis is probably to determine the function of vessels. 

There are many lines of evidence to infer vessel function, such as performance characteristics (Braun 1983; 

Hally 1986; Schiffer and Skibo 1987; Schiffer 1989; Sassaman 1991), residue analysis (Skibo 1990), and 

use wear (Griffiths 1978; Bray 1982; Hally 1983a; Sassaman 1991). But, formal variability in ceramic 

vessels provides the most directly observable clues to vessel function. While all variability in the formal 

dimension is not directly related to a vessel's primary (intended) function, certain attributes are undoubtedly 

constrained by functional needs. The relationship between formal and functional variability has been 

investigated through ethnographic ceramics, where the intended function of vessels is known (Thompson 

1958; Braun 1974 [cited in Plog 1980], 1980; Smith 1983, 1985; Crown 1983; Henrickson and McDonald 

1983; Miller 1985). Smith (1983, 1985) exhaustively studied the relationship between vessel function and 

vessel formal attributes, such as size and shape. After he examined an extensive list of formal attributes 

with known function, Smith (1985:254) concluded that "the functions of domestic pottery are strongly 

reflected in size and shape of the artifacts." Braun (1974, 1980) also arrived at the same general 
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conclusion by examining ethnographic pottery in the Southwest. He found that the size of the orifice and 

the presence/absence of a zone of restriction at the vessel mouth are particularly important in distinguishing 

vessel functions (1980: 172-173). Another important finding of Braun's study contradicts the common belief 

that "vessels are sometimes used for purposes for which they are not well suited by form" (Shepard 

1968:228). Braun found that "particular vessel forms tended to be used for particular types of activities in 

all groups whose assemblages he studied" (Plog 1980:83, referring to Braun's 1974 study). Thus, while 

Shepard's warning is justified, "the vast majority of vessels of similar form would still be used primarily 

as intended" (Braun 1980:173). Crown (1983) studied a similar range of groups in the Southwest as Braun. 

She arrived at the conclusion that various ratios, such as aperture to width and height to width, are also 

related to vessel use. Although Miller (1985:60) argued that certain morphological characteristics are 

probably non-functional, at the same time, his data on ceramics from central India clearly indicate that 

functional needs dictate many formal characteristics. 

Based on these studies it can be concluded that formal attributes of ceramic vessels can be used 

to acquire, at the least, the intended function of vessels with some confidence. Therefore, if formal 

attributes can be observed, or reconstructed, from archaeological sherds, they should provide behavioral 

correlates relating to ceramic use. Recently, an increasing number of studies have investigated the function 

of archaeological vessel classes (e.g., Deal 1982; Lischka 1978; Nelson and leBlanc 1986; Hally 1983b, 

1986). The process of identifying and interpreting ceramic "tool kits" are, however, still in its infancy. 

The functional analysis of ceramics tends to concentrate merely on vessel use, but studies that further 

explore the implications of inferred ceramic functions in activities of the ceramic users are still a minority. 

There have not been many studies that attempt to identify a set of ceramics with a particular kind of 

activities. 

Shapiro (1984) hypothesized that the composition of storage vessels and the size of carinated bowls 

are an indicator of site permanence and group size. He tested this proposition by comparing ceramic data 

with inferred site permanence and group size from other characteristics, such as site size, structures, and 
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features, at four Mississippian sites in Georgia. Although the result of the ceramic analysis is generally 

successful in conforming to the expectations raised by inferences from nonportable artifacts, Shapiro's 

ceramic analysis by itself does not add much more information than that already inferred. 

Plog (1980:93-96) attempted to infer the function of small pueblo sites in the Chevelon area from 

percentages of bowls, decorated and undecorated jars, classes which roughly represent three different 

functions -- food serving, storage, and cooking, respectively. The specific purpose of his analysis was to 

determine whether these small pueblo sites were seasonally or permanently occupied. He compared the 

percentages of these classes of vessels with those from sites in the Pinedale area, which were believed to 

be permanently occupied. He argued that if the Chevelon sites were seasonally occupied, there should be 

a significant difference in the proportion of storage vessels. i.e., decorated jars. Since he found no 

significant difference, he concluded that the Chevelon sites were permanently occupied. While he 

demonstrated that decorated and undecorated jars as a whole differ significantly in orifice diameter, 

collapsing all jars into two functional classes based on decoration may mask certain variability within the 

classes. 

Braun's study (1980) of prehistoric sites in northern Arizona went into exceptional detail. He 

classified vessels around the concepts of "frequency of access" and "containment security" into 42 possible 

categories using orifice size and rim and neck morphology (Braun 1980:172). His actual analysis was 

performed on 1358 rim sherds from 19 sites in the Flagstaff area. Based on 29 out of the 42 possible 

vessel forms he identified, he inferred activities at the 19 sites. He succeeded in distinguishing four site 

types including temporary camps, resource procurement locations, seasonally occupied sites, and 

permanently occupied sites (Braun 1980:215-220). This represents probably the only existing study of 

ceramic tool kits. Although he drew intended vessel functions from ethnography, the implications of 

particular combinations of vessel classes were derived from a purely logical standpoint. 

Braun's study has far-reaching implications in general. First, he demonstrated that a lot more 

variability exists in seemingly undifferentiated sherds from "utilitarian" wares. Second, he showed with 
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examples one way to approach such variability. To develop further this promising methodological tool of 

ceramic tool kits, small sites seem to furnish an optimum context. At a large complex site, all activities 

would be generalized and, therefore, it would be difficult to isolate specific activities with associated 

ceramics. On the other hand, because of the limited range of activities at small sites, it is more likely that 

differences in activities would be reflected in the recovered ceramic assemblages. It may be possible to 

build a "type collection" of ceramic tool kits by examining many small sites. Ethnographic studies are also 

clearly needed in this area. While a fair number of ethnographic ceramic assemblages have been reported 

(Conklin 1953; Weigand 1969; Pastron 1974; Longacre 1981; DeBoer and Lathrap 1979; Haaland 1978; 

Fontana et al. 1962; David and Hennig 1972; Stevenson 1883; Russell 1908; Rogers 1936; Spier 1933), 

all such records pertain to "habitation sites." Thus, variability in ceramic assemblages among specialized 

activity sites remains to be investigated. 

SUMMARY 

The analysis presented in Part II of this dissertation attempts to draw useful information from the 

concept of ceramic tool kits for inferring human activities that occurred in the study sites. This method 

appears to be appropriate for examining the trail proposition. First, from a practical standpoint, small site 

assemblages are dominated by ceramics, particularly, plain ware ceramics. If ceramics are not used in 

behavioral inference, little evidence is left for acquiring information of past human activities. 

The second point is methodological. If the study sites had been used mainly as water-fetching 

trails as postulated, it would leave a distinctive ceramic assemblage (see Chapter Seven). Since the 

sensitivity of ceramic tool kits reflecting different human activities is largely unknown, this study could 

provide a "strong analytical case," ~ Reid (Reid and Whittlesey 1982), to distinguish activities by 

ceramic tool kits. Therefore, this study can be a good methodological experiment about the utility of 

ceramic tool kits. If this method does not work under such favorable conditions, ceramic tool kits may 

not he sensitive enough to he useful. On the other hand, if it does work, the development of the method 
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should be worth pursuing further. 
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CHAPTER FOUR 

BEYOND THE IDENTIFICATION OF FORMATION PROCESSES 

FORMATION PROCESSES: PROBLEMS AND PROSPECTS 

In the last ten years the importance of formation processes in archaeological interpretation has 

become widely recognized. Although the conception of formation processes was not new (Schiffer 1987: 8-

11), a systematic introduction of the concept during the 1970's by Michael Schiffer (1972, 1976), has 

drastically altered the way many archaeologists view the archeological record. 

The initial thrust of Schiffer's work, prompted by studies conducted under the program of the new 

archaeology, was to demonstrate another source of variability in the archaeological record. Most new 

archaeologists tended to equate patterns of material remains in the archaeological record with material 

patterns in an ongoing society. Schiffer has demonstrated that the archaeological record is a product of 

formation processes as well as systemic human behavior. Each deposit has its potential and limitations, 

determined by formation processes, relative to one's research problem (Schiffer 1976:55, 1987:10,301; 

see also Binford 1981a:2oo). Before proceeding to behavioral inferences, Schiffer argues, relevant 

formation processes must be identified and their effects taken into account (Schiffer 1987:298-302). This 

view demarcates formation processes from actual behavioral inferences, which is the domain of correlates. 

Thus, information from formation processes plays a passive role in an overall inference to prepare evidence 

for an actual behavioral analysis. 

The most unfortunate side effect of the development of formation process theory is the practice 

whereby formation processes are used as an excuse for discarding "disturbed" deposits as analytically 

insignificant. Most behavioral inferences are drawn from features, structures and abandoned (de facto) 

refuse. Other refuse deposits tend to be judged too disturbed to obtain useful information for behavioral 

inferences. This development is clearly unexpected by Schiffer, for his first comprehensive study using 
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formation process theory was devoted to a behavioral analysis of secondary refuse (Schiffer 1976). While 

it is true that secondary refuse lacks the specificity that abandonment refuse preserves, secondary refuse 

would be more unbiased for monitoring recurrent activities, a kind of information abandonment refuse does 

not normally provide. In order to extend the utility of the concept of formation processes, methods that 

effectively draw useful information according to the characteristics of deposits are badly needed. A few 

studies of this sort are about to come out, such as analyses of residual primary refuse (Metcalfe and Hearth 

1990; Schiffer 1987:298-301; Simms and Heath 1990) and of secondary refuse (Archer 1990; Wilson 1991; 

Tani et al. n.d.; Wilson and Tani n.d.). 

This chapter discusses still another approach to further exploit the formation process concept. It 

is argued that information from formation processes can be directly incorporated into behavioral inferences 

for certain problems. The rationale behind the approach advanced here is that cultural formation processes 

are still human behavior and a part of the operation of a past cultural system (cf. Binford 1981a, 1987; 

Schiffer 1972). Thus, information concerning such behavior, i.e., formation processes, ought to be useful 

for at least certain behavioral inferences. In contrast, formation processes that are not associated with 

human activities that generated particular refuse, i.e., post-occupational (not post-<iepositional) formation 

processes, are often truly confounding factors. There is little potential to acquire information about the 

target human behavior from these processes. 

Therefore, discussions in this chapter focus upon cultural formation processes, variability in 

refuse, and its implications for associated activities. Variability in refuse can be seen as a consequence of 

differing combinations of formation processes. The following discussion argues that maintenance and other 

post-depositional processes are the most important in shaping variability in refuse. This argument is 

justified because without these post-depositional (but not post-occupational) "disturbances," including 

maintenance, all refuse would be simple primary refuse. Insofar as mode and intensity are concerned, 

these processes do not operate at random, but appear to be closely related to certain aspects of activities 

conducted in an area. It is likely that these aspects covary with the organization of activities (see below). 
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This kind of information is contained in the kind of refuse deposits and, more importantly, refuse structure 

as a whole. Thus, formation processes through refuse structure can provide fundamental variability in 

activities for behavioral inferences. 

In this chapter, first, current views of formation processes are reviewed. This review is 

specifically concerned with how the relationship between formation processes and behavioral inferences 

is currently conceived. Second, a descriptive summary of refuse variability is presented, which is 

organized with reference to maintenance intensity. Last, factors affecting refuse variability are discussed. 

CURRENT VIEWS OF FORMATION PROCESSES 

M. Schiffer is no doubt the main figure who has systematized the current concept and theory of 

formation processes (1972, 1976, 1983, 1987). His view, and that of his colleagues, is known as the 

transformation view (see also Reid, Schiffer and Neff 1975; Schiffer and Rathje 1973). This conception 

of formation processes is described as follows (Schiffer 1976:42): 

... the structure of archaeological remains is a distorted reflection of the structure of material 
objects in a past cultural system. Such distortions are caused by cultural and noncultural 
formation processes. These distortions are taken into account and corrected by constructing 
appropriate conceptual and methodological tools to act as lenses through which the structure of 
the past can be perceived by observing the structure of the present. 

The model attempts to understand archaeological remains in strict material terms. There are three 

components in this view: material objects participating in an ongoing behavioral system, material objects 

as the archaeologist observes today, and formation processes. As the name implies, in this model observed 

material remains are to be transformed back to systemic variables by a set of laws termed c-transforms and 

n-transforms. While what the archaeologist seeks to know is past human behavior, this model does not 

have provision for behavioral inference per se. Rather, it focuses its attention upon reconstructing the 

variability in material culture in systemic context. 

Behavioral inferences are outside of the model of transformations. Once "distortions" in the 

current archaeological remains are corrected by c-transforms and n-transforms, correlates become the major 
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tools for behavioral interpretation. Thus, accounting for formation processes is to prepare for actual 

analyses. Schiffer (1987:301) argues: 

When the archaeologist has completed the analysis [of formation processes], the artifacts sorted 
by formation processes can be used as evidence for inferences. 

In this view, formation processes are seen as factors extraneous to behavioral inferences. "The synthetic 

model" advanced by Schiffer (1976:12-17) exhibits a clear demarcation between formation processes and 

the target human behavior. In another instance, Reid et al. (1989:803) state: 

... patterning in the archaeological record is the result of factors that are unrelated to the problem 
under investigation, such as formation processes. [emphasis added] 

Such demarcation is especially useful for certain problems. This particular view of the relationship 

between materials in systemic context and formation processes seems to be prompted by a pueblo-centered 

view of the advocates, known as behavioral archaeologists. They see systemic context as pertaining to a 

system that is associated with certain configurations of artifacts. This system, which persists in time, 

occasionally outputs the by-products of its operation. The archaeological record consists of such by-

products accumulated over the life span of the system and naturally deposited materials until today. 

Spatial, quantitative, relational, and formal characteristics of the systemic material configuration have been 

altered, shifted, and destroyed by the processes responsible for outputting the by-products. Masonry 

pueblos, mostly permanent or semi-permanent habitation loci for a prolonged period of time, are close to 

the idealized perpetuating system. 

When inferring a recurrent and stable systemic process (the target behavior), the archaeological 

record is indeed a distorted reflection of the structure of material objects associated with the systemic 

process. In such a case cultural formation processes (and, needless to say, natural formation processes) 

have nothing to do with the operation of the systemic process. Thus, the effects of formation processes 

are a burden on the archaeologist who seeks to infer the target behavior. It is justifiable, and desirable, 

to analytically separate formation and systemic processes for this kind of behavioral inference. Examples 

of such cases can be drawn from "ceramic sociology" studies (Longacre 1970b; Hill 1970) in the new 
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archaeology era, which received the most scrutiny from Schiffer (1975, 1976, 1987, 1989; Skibo et a!. 

1989). 

Ceramic sociology was an epoch-making series of studies that marked a major breakthrough in 

using ceramics for inferring cultural intangibles and had a far-reaching influence in archaeology. The 

contents of the studies will not be repeated and only relevant components in these studies are described 

here. The major inference, which made these studies famous, was about postmarital residence. Such an 

inference is in the domain that had been considered as unsuitable or impossible for archaeological inquiry 

(Hawkes 1954; Smith 1955). Both Longacre and Hill hypothesized that the similarity of ceramic decoration 

should be clustered if an uxorilocal residence rule was practiced in prehistoric pueblos. This hypothesis 

was based on several assumptions; (1) females were making pots; (2) the art of pottery making was 

transmitted from mothers to daughters; (3) based on social interaction theory (cf. Plog 1978, 1980) design 

similarities within a matrilineal clan should be closer than between such clans because more interaction 

occurred between mothers and daughters. Thus, if there had been an uxorilocal residence pattern, then 

the design element distribution at a site should exhibit a clustered pattern, reflecting the localization of 

matrilineally related potters. 

This complex correlate ties the target behavior, i.e., uxorilocal residence, to the structure of 

material objects in systemic context, a clustered pattern of design elements on pots in use in households. 

The issue here is not whether this correlate is adequate (cf. Plog 1980; Graves 1985), but how to acquire 

relevant information for this correlate from the archaeological record. What Schiffer criticized is an 

epistemological jump from the distribution of design elements in systemic context to that in archaeological 

context. That is, even if a design element distribution in systemic context reflects a post-marital residence 

pattern as predicted by the correlate, the pattern in archaeological context is not necessarily the same 

because of formation processes, or vice versa. In this case, formation processes are simply destructive to 

the material patterns associated with the target behavior, the post-marital residence rule. Therefore, one 

has to assess the effects of formation processes before conducting an actual analysis based on the correlates. 
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While the conceptual separation between formation and systemic processes is indispensable in 

understanding material remains in geneml, the effects of formation processes are not always negative for 

all behavioral inferences. It all depends upon the particular behavioral inference, or, more concretely, the 

structure of particular correlates. If a correlate seeks to link a stable behavioral process, which is usually 

abstmcted from recurrent behavior, and its inherently associated material pattern, formation processes tend 

to act as extraneous forces against the pattern. However, at a short-term occupation site, an attempt to 

transform the structure of materials in archaeological context into that in systemic context may not be very 

productive. While it is justified to claim that, even at an ephemeral site, the structure of material objects 

is closely associated with behavior, material remains at the site are not necessarily related to primary 

activities--the purpose of the site occupation. This is either because only objects with very short uselives 

are likely to be deposited during a short occupation episode (i.e., the Clarke Effect, Schiffer 1975; Rathje 

and Schiffer 1982: 119), or material objects participating in activities at the site are highly cumted (cf. 

Binford 1977a, 1978b, 1979), or both. Under such conditions, transformation cannot be completed because 

materials relevant to the target behavior may not be deposited to begin with. Therefore, a theory 

(correlate) could not effectively relate the structure of material objects in systemic context with the target 

behavior or does not have to relate the two components. Rather, such a theory would be more productive 

in investigating how the given archaeological record was formed with reference to the target process. It 

seems that this is a point of contention between Binford (1981a, 1983a, Chapters 12 and 17) and the 

adherents of the transformation view. 

Binford (1981 a: 199-200) argues that cuI tuml formation processes are not "distorting" as suggested 

by Schi ffer. 

I totally disagree with Schiffer's ideas that the archaeological record is a distortion of a past 
cultural system (Binford 1981a:200). 

For Binford cultural formation processes are an integral part ofa cultural system (1981a:201). However, 

Binford does not claim that the study of cultuml formation processes is unnecessary, far from it: 
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... there are urgent needs for theory building on at least two levels. One level is what I refer to 
as middle-range theory. If one accepts observations made on the archaeological record as 
contemporary facts along with the idea that such facts are static, then clearly basic problems for 
the archaeologist include (a) how we get from contemporary facts to statements about the past, 
and (b) how we convert the observationally static facts of the archaeological record to statements 
of dynamics. . .. In approaching this problem, we must develop ideas and theories (middle-range 
theory) regarding the formation processes of the archaeological record. (Binford 1977b:6-7) 

It is obvious from this statement that Binford considers formation processes as important in archaeological 

inquiry as Schiffer. In what way, then, does Binford's view contrast with Schiffer's? There is a slight 

misunderstanding of Schiffer's position by Binford. In the 1981 paper, Binford repeatedly claims that 

Schiffer considers cultural formation processes distorting a past cultural system (e.g., 1981a:200 as quoted 

above, there are several references to cultural system in p. 201 as well). However, as described above, 

Schiffer's transformation position is a strict material-centered view. There is no similar reference to 

cultural systems in the transformation view, which is dealt with by correlates in the synthetic model 

(Schiffer 1976, Chapter 2). Schiffer has never referred to cultural formation processes as distorting "a 

cultural system." Rather, in Schiffer's view, cultural formation processes distort "the structure of material 

objects in systemic context" (Schiffer 1976:42). This difference between Binford and Schiffer may be 

subtle, but seems to be the key to understanding the two positions. It is not the aim of this section to 

reconcile Binford's and Schiffer's views. However, since the difference has theoretical relevance to the 

following discussion, it is examined here a little further. 

Binford (1981a:200) summarizes the difference between Schiffer and himself as follows: 

From my [Binford's] perspective, archaeologists must understand formation processes -- the 
dynamics of cultural systems which yield derivative residues both in properties of form and spatial 
distribution -- while from Schiffer's perspective, archaeologists must identify distortions between 
the 'systemic' and the 'archaeological' contexts. 

Binford's representation of Schiffer's view drops one component of Schiffer's model, namely correlates. 

With this component, the aim of Schiffer is, of course, to understand "the dynamics of cultural systems. " 

The difference seems to lie in their views of material-material and material-behavior relationships, rather 

than the aim of archaeological inquiry as Binford implies. Schiffer sees formation processes as intervening 
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between materials in systemic context and in archaeological context. In contrast, Binford attempts to 

understand materials in archaeological context directly as derivatives of past human behavior. Binford's 

view has been repeatedly stated, such as: 

we are attempting to understand the determinants of patterning and various structural properties 
of the archaeological record in order to learn about their past (Binford 1981b:32). 

My focus here has been on middle-range theory (see Binford 1977b:6) or the meaning that the 
static contemporary facts of interassemblage variability carry for dynamic systems that existed in 
the past (Binford 1978a:486). 

In this perspective, it is apparent that Binford is not concerned about the configuration of material objects 

in systemic context as an inferential step. Therefore, to Binford, cultural formation processes are not 

"distorting" because distortions in the archaeological record are relative to material configurations in 

systemic context. Rather, his perspective includes both correlates and formation processes, in Schiffer's 

sense, together in a single inferential process. 

These different general views of formation processes and behavioral inference held by Schiffer 

and Binford seem to be attributable in part to their primary data bases. Schiffer's major works are mainly 

centered on sedentary groups of people, while Binford studies mobile hunter-gatherers. Among sedentary 

groups, the major locus of research is almost invariably habitation sites. "Habitation" actually represents 

a composite of many different activities. Each activity generates material by-products and modifies and 

obliterates the residues of other activities. It is almost impossible to make behavioral inference at such sites 

without sorting out the material jumble. It is a sound strategy to account for formation processes and to 

transform material remains to relevant systemic states under such conditions. 

On the other hand, Binford's major theme has been to understand intersite variability in the 

assemblages produced by hunter-gatherer societies. At these functionally distinctive hunter-gather sites, 

human activities are much more ephemeral and fluid. There is no stable unit; the household cannot be a 

unit of analysis; the number of occupants at these sites fluctuates greatly from time to time; the occupation 

span at these sites is generally very short. Under such conditions, certain components of the transformation 
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view may not be very effective, For example, Reid's transformation model (reid 1973:24-29; Schiffer 

1976:55-57) to estimate curated items (cf. Binford 1977a; 1979) will not be applicable to these sites. For 

the model to be applicable, a certain degree of stability of activities at a site must be assumed. Otherwise, 

the sum of primary refuse and secondary refuse cannot be equated with a complete set of items used at a 

site as Reid (1973:28) suggested. For the same reason, it is likely that only fragments of material flows 

in Schiffer's flow models existed in non-habitation sites. The effectiveness of the pathway model and 

quantitative transformations (Schiffer 1976:53-55, 58-65) is perhaps limited for artifacts with very short 

uselives when applied to materials at ephemeral sites. (In all fairness, neither Schiffer nor Reid has ever 

claimed that their models are applicable to all archaeological phenomena.) Thus, Binford approaches the 

problem by attempting to deal directly with archaeological remains based on the assumption that different 

activities and differentially organized activities generate different characteristics of refuse. 

Binford's approach has, of course, shortcomings. The difficulty of directly dealing with 

archaeological remains in sedentary settlements has already been mentioned. Information from formation 

processes may not be as specific as desired. Lumping formation processes and correlates may lead to 

conceptual confusion as studies by "new archaeologists" clearly showed. It seems more advantageous to 

conceptually separate correlates as linking material evidence to behavioral variables and formation processes 

as forming archaeological remains as seen today. However, the demarcation between correlates and 

formation processes should not always be sustained analytically. It is argued here that correlates are more 

inclusive, rather than contrastive to formation processes as suggested by behavioral archaeologists. 

CULTURAL FORMATION PROCESSES AND VARIABILITY IN REFUSE 

This section explores site structure in terms of refuse variability, i.e., "refuse structure." Refuse 

structure is defined as the spatial organization of and variability in refuse deposits. Processes that form 

refuse are diverse. As major types of cultural deposition processes, discard, loss, disposal of the dead, 

caching, and abandonment are identified by Schiffer (1987:47-98). These types in tum consist of many 
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diverse processes. Varied combinations of these processes would generate numerous distinct deposits. 

However, such processes do not occur at random. Each formation process is related to and constrained 

by the nature of activity organization. the correlation between formation processes and the kind of activity 

is not one-to-one; rather, formation processes are related to the organizational characteristics of activities, 

such as the nature of an activity, the rate of performance, the nature of activity space--e.g., open or 

bounded--and the amount of refuse that the activity generates. By analyzing formation processes one can 

acquire information about how the target activity was organized. This fact gives rise to the rationale that 

information useful for behavioral inferences may be obtained form formation processes. 

"Real" Refuse and De Facto Refuse 

Discard is by far the cultural depositional process that generates the majority of cultural remains 

at a site. This process entails outputting no longer useful material items into archaeological context. In 

contrast, refuse generated by the remaining cultural depositional processes--Ioss, caching, and 

abandonment-- is qualitatively different. Materials deposited by these processes were not "refuse" in the 

sense of "anything thrown away or rejected as worthless or useless" (Webster's New World Dictionary 

1980). Such materials were all usable and were not yet in archaeological context when "deposited" by all 

but discard pr9cesses. A characteristic shared by the latter processes is that unlike discard, these processes 

per se do not actually deposit material items in archaeological context. The final status of material items 

in archaeological context is only determined by a subsequent lack of action. Lost items are not in 

archaeological context until retrieval fails or is not pursued; abandoned and/or cached items are still in 

systemic context until such items would not and could not be recovered. For these abandoned and lost 

items, it is difficult to delineate when they are in systemic or archaeological context because the formation 

of this kind of refuse is strictly a consequence, rather than an action on these materials. 

For these reasons, all of these kinds of refuse should be called de facto refuse. Schiffer's early 

definition (1972: 161) of de facto refuse conforms to this concept: 
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Elements which reach archaeological context without the performance of discard activities will be 
termed de facto refuse. 

However, the usage of de facto refuse seems to have become narrowed to designate only items left behind 

at the time of abandonment of an activity area. Schiffer's more recent definition (1976:33) of de facto 

refuse reflects this subtle shift: 

De facto refuse consists of the tools, facilities, and other cultural materials that, although still 
usable, are abandoned with an activity area. [see also Schiffer 1987:89 for virtually the same 
defmition] 

To be consistent, such refuse should be termed "abandoned refuse" to be placed parallel with "loss refuse" 

(South 1978:226) and cached objects, and all should be included under the rubric of de facto refuse. South 

(1979) used the broader definition of de facto refuse. 

De facto refuse provides a wealth of information for behavioral inferences primarily due to the 

unique nature of the cultural depositional processes. Abandoned refuse assemblages often furnish the best 

clues to systemic artifact assemblages though the two cannot be equated in a simple manner (cf. Schiffer 

1985; Seymour and Schiffer 1987). Locational inferences of human behavior based on loss refuse 

sometimes are very reliable (e.g., South 1977; Ferguson 1977). Nonetheless, the contribution to de facto 

refuse to the overall site structure seems to be rather limited compared to that of discarded "real" refuse. 

The remaining discussion of this section is limited to refuse variability created by discard processes and 

subsequent maintenance processes. 

Two refuse types, in addition to de fact refuse, have been defmed by Schiffer (1972: 161): primary 

refuse and secondary refuse. 

Both [primary and secondary refuse] refer to elements which have been discarded ... but, in the 
case of secondary refuse, the location of final discard is not the same as the location of use. 
Primary refuse is material discarded at its location of use. 

Both types of refuse consist of waste, womout and broken artifacts, i.e., "real" refuse. The distinction 

of primary vs. secondary is made based on the location of discard in relation to the location of use. The 

location of use (e.g., its scale) varies depending on specific research questions. Therefore, this defmition 
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is relative, relative to specific analytical units. The same refuse deposit may be considered primary refuse 

for one study and secondary refuse for another (cf. Reid, Schiffer, and Neff 1975:214). The advantage 

of this classification lies in the fact that the distinction clearly demarcates the locational relevance of 

artifacts to a particular research question. That is, "primary refuse" can be legitimately used for inferring 

behavior at the location where it is recovered. 

Problems sometimes arise with this definition. There are cases in which refuse remains in the 

original activity area, but is secondarily deposited. For example, refuse generated at an activity area is 

piled up somewhere within the location, such as a waste basket in our houses (see below). In such cases, 

refuse legitimately can be used for behavioral inferences at the location, but its locational implications are 

not the same as other "primarily deposited primary refuse," such as microdebitage. At the same time, 

there will always be some residual ambiguity about the inclusiveness of an activity area. In order to solve 

this problem, one can employ an absolute classification of refuse based on how it is deposited. If refuse 

remains at the location of original deposition, it can be called primary refuse; it is redeposited culturally, 

then it is secondary refuse (redeposition by natural forces would be another category). Both relative and 

absolute definitions have their merits. However, since redefining terms that have been established may 

introduce unnecessary confusion, the terms in the present study are used much as originally defined by 

Schiffer, but with one amendment. An amended definition used here drops the original provision of the 

location of~. This revision is necessary for accommodating refuse produced in contexts other than use, 

such as procurement, manufacture, and transport (see Sullivan 1976 for a similar argument). Thus, under 

the revised definition, primary refuse consists of activity-related refuse left in an activity area, while 

secondary refuse is simply displaced from the activity area (see also Schiffer 1987:58-59). 

Relevant Processes 

While discard is the major process to form refuse deposits, discard in turn consists of many 

diverse processes. These processes create initial variability in refuse. Maintenance of the activity area and 
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other post-depositional (but not post-occupational) cultural processes can be called secondary formation 

processes for they always operate after "primary" processes create refuse. The importance of these 

secondary formation processes on refuse structure, however, is not "secondary." Rather, these processes 

are the major force that gives the final shape to a structure. Without such processes, all sites would consist 

exclusively of simple primary refuse. Thus, the interaction between activities and maintenance in the 

activity area is the key to understanding variability in refuse structure. 

Post-processual archaeologists argue that refuse disposal patterns vary from one social context to 

another because the cultural perception of refuse varies. Thus, "there can be no simple functional links 

between refuse and types of sites, length of occupation or forms of society, because attitudes and 

conceptions intervene" (Hodder 1982:24). Hodder, for example, argues that the refuse distribution of 

gypsy camps embodies a symbolic adaptation to their social environments (Hodder 1982:62-63): 

The integrity of Gypsies as a group is continuously threatened by their low-status position. To 
cope with this, Gypsies attempt to protect the inner self symbolically, by making a fundamental 
distinction between the inside of the body and the outside. The outer skin with its discarded 
scales, accumulated dirt, by-products such as hair, and waste such as faeces, are all potentially 
polluting. The outer body symbolizes the outer public self as presented Gorgios [sedentary non
Gypsy popUlation] who are themselves classified as dirty. The inner body symbolizes the secret, 
ethnic self. 

In another instance, Moore (1982:79) argues that "all aspects of that [archaeological] record are in fact 

governed by sets of structuring principles which generate social action." He shows correspondences 

between gender and types of refuse arranged in a certain "structure" among the Marakwet, Kenya (Moore 

1982:77-78, Figs. 1 to 4). While these factors that are not related to functional requirements of refuse 

management may indeed influence refuse disposal patterns, functional needs seem predominant. Gypsies' 

activity areas, whether they are the symbol of their inner body, are still maintained clean and hindering 

refuse accumulates outside of the camp, just like any other groups. The perception of how clean an activity 

area should be may vary from society to society. Still, the minimum limit appears to be determined by 

functional causes constrained by types of activities and implements and facilities employed. In this sense, 

the Mesakin Nuba can use a looser standard of cleanliness in their living quarters by using beds (see 
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Hodder 1982, Figure 15b) than, say, the Alyawara who simply lie on the ground. Whereas these 

functional considerations do not necessarily deny symbolic aspects of refuse disposal, I believe that 

variability in refuse can be fruitfully accounted for by functional needs though it may not be the only way. 

Discard processes create the initial variability in refuse. These processes include, but are not 

necessarily limited to, dropping, placing, tossing, and dumping (cf. Binford 1983a [1978b]:298-299). 

Dropping is the simplest mode of refuse disposal. Dropped items are usually small and unobtrusive and 

would not hinder further activities (cf. McKeller 1983). Under certain conditions, however, even large 

items, such as broken ceramic pots, are simply left at the location of breakage, and therefore, "discarded" 

there. While such cases are not involved literally in a dropping process, they can be considered 

comparable to dropping as they entail no subsequent maintenance of the refuse. 

Other larger items of more hindrance potential tend to be tossed away from the activity area. 

Tossing, which represents the most casual maintenance processes, creates informal secondary refuse 

deposits around the activity area. Dropping and tossing often occur together in the same activity. Tossing 

and dumping are sometimes inseparable and interchangeable. By Binford's definition (l978b), tossing is 

the process whereby refuse is tossed away as soon as it is generated, while dumped refuse represents refuse 

that is initially stored, and then dumped when accumulated. There are ambiguous cases, for example, such 

as when sherds from a broken pot are gathered up after breakage and then subsequently "tossed away" 

from a structure. It may not be fruitful to pursue an exhaustive classification of responsible processes in 

such fuzzy areas. There are other clearer cases as well that can be called dumping rather than tossing. 

For example, discard of refuse accumulated in a special receptacle, such as waste baskets, into, say, a 

midden area, is clearly a dumping process even if the refuse is physically "tossed" on the midden. 

Placing is a precondition of dumping, though intended dumping may never occur. Under 

conditions that preclude dropping and tossing, such as inside a formal structure, refuse may be placed in 

temporary storage with anticipation of future discard. Refuse could be stored in a container, i.e., waste 

basket, or piled at a place where the activity level is low. For example, 
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Items that are commonly tossed or dropped on the Mask site, such as articulator ends and bone 
splinters, are most often "placed" in small piles along the edges of hearth rocks, around the stove, 
or on the edge of serving dishes during eating and talking episodes within an Eskimo house 
(Binford 1983a [1978b]:302). 

Another example of this disposal mode is an ash tray and cigarette butts. While in an outside activity area 

cigarette butts are more likely to be dropped, inside they tend to be placed in an ash tray for temporary 

storage. 

Provisional discard, described by Deal (1983; see also Deal 1985; Hayden and Cannon 1983), can 

be included in placing processes. Although placing principally implies primary refuse, such as "waste 

basket discard," provisional refuse could be either primary or secondary refuse. Another difference 

between provisional discard and waste basket discard is that the former mainly implies that broken but still 

potentially usable items are stored for future use. However, these items can be soon forgotten or discarded 

later and would not be used in the future as intended (Deal 1985:254). In such cases, provisional refuse 

is in the same state as placed refuse. Some provisional refuse is simply temporary storage for later 

disposal to minimize disposal efforts (Hayden and Cannon 1983: 156), although such refuse tends to be 

accumulated along the walls of structures, i.e., a secondary location, rather than waste basket locations (see 

Deal 1985, figure 6). 

Although a few discard processes have been separately discussed, all but dropping can be 

considered as a part of activity area maintenance. Placing, tossing and dumping are all performed in order 

that refuse not hinder further activities in an activity area, and, therefore, are part of maintenance. Other 

maintenance processes include sweeping and raking an activity area (e.g., Hayden and Cannon 1983; Deal 

1983; Binford 1986), picking up refuse, and brushing aside refuse (e.g., Binford 1978b). 

These maintenance activities can completely alter the spatial organization of refuse created by 

initial discard processes and create their own patterns. Moreover, when these activity area maintenance 

processes are repeatedly performed, patterns created by earlier maintenance processes are again obliterated 

by later maintenance, and eventually these processes combined may result in very complex patterns (cf. 
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Gould 1980:197-199). 

In addition to maintenance, other non-maintenance activities, such as trampling, alter the way in 

which refuse appears in the area. Such activities can further break down discarded artifacts into smaller 

pieces and displace them laterally and vertically (Kirkby and Kirkby 1976; Wilk and Schiffer 1979; Nielsen 

1991). Therefore, the mode and the intensity, or the absence, of secondary formation processes appears 

to be the determinant of the structure of archaeological refuse we see today (ignoring post-occupational 

processes). 

Variability in Refuse Structure 

It has been argued that secondary formation processes are a more important force in shaping the 

final structure of archaeological refuse than primary depositional processes. The "final structure" is 

conceived here as the form of refuse at the end of a site's occupation. Of course subsequent natural and 

post-occupational cultural formation processes may further alter the refuse structure as it is perceived at 

"recovery context," sensu Sullivan (1978). For the sake of simplicity, the following discussions of refuse 

structures do not take into account such post-occupational processes. Refuse structures are classified by 

the type and the intensity of activity area maintenance (or refuse management). The intensity of 

maintenance activities is, of course, a continuum rather than consisting of discrete types. The following 

classification is intended only to show some typical types of refuse structure. Refuse structures are often 

nested: more complex structures include simpler ones, but these nested structures will not be described. 

Unmanaged Refuse 

If no maintenance activities, including maintenance-oriented discard modes are carried out, all 

refuse deposits at a site, by definition, consist of simple primary refuse. Such deposits are formed by a 

dropping process. As Schiffer (1972) suggested, simple primary refuse is rare in sedentary communities. 

Even in limited activity sites with a very short-term occupation, generated waste tends somehow to be 

managed except for small and unobtrusive items. The Mask site reported by Binford (1978b) is such an 
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example (for further discussion, see below). 

Thus, as long as an activity is carried out at a location for some duration, waste tends to be 

managed. This fact implies that unmanaged simple primary refuse is formed and remains in this context 

only under very limited conditions. This type of primary refuse may occur when a depositional episode 

occurs outside of a regularly used activity area or repeatedly used activity area (or both) and after the 

depositional episode, no further activity is performed at the location of deposition. Isolated "pot breaks, " 

often observed in desert areas, may conform to the notion of simple primary refuse. These pot breaks are 

distributed over the landscape and show no sign of maintenance after breakage. While pot breaks could 

signify the location of very ephemeral activities, it is more likely that they represent accidental breakage 

while the carrier was traveling. They have remained as simple primary refuse because the location of 

breakage was not an activity area and because the location was not used for later activities. 

Roadside litter is probably closest, next to pot breaks or any other simple discard in the middle 

of nowhere, to simple primary refuse. Although the path of traffic has to be cleared, unless the path runs 

through other activity areas, the hindrance of roadside refuse relative to the main activity, i.e., traveling 

on the road, is minimal. Thus, there is a greater chance that roadside refuse will remain unmanaged. Wilk 

and Schiffer (1979) termed this type of refuse as "in-transit refuse" based on observations of refuse patterns 

in vacant lots in Tucson, Arizona. Other ethnographic cases seem to confirm this expectation. 

The Shipibo-Conibo furnish a specific example of an expectable general pattern: within a sedentary 
community, primary refuse, where sites of use and discard coincide, is probably ephemeral, and 
midden accumulates exactly where behavior is minimal... Exceptions to the impermanence and 
archaeological invisibility of primary refuse are primarily confined to activities which take place 
outside of the household area. For example, sherds resulting form the accidental breakage of 
water-carrying jars are frequently strewn along the trail which connects every household to a 
nearby river or lake (DeBoer and Lathrap 1979: 129). 

A similar pattern was observed in Tzeltal Maya communities by Deal (1983). The only disposal mode that 

forms primary refuse in the communities is pathway breakage (Deal 1983, Table 26). Deal (1983:201; 

see also Deal 1985, Figure 11) describes: 

A common disposal behavior primarily associated with the water-carrying jar <kihl was accidental 
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breakage along pathways between kitchen and water source ... the carrier might slip or lose her 
balance and drop the vessel along the pathway. When this happened the larger sherds were either 
saved for reuse or swept to the side of the pathway. 

More specific data are available from the Kalinga ethnoarchaeological Project (Longacre 1974, 1981, 1985; 

Longacre and Skibo in press), the Philippines. During a seven month span, from October, 1987 to April, 

1988, all ceramic breakage events in the village of Dangtalan (pop. 318, 62 households) were recorded (see 

Tani in press; Tani and Longacre n.d. for detailed descriptions of this record). Recorded information 

relevant to formation processes included the locations of breakage and discard. Seventy broken pots were 

recorded during the period. Among 69 pots with the location of breakage known, 48 were broken in the 

village and 21 outside. All 48 pots broken in the village were discarded in middens and in areas of the 

least activity. In clear contrast, among vessels broken outside the village, 8 pots were left at the location 

of breakage and the remaining 13 pots were casually discarded in a nearby area. All 5 pots broken on the 

trail to springs and 2 pots broken in rice fields became primary refuse (see Chapter Five for more 

discussion of trails). 

Minimum Maintenance 

Some activity areas are minimally maintained just enough to permit only a limited variety of 

activities to be carried out. Such maintenance efforts often result in clustered primary refuse. Clustered 

primary refuse is mainly formed by a placing process. Stevenson (1982) describes clustered primary refuse 

at a gold mining site during the Gold Rush. He relates clustered primary refuse to planned abandonment 

because the standard of maintenance was not sustained once a decision had been made to abandon a site. 

During a planned abandonment, refuse would accumulate "in areas usually kept free of such debris as the 

need to redeposit it elsewhere would be dramatically reduced" (Stevenson 1982:247). Clark (1991:73) 

reports a case that exactly fits Stevenson's description: 

According to informants, chert debris is potentially harmful and will continue to be in the future. 
It is discarded where it will be out of harm's way and will not obstruct any future use of the land . 
... I observed one apparent contradiction to this pattern at the village of Naja. A pile of lithic 
refuse was left on the house floor in the area of manufacture. In this instance, however, the 
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occupants knew they would soon be abandoning the house to move elsewhere. 

Such refuse forms clusters because human activities are still going on though limited and, thus, refuse is 

allowed to accumulate only in places not heavily used during daily activities, such as under the table. 

Schiffer (1987:98) termed such refuse "abandonment stage refuse." 

Although clustered primary refuse can be associated with the abandonment stage of a site 

occupation, the concept of abandonment stage refuse can be extended to include more general cases. The 

concept of abandonment stage refuse essentially tells us that during a specified period of time before an 

anticipated abandonment people can predict that a certain amount of refuse would not hinder activities to 

be carried out during the remaining period of occupation, thus, they would relax their standard of 

maintenance. Then, when an anticipated occupation at a site, i.e. what Binford calls "planning depth" 

(1987, 1988), is short enough, generated refuse at the site would all be "abandonment stage refuse." Two 

desert hangouts of high school students around Tucson, Arizona studied by O'Dowd (n.d.) provide an 

example. These sites are located in the desert usually at the end of roads used for alcohol-consuming 

parties. While repeatedly used, each occupational episode lasts only a few hours. Most refuse generated 

at these sites consists of alcohol-related containers, such as beer cans and bottles. Such refuse is managed 

either by tossing it away or by placing it in fire pits. The latter case, thereby, forms clustered primary 

refuse. Other short-term occupation sites are also likely to include clustered primary refuse. Examples 

can be observed at the Anaktiqtauk Kill Site (Binford 1983b, Fig. 90) and in Peace Point, northern Alberta 

(Stevenson 1985, Fig. 6,a, Fig. 8). As Stevenson (1985) argues, these clusters may reflect activities of 

abandonment stages and "most campsite debris may relate to abandonment activities, because refuse 

generated before abandonment stages may have been completely obliterated before abandonment." Still, 

if the occupation is short, clustered primary refuse can be considered as a regular feature associated with 

such an occupation. 

Another factor seems to be causing clustered primary refuse in addition to anticipated short 

occupation span. The concept of abandonment stage refuse implies that the standards of maintenance 
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change sequentially (but, not necessarily linearly) during progressive stages of a site occupation. While 

this is an adequate assumption, for certain activities only a low level of maintenance is required in the first 

place. For example, in ceramic manufacturing loci much more refuse is allowed to accumulate than in 

other general activity areas (e.g., Ambler 1987; Stark 1984). Lithic quarries can be used as another 

instance. Binford and O'Connell (1984) observed that crescent-shape debitage piles formed as Alyawara 

flint knappers extracted cores at a lithic quarry; these piles were left at those locations without further 

maintenance. While this particular case perhaps should be regarded as the formation of simple primary 

refuse, it illustrates that the nature of the activity, rather than occupational stages, would also affect the 

formation of archaeological refuse. A relevant factor of this lack of intensive maintenance in a specialized 

activity area is probably that the anticipated range of activities is limited (cf. Schiffer 1987:65; Gould 

1980: 196-197; see below for more discussion of the relationship between maintenance and the anticipated 

range of activities). 

Size-sorting is another strategy of minimum effort maintenance (cf. McKeller 1983). This type 

of maintenance is typically performed at short-term occupations, such as a matter of days (the Kung, Yellen 

1977; the Nunamiut, Binford 1978a, 1978b) and weeks (the Alyawara, O'Connell 1987; Binford and 

O'Connell 1984; Binford 1986). Small and unobtrusive items are still dropped to form primary refuse, 

whereas larger items tend to be tossed toward the peripheral of an activity area or they are placed in 

temporary storage and may be later dumped. Binford (1978b) proposed a concentric pattern of refuse 

distribution by the size-sorting effect (see Stevenson 1985 for a modified version of the concentric model). 

O'Connell (1987) demonstrated the spatial dissociation between pull tabs and soft drink cans, a clear 

example of the size-sorting effect. Size-sorting appears to be universally practiced in other longer-term 

activity areas often embedded in more complex waste management strategies (e.g., South 1979; Deal 

1985). 

More explicit activity area cleaning, such as sweeping and raking, was not observed at the Mask 

Site by Binford (l978b). Such activities were commonly performed at Alyawara campsites (Binford 1986) 
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and at other sedentary locations. While it seems to be reasonable to associate this difference with 

occupation span (days vs. weeks), the difference in site function (hunting stand vs. residential campsite) 

may also affect the difference in maintenance activity. Bushman residential campsites (Yellen 1977) would 

be an ideal case to provide clues for resolving this issue because these sites are functionally comparable 

to the Alyawara sites and the occupation length is comparable to the Mask Site's. Regrettably, Yellen did 

not report on activity area maintenance. 

Dumping appears to be limited at ephemeral (occupied for a matter of days) sites. While 

occasional dumping episodes would leave small clusters of refuse, such refuse deposits may never form 

dense concentrations as regularly seen in longer-term sites; moreover, refuse distributions are generally 

diffuse. 

Regular Maintenance 

In more sedentary communities, activity areas are regularly maintained for a prolonged period of 

time. A consequence of such long-term maintenance of fixed locations is densely concentrated secondary 

refuse deposits. A reason for the dense clustering appears to be more active use of temporary storage of 

refuse before dumping. "The trash magnet effect" (Wilk and Schiffer 1979; Binford 1983b:155) also 

accelerates refuse concentration. Repeated maintenance of an activity area seems to be another reason for 

the concentrated clustering of secondary refuse. Swept and/or raked refuse accumulating on the edge of 

an activity area often forms a distinctive midden. Among the Shipibo-Conibo (DeBoer and Lathrap 

1979:128): 

The plaza is cleaned on a daily basis by sweeping with a broom made of palm leaves and by 
raking with a wooden implement shaped like a common garden hoe. Kitchen refuse, broken 
pottery, and other debris resulting from daily activities are cleaned centrifugally away from the 
household and accumulate immediately beyond the perimeter of the clearing. In isolated 
households, the effect over time is a doughnut-shaped midden. When several households share 
a common plaza, the effect is a scalloped midden surrounding the entire plaza. 

This pattern of c1ustering--a linear or crescentic midden area surrounding an maintained activity area--is 

also commonly seen in other groups (Deal 1983, 1985; Hayden and Cannon 1983; Schiffer 1987, Fig. 4.1 
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adapted from Meehan 1982). Archer (1990) interprets a similar refuse pattern in a Hohokam site as a 

result of maintenance processes. Wilcox (1987, Fig. 3) reports another instance of this refuse distribution 

although he does not offer formation processes to explain this pattern. 

Such secondary refuse formed by sweeping/raking is usually associated with a special kind of 

primary refuse. Even with maintenance, some primary refuse remains at the location of initial deposition. 

This kind of primary refuse is most commonly encountered in sedentary settlements and is known as 

"residual" primary refuse (Schiffer 1987:62; for archaeological examples of residual primary refuse, see 

Bradley et a!. 1980; Bradley and Fulford 1980; Fischer 1985; Henderson 1987; Hally 1983b; Metcalfe and 

Heath 1990). Residual primary refuse is observed in maintained activity areas, where "small artifacts are 

not removed by maintenance processes" (Schiffer 1987:62). An ethnographic example of the formation 

of residual primary refuse is given by DeBoer and Lathrap (1979: 129). 

Other secondary refuse deposits formed mainly by dumping are in all kinds of shapes and sizes. 

Clustering is sometimes very weak, such as broadcast refuse (Deal 1983: 198), in other cases, tight, such 

as refuse in pits and privies. The size of discrete ~econdary refuse deposits varies from small "door 

dumps" (Binford 1983b) to enormous modem landfills. 

Small-scale secondary refuse deposits are present in sites of mobile groups as well. These 

dumping episodes usually occur very close to the activity areas where refuse is generated. The Mask site 

occupants occasionally dumped temporary stored refuse at the edge of the activity area (Binford 1978b). 

These deposits are so close to the location of activities that they may be called "primary refuse" (which 

Binford did [1978b], but see Schiffer 1987:58). Another type of secondary refuse dumped adjacent to a 

primary activity area is "door dumps" (Binford 1983b: 165), small dumps of refuse generated in structures 

that are discarded just outside of the entrance (see also Binford 1989 [1987]:240). Door dumps are also 

common among more sedentary people. Pastron (1974) reported that broken ceramics were just tossed out 

through the front entrance of Tarahumara dwellings. The Tzeltal Maya often discard refuse generated in 

houses onto the backyard and the streets (Deal 1983; Hayden and Cannon 1983), though the refuse tends 
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to be dispersed by subsequent activities. What South calls "the Brunswick Pattern" (South 1977:47-82) 

is another example of door dumps in a sedentary community. All door dumps share the characteristic of 

least effort in refuse disposal; This pattern is expected where the hindrance potential of refuse is not very 

large, such as ceramic sherds and organic debris, if the space is available for such disposal. 

"Toft" refuse, described by Deal (1983:198-199), is an extension of door dumps and includes 

several different kinds of refuse deposits. Those include discrete secondary refuse locations, which are 

used for "final" discard when provisional refuse in and around houses becomes a nuisance (Hayden and 

Cannon 1983: 125). These locations are usually where the activity level is lowest, such as along hedges 

and fences and under trees. The accumulation of secondary refuse under trees is also observed in Shipibo

Conibo villages (DeBoer and Lathrap 1979) and in a Kalinga village (C. Turner, field notes, 1988). 

An ultimate solution for by-products of human activities is designated secondary refuse deposits, 

such as modem landfills. Most sedentary communities appear to have such locations. Otherwise, it is 

probably difficult to maintain a location habitable for a prolonged period of time. Without community 

dumps, a settlement may be abandoned because accumulated refuse becomes intolerable. O'Connell 

(1987:88) estimates the threshold for A1yawara campsites as "not less than 100-120 days." Ravines, pits, 

and cliffs are all used for the purpose of community dumps. When there are no natural receptacles suitable 

for community dumps and/or when the volume of refuse is overwhelming, trash mounds are formed as a 

specialized location for concentrated secondary refuse, such as modem landfills. Therefore, the presence 

of formalized secondary refuse deposits can be taken as the evidence of regular and intensive occupation, 

which requires systematic waste management. 

DISCUSSION 

It has been argued that behavioral information is encoded in not only discarded artifacts but also 

in how these artifacts were discarded. The previous section outlined how variability in refuse structure 

correlates with maintenance activities. However, what and how useful behavioral information can be 
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extracted from formation processes has not been systematically discussed and that is the aim of this section. 

First, factors affecting differential treatment of refuse are discussed. Then, the implications of such 

information potential contained in formation processes are summarized in relation to the trail problem. 

Factors Affecting Maintenance Activities 

Schiffer (1972: 161) first offered a proposition about the relationship between site occupation and 

refuse formation: 

the larger the population of an activity area [e.g., a settlement], and the greater the intensity of 
occupation, the larger the ratio of secondary to primary refuse produced. 

This statement is in general accordance with Murray's findings (1980) and with a review of this subject 

presented in the previous section. Binford (1983b: 190) provides a more detailed proposition about this 

issue: 

... the care with which an area is maintained is related to the intensity of its use, other things 
being equal. Areas used intensively are maintained the most thoroughly and will therefore be 
associated with specialized disposal areas. The degree to which this is true, however, is also a 
direct function of the length of time that intensive use lasts -- maintenance of areas used 
intensively only for short periods is minimal. This means we can expect a strong set of 
relationships in such areas between duration of occupation and the investment of effort in 
maintenance. 

To rephrase, Binford relates the intensity and the duration of activity with the intensity of maintenance. 

Again, Binford's proposition appears to be adequate overall. However, it is necessary to break down the 

relationships into more specific variables in order to understand why such relationships exist. 

Hayden and Cannon (1983: 119) identified three principal factors --hindrance, effort, and value--

affecting "how refuse will be sorted and where it will be dumped.· The interaction of the three factors, 

in principle, will influence variability in refuse structure. Among them, the most important determinant 

is probably hindrance potential. No matter what the value of the refuse and no matter how much refuse 

disposal would cost, if the hindrance of the refuse is intolerable, the refuse must be managed (i.e. moved). 

However, hindrance needs to be further broken down because the net hindrance of particular refuse varies 

from context to context. In order to explore the determinants of refuse formation, hindrance has to be 
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separated into more specific factors. 

Three major dimensions can be identified in net hindrance: space, refuse, and activity (cf. Hayden 

and Cannon 1983:155; see also Clark 1991 for the hindrance of lithic debris). Basic relations between 

these components are: if more space is available, then refuse is less hindering; if intended activities require 

less space, more refuse would be tolerable; and, other factors being equal, more refuse is more hindering. 

Space Dimension 

The space dimension includes factors related to the nature of activity areas. Refuse formation 

would be greatly affected by whether an activity area is outside or inside, i.e., structural space. An outside 

activity area could in theory grow indefmitely as need arises unless it conflicts with other activity areas 

and/or physical barriers. On the other hand, an inside activity area is constrained by its nature (i.e. walls 

and other existing facilities). Binford (l978b, 1983b: 156-158, 190) describes the difference in maintenance 

tactics between the outside and inside of Eskimo activity areas. Generally, the space dimension is less 

influential in net hindrance in outdoor compared to indoor activity areas. 

Another minor factor related to the space dimension is the nature of the substrate in the activity 

area (Gifford 1978). For example, inside of a house, the presence of matting would allow more refuse 

to accumulate on the floor than a floor of hard-packed dirt (cf. Binford 1989 [1987]:253). Outside, certain 

substrates are more amenable to refuse accumulation than others. In an extreme case, such as in the 

subarctic region in winter, continuous drifting and falling snow buries refuse. Thus, it allows a substantial 

amount of refuse to accumulate in outside activity areas without hindering further activities (Binford 1989 

[1987]:256-257). In general, the permeability of the substrate is a function of the saturation level of the 

substrate by refuse. More permeable substrates, such as sand, would act as "artifact traps" (Schiffer 

1976:32). Artificial floors are a special kind of substrate that, with gaps and holes, become extremely 

"permeable" and can accept a large amount of refuse under them, even very large items (e.g., South 1979). 

Refuse Dimension 
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The nature of discarded artifacts is, of course, another major determinant of hindrance. The 

greater amount of refuse, generally, the more hindering. In Schiffer's (1972: 161, cited above) proposition, 

"the population of an activity area" appears to be related to the amount of refuse generation. Thus, he 

suggests that more refuse leads to more intensive efforts to manage that waste, which is expressed in "the 

ratio of secondary to primary refuse." Kent (1984:172-173) claims that the introduction of bulky waste 

from commercial products among the modem Navajo has caused more intensive refuse management. 

However, the simple volume of refuse is not the only factor affecting hindrance value. The size

sorting effect cited above indicates that larger items are more hindering and, thus, more intensively 

managed. 

The type of refu!;e, with bulk and size, completes the trilogy of the refuse dimension factors. 

Differences in refuse type causes differential treatment of refuse (cf. Hayden and Cannon 1983). Useless 

and least hazardous refuse tends to be casually managed. Small-sized organic and inorganic debris, such 

as kitchen waste and ceramic sherds, are simply tossed into the "toft" area and streets in Highland Maya 

communities (Hayden and Cannon 1983; Deal 1983, 1985). This pattern of the least hindering type of 

refuse is also observed elsewhere. Kamp (1991) observed that refuse, such as ash and daily sweepings, 

were discarded over the compound walls into the streets in the village of Darnaj, Syria. On the other hand, 

refuse with some value or hazardous waste received special care. Valuable refuse, what Hayden and 

Cannon (1983:126) call "clutter" refuse, usually becomes provisional refuse and is intended for future use 

or reuse. Hazardous refuse is disposed of in a still different way to ensure that such waste not hinder 

future activities. Radioactive and biohazardous waste in our communities is discarded with special care 

and with costly efforts. In non-industrial societies, sharp objects, such as lithic and glass debitage, receive 

special treatments. Not only is such waste carefully contained as it is generated, but it is also disposed of 

in special locations, such as ravines, pits and remote locations (Clark 1986, 1991; Clark and Kurashina 

1981; Deal and Hayden 1987; Gallagher 1977). 
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Activity Dimension 

Factors in the activity dimension appear to have the most important influence on the relative 

hindrance value of refuse and the strategy of refuse management; factors in the other dimensions seem to 

be subordinate. 

Even with refuse of high absolute hindrance, the relative hindrance value would be low for certain 

activities. The management of lithic debitage illustrates this point. In the Alyawara settlement system, a 

similar type of lithic debris scatter -- a crescentic heap -- was generated at both procurement locations 

(Binford and O'Connell 1984) and residential camps (Binford 1986). The absolute hindrance value of the 

refuse is even higher in procurement locations because the size of the debris is larger and the debris 

generated is bulkier. Even so, lithic debris is left as simple primary refuse in procurement locations, while 

such debris is thoroughly managed at residential camps (ibid.). The same pattern of lithic debris 

management was observed among the Lacandon Maya by Clark (1986, 1991). While lithic debris in 

residential context receives special care, such "debris is left in situ" at procurement locations (Clark 

1991:75). Clark (ibid.) goes on to state that "the hindrance value for waste is extremely high but the 

overall hindrance value is low because of the specialized nature of such sites [procurement locations] and 

their infrequent use. " 

The above example shows that the type of activity -- i.e., site function -- influences fonnation 

processes. Another example of differential treatment of refuse based on site function can be cited from 

a comparison of ceramic breakage in villages and on trails (see above for examples). However, although 

similar site function probably leads to similar site maintenance strategies in many cases, it is advantageous 

to understand site maintenance in more fundamental terms. For this purpose, it is useful to employ the 

concept of activity organization. Binford (1989 [1987]:259) defines organization as follows: 

Organization is not just behavior. It is the manner in which behaviors are juxtapositioned and 
integrated with one another, and these generalizations cannot be seen simply by the identification 
of discrete behaviors themselves, not by inventorying the different ones present at different sites. 

In this sense, differentially organized activities of a type, say, lithic procurement, would generate different 
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refuse structures. Thus, causal factors of refuse formation must be sought in more basic elements of 

activity organization, such as variety, mobility, repetition, and duration. All these factors are of course 

interrelated and integrated into the activity organization. Variety refers to the range of activities performed 

in an activity area in a given time. Mobility of an activity measures the ease of relocating the activity 

elsewhere. An activity that requires non-portable artifacts, such as facilities and structures, would be less 

mobile than another activity that uses only portable artifacts or no artifact. Repetition denotes the rate of 

an activity repeated in the same activity area in a given time period. Finally, duration is the length of time 

that an activity area is used during an occupational episode. 

While both Schiffer and Binford in their propositions list the intensity of activity as the major 

cause of variability in site maintenance, the intensity of activity area use in a given time period can be 

defined by three elements: specifically, more variety, less mobility and more frequent repetition all 

contribute to higher intensity of activity area use. In this sense, the same refuse in a more intensively used 

activity area is more hindering and is managed by more intensive efforts. It is important to note here that 

all the factors affecting differential site maintenance are anticipated entities, although it is most likely that 

such anticipation is based on actual experience. For example, the duration that matters in maintenance is 

not the occupation span at a site measured after abandonment but the occupation span anticipated before 

abandonment, i.e., "planning depth" (sensu Binford 1987, 1988). At the same time, the hindrance of 

refuse is relative to the anticipated activities. 

For further discussion, it is useful to separate conceptually two tactics of maintenance activities: 

regular and ad hoc maintenance I (Schiffer 1987:64-65). Regular maintenance is performed on a scheduled 

basis in the activity area, while ad hoc maintenance is a response to random refuse generation events, such 

as ceramic breakage. When the planning depth is shallow, the area covered by regular maintenance is 

small and ad hoc maintenance may not simply occur outside of the immediately used area because of the 

I Regular and lid hoc maintenance seems to correspond roughly to what Binford (1983b:189) calls post hoc 
maintenance and preventive maintenance, respectively. 
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limited range of anticipated activities and the limited amount of anticipated refuse. At a limited activity 

site, such as hunting stand, the anticipated occupation is short, and the regularly maintained area is usualIy 

very smalI, which may simply be the sitting area around a hearth (e.g., the Mask Site). This principle can 

also be applied to the formation of abandonment stage refuse. At the planned abandonment stage, as 

Stevenson (1982) predicts, with limited planning depth, the intensity of regular maintenance becomes 

minimal because the anticipated range of activity is also limited. On the other hand, habitation sites of 

sedentary groups usually have indefinite planning depth. Thus, maintenance activities at such locations tend 

to be thorough, often with specialized dumping areas in order to support various potential activities to be 

conducted for a long time despite a substantial amount of refuse to be generated in that span (cf. Schiffer 

1987:65). Because of more anticipated activities, ad hoc maintenance usually covers the general activity 

area, such as an entire village (DeBoer and Lathrap 1979:129; see above for a Kalinga case). 

While the variety of activities and the planning depth are closely related in generalized activity 

areas, such as habitation loci, this is not the case in specialized activity areas. If a performed activity(ies) 

is highly redundant, the planning depth has little or no effect on maintenance. Trailside refuse provides 

a good example. Whereas an established trail has an indefmite planning depth, the range of anticipated 

activities on the trail is very limited, i.e., transit. Although other trailside activities probably occur, in 

general the only area that must be maintained is a narrow path. The mobility of the activity area is low 

because an established path would be more comfortable. Trailside refuse does not have to be maintained 

because it can be anticipated that the refuse would not hinder the principal activity on the trail. For the 

same reason, manufacturing loci for ceramic or other craft items tend to accumulate refuse in work areas 

than generalized activity loci because activities at specialized locations are highly redundant (cf. Ambler 

1987; Stark 1984). 

Lithic quarries provide an example in that the mobility of activities plays an important role in 

refuse formation. Despite the high hindrance value of lithic debris, refuse at these sites is often unmanaged 

(see above). Unless the distribution of source materials is very limited, the procurement/preliminary 
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processing activities can be mobile. Thus, refuse from previous quarrying episodes will not be very 

hindering to future activities. In other words, moving the activities is more economical than moving the 

refuse in this case. The mobility factor appears to be important in the comparison between semi-mobile 

and sedentary households. O'Connell (1987:87-88) recorded the high mobility of shelters for households 

within a settlement. Thus, this is not mobility associated with subsistence activities. In this community, 

the major components of maintenance are size sorting, small-scale dumping at the periphery of activity 

areas, and some sweeping as described above (O'Connell ibid.; Binford 1986). The accumulation of refuse 

is one reason for a household to relocate, but the relocation is only 10-20 m away. They could employ 

more intensive maintenance strategies, such as carting refuse to a designated area to stay at one location 

longer, as other sedentary communities do. However, since their investment for the shelters is low, they 

can move them more easily than refuse. This fact implies that special locations for dumping secondary 

refuse are most likely to be associated with a community that makes a substantial investment in immovable 

features and structures. 

Summary and Prospects for the Trail Problem 

The previous section has described how refuse is managed in relation to its net hindrance. It 

seems that the organization of activities is the principal determinant of relative hindrance as it interacts with 

the other dimensions. Since both space and refuse dimensions are observable in the archaeological record, 

the organization of activities can be inferred with the careful identification of formation processes. 

The strongest behavioral inference obtained from refuse structure is probably the spatial 

organization of past activities. This aspect of human behavior has already been explored by activity area 

research (e.g., Kent 1987; Binford 1983b, Chapter 7). Activity areas are almost always maintained in one 

way or another with few exceptions. While the spatial organization of activities may be self-evident in 

certain communities with lasting structures and features, such as prehistoric pueblos, refuse structure would 

provide strong evidence for behavioral processes in activity areas with no structure or less substantial 
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structures. 

Another aspect that is likely to be encoded in refuse structure is "occupational variability" (Sullivan 

1980). Sullivan (ibid.) argues that assemblage variability is affected by occupational variability as much 

as functional variability. This chapter's review has found that occupational permanence is probably 

encoded in long-term waste management strategies. Although one continuous occupational episode and 

repeated short occupational episodes with the same total occupation span (at habitation loci of similar 

population size) may end up with a similar amount of total refuse, such variability should be distinguishable 

by examining formation processes. Formalized secondary refuse deposits, such as trash mounds, are a 

reliable indicator of continuous occupation. The absence of such features, however, has to be interpreted 

cautiously because ravines, washes and other natural features might have been used for such large-scale 

disposal locations. The spatial distribution of refuse deposits would provide another good clue to 

occupational variability. A few longer occupational episodes would form a more clustered distribution of 

refuse deposits, while many short episodes would end up with a haphazard distribution of smaller clusters. 

This basic relationship can also be applied to more specialized activity locations. 

The inference of site functions, i.e., activity types, from refuse structure is probably less specific. 

This is because refuse structure appears to be affected more by factors of activity organization than by 

specific activity types and because sites with the same type of activity may be organized differently. Still, 

it is likely that the functional characteristics of an activity (or a group of activities) blend into organizational 

characteristics to a certain degree and are manifested in refuse structure (Binford 1989 [1987]:257, n.14). 

The evidence from refuse structure seems to be more useful in informing on the function of specialized 

activity sites. In generalized activity areas, different activities interfere with each other and this prevents 

refuse from forming distinct patterns unique to each activity (cf. Gould 1980: 196-197). 

For the problem discussed in Part II of this dissertation, refuse structure would provide decisive 

evidence. It is almost certain that the sites under consideration are specialized activity sites. Viable 

candidates for the function of these sites, other than trails, are plant exploitation loci (Raab 1974; Sullivan 
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1983; Goodyear 1975). The organization of the latter activities should be clearly distinct from that of 

trails. Resource exploitation activity is nucleated around central processing/collection points, where 

bounded activity areas associated with clustered and/or concentric refuse deposits should be present. On 

the other hand, on trails, no nucleated activity areas should exist and refuse nearby should remain in an 

unmanaged condition (these expectations are discussed again in Chapter Six in detail). 

Discussions in this chapter are intended to show that the potential of information from formation 

processes for behavioral inferences is much wider than apparently perceived. Formation processes, as 

encoded in the structure of refuse, can provide qualitatively different information from that available 

through conventional analyses of archaeological remains. These £.inds of information are complementary 

to each other and, combined, could furnish a much clearer picture of past human behavior. 
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PART II 

AN ANALYSIS OF SMALL SITES 
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CHAPTER FIVE 

THE SCA TIER AND ITS VICINITY 

The study area that contains the elongated artifact scatter is located in the western piedmont of the 

Tortolita Mountains (hereafter, "the Tortolita piedmont" refers to this western portion of the piedmont) . 

A large area of the piedmont was covered by the Northern Tucson Basin Survey (NTBS) between 1983 

and 1986 (Madsen et al. n.d.). More than 400 archaeological sites were recorded in the piedmont by the 

NTBS. The scatter was recorded as five different sites located next to each other by the NTBS. While 

the density of artifacts fluctuates, a further field inspection indicated that there are no clear boundaries 

between them. Moreover, this elongated scatter appears to continue to the northeast, the portion recorded 

as part of another large site. These observations led to the specUlation that this scatter was formed by a 

prehistoric trail passing through the area. The analyses presented in following four chapters of Part II are 

intended to examine this proposition. This chapter is to provide background information for the trail 

proposition by describing the environment and archaeology of the eastern piedmont of the Tortolita 

Mountains and the scatter. 

TORTOLITA PIEDMONT 

The Northern Tucson Basin Survey was a large scale survey project covering 2100 square 

kilometer by both full coverage blocks and transects between blocks (P. Fish et al. n.d.; S. Fish et al. 

1985, 1989, 1990, in press). The survey area of the NTBS spans the Picacho and the northern Tucson 

Basins and a part of the Avra Valley (Figure 1). Of the 2100 square kilometer area, 575 square kilometers 

received full coverage in three blocks, each block centering on a Classic Period platform mound. A full 

coverage area was swept by a series of parallel transects with crew spacing of approximately 30 meters. 

These blocks were connected by 90 meter wide east-west transects placed every one-half mile. 
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Figure 1. The study area of the Northern Tucson Basin Survey (Courtesy of the Northern Tucson Basin 
Survey). 
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Environment 

The Tucson Basin-Marana block is by far the largest full coverage block (350 square kilometers) 

in the NTBS. The western piedmont of the Tortolitas comprises the northern half of this block. Elevation 

in the piedmont ranges approximately from 2000 ft to 3000 ft. The climate of the area is typical semi

desert with annual rainfall being about 11 inches (Sellers et al. 1985). The vegetation in the piedmont 

predominantly belongs to the Arizona Upland subdivision. The piedmont at higher elevations is represented 

by the paloverde-cacti mixed scrub series (Lowe and Brown 1982). Towering saguaro is a salient 

characteristic of this area. As elevation decreases, saguaro and tree legumes decrease in number and the 

creosote-bursage series increases. At the bottom of the piedmont, where the central site, the Marana 

Platform Mound Site, is located, creosote becomes the dominant species (Reichhardt n.d.). 

The Tortolita Mountains consist primarily of granite and granodiorite (Wilson and Moore 1959; 

Wilson et al. 1960). The piedmont was formed by Pleistocene alluviation mantled by a thin sheet of 

Holocene alluvium (Katzer and Schuster n.d.). Coarse sand and fine gravel of decomposed granite are the 

major constituents of the Holocene sediments. Holocene alluvium is active both at the edge of the Tortolita 

Mountains and at the lower edge of the piedmont, providing favorable environments for flood water 

farming. There are three major drainage in the piedmont: from east to west, the Cottonwood, Derrio, and 

Guild Washes, all originating in the Tortolita Mountains. These major washes and numerous smaller 

washes have carved the paleo-alluvial fan, creating narrow, parallel-running ridges in the area. 

The piedmont can be divided into four environmental zones, which more or less correlate with the 

distribution of kinds of sites (S. Fish et al. 1989, Figure 9.6, 1990, Figure 49; Fish and Fish 1990; see 

below). From lower to higher elevation, Zone 1 represents a narrow band at the edge of the piedmont, 

where the ends of large and small washes create an active depositional environment resulting in numerous 

coalescing small alluvial fans. A band of large habitation sites in the Classic Period is located in this zone. 

Zone 2 comprises the lower portion of the piedmont, upslope from Zone 1. This zone is characterized by 

numerous and highly dissected small "finger" ridges. No water sources or alluvial fans for flood water 
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farming are located in this zone. The middle portion of the piedmont is designated as Zone 3. The study 

area is located in this zone. Parallel ridges have been carved out by erosion of the Holocene age, but these 

ridges are not as dissected as those in Zone 2. Because of deep valley fill, water percolates deeply; as in 

Zone 2, no surface or near-surface water, except for summer runoff, is available in this zone. However, 

this zone contains rich variety of edible plants including the products of saguaro and other cacti and 

leguminous tress, such as mesquite, ironwood, and paloverde. Zone 4 comprises the upper portion of the 

piedmont to the flank of the Tortolita Mountains. Because of shallow bedrock, the water table tends to be 

at an accessible depth and springs and rock tanks are scattered in this zone. Extensive alluvial fans of the 

Guild, Derrio and Cottonwood Washes at the edge of the Tortolita Mountains provide an optimum area 

for floodwater farming. 

Archaeology 

Four-hundred and sixteen archaeological sites were recorded in the piedmont by the NTBS. The 

distribution of these sites exhibits temporal and zonal variability. 

Changes in Settlement Pattern 

While all periods, from Archaic to Historic, are represented in the piedmont, site distribution 

through time periods covaries with zonal characteristics. Although defmitive temporal assignment of 

Archaic sites is often difficult, sites with many chipped stone artifacts and few or no ceramics probably 

have an Archaic affinity. At least a dozen or so sites meeting this criterion are mostly located in Zone 4. 

Entering ceramic periods, i.e., Hohokam periods, the number of sites does not appear to increase rapidly 

at first. Among 115 sites dated by decorated ceramics, only 1 site has a Pioneer component and 6 have 

Colonial components. While it is certain that there are some sites that belong to these early Hohokam 

periods among the remaining 301 sites undated by decorated ceramics, any sharp increase in sites from the 

Archaic is unlikely. 

During the Sedentary Period, the number of sites begins increasing; twenty-six sites are dated to 
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this period. Site clusters were formed near permanent water sources. In the Tortolita piedmont, a cluster 

was formed at the upper edge of the piedmont overlooking extensive alluvial fans produced by the three 

major washes (Figure 2). This cluster containing various kinds of sites appears to have been integrated 

around a large central site with a ballcourt. The ballcourt site and a few others contain many large trash 

mounds indicating intensive occupation. Although no earlier components at these sites are securely 

identified by decorated ceramics, it is highly likely that these sites have Pioneer and Colonial roots. This 

cluster is undoubtedly related to the presence of alluvial fans and permanent water sources in this area. 

Sedentary components are only poorly represented in other zones where no water sources can be found. 

Outside of the piedmont, the nearest site cluster in the Sedentary period is located at the northern 

tip of the Tucson Mountains, about six miles from the Marana Mound to the south-east (Figure 2). Igneous 

mass intrusions at the location force the otherwise deep underflow of the Santa Cruz River upward to the 

surface or near the surface. Water can be obtained by shallow wells in the floodplain at this location 

(Bernard-Shaw 1988). As Zone 4 in the Tortolita Piedmont, the occupation at this location appears to date 

back to Archaic and early Hohokam periods. Again, like the cluster in Zone 4, this cluster seems to have 

been integrated around large settlements, Los Morteros and the Huntington Site, with ballcourts. 

A major shift in settlement, and perhaps in social organization, marked the beginning of the 

Classic Period, not only in the northern Tucson Basin, but also in most Hohokam areas (Fish 1989; Crown 

1990; Wilcox and Sternberg 1983). Ballcourts were no longer built. Platform mounds and compounds 

replaced the integrative functions of ball courts. The number of sites dramatically increased during the early 

Classic Period (the Tanque Verde Phase, 1150 - 1300 AD, Figure 3). In the piedmont, 96 of 115 sites 

datable by decorated ceramics contain Classic components. This Classic expansion seems to merge the two 

site clusters during the Sedentary Period with the Marana Platform Mound as its central site. Several large 

habitation sites for the first time appeared along the lower edge of the Tortolita Piedmont in this period. 

S. Fish et a!. (1989, see also 1990) argue that canals existed from the tip of the Tucson Mountains 

to the vicinity of the Marana Mound Site (Figure 3). As these canals extended to the northwest, the lower 
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Figure 2. Preclassic settlement pattern in the northern Tucson Basin (Courtesy of the Northern Tucson 
Basin Survey). 
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Figure 3. Early Classic settlement pattern in the northern Tucson Basin (Courtesy of the Northern Tucson 
Basin Survey). 
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piedmont edge was progressively occupied from the south, eventually to the Marana Mound vicinity. They 

consider this progressive development of habitation sites along the canals, which appear to have provided 

a linkage between the sites, as one strong line of evidence for the presence of a Classic community in this 

area (S. Fish et al. 1989:247-249). 

Many sites sprang up in another direction from the Marana Mound Site. Previously unused areas 

in Zone 2 and 3 were filled with sites during the Classic Period bridging the void between the Zone 4 

cluster and the cluster at the Tucson Mountains. However, unlike the lower edge of the piedmont where 

large habitation sites colonized the unoccupied area, no large habitation sites appeared in the middle portion 

of the piedmont, while habitation sites occupied through the Sedentary Period became larger. Most new 

sites in the piedmont seem to be special-purpose rather than habitation sites. 

Zonal Distribution of Sites in the Tortolita Piedmont 

As described above, Zone 1 was first occupied by large habitation sites during the Tanque Verde 

Phase of the Classic Period. Among these sites, a long-term research project is ongoing at the Marana 

Mound Site (P. Fish et al. 1990). Other habitation sites in this zone that have been studied include Rancho 

Derrio, Muchas Casas, Rancho Bajo (G. Rice 1987). 

Uphill from these habitation sites in the lower piedmont, Zone 2 is characterized by a very 

extensive agricultural complex, including rock pile fields, check dams, cobble terraces, and huge roasting 

areas (485 hectares, altogether) were constructed in the lower piedmont (S. Fish et al. 1985, 1989, 1990). 

This complex is estimated to contain 42,000 rock piles and 120,000 meters of linear alignments (S. Fish 

et al. 1989:254). There is no doubt that the appearance of this complex was closely related to the 

establishment of large habitation sites nearby. 

The middle portion of the piedmont, Zone 3, contains many small-sized sites, but, virtually no 

habitation sites in this waterless zone. The elongated scatter for this analysis is located in this zone. While 

minor features, such as rock piles and rock rings, are present, the majority of sites recorded in this zone 
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are simple artifact scatters with no features (92 of 126 sites in Zone 3). Many of these small sites are most 

likely related to activities exploiting rich plant resources in this zone. 

The pre-Classic core of habitation sites increased its size in Zone 4 during the Classic Period, 

remaining to be an important area for human habitation. While many agriculturally related sites, including 

rock pile fields, were recorded in this zone, in contrast to the lower elevation areas these agricultural sites 

are not independently located, but are closely placed around habitation sites. 

THE ELONGATED SCATTER 

The elongated scatter is located in Zone 3, extending into Zone 4 between the Derrio and 

Cottonwood Washes (Figure 4). Although the scatter was not originally recorded as such, it runs through 

AZ AA: 12:507, AA: 12:533, AA: 12:529, AA: 12:528, and AA: 12:526 from southwest to northeast (Figure 

5). Past AA: 12:526, the scatter shifts its direction slightly northward and appears to merge into the site 

area of AA:8:27, a large habitation site with a rock-lined compound. West of AA:12:507, as the ridge 

containing the scatter descends into the floodplain of the Derrio Wash, the scatter fades out (Figure 4). 

If this scatter is indeed the remnant of a prehistoric trail, it would have been a tmil connecting 

habitation sites along the lower edge of the piedmont with the areas in the upper piedmont. The trail would 

have some implications in arguing for the existence of the Marana Community during the Classic Period 

centering on the Marana Mound Site (S. Fish et al. 1989, 1990; Fish and Fish 1990). The southern 

linkage of the community is claimed with the presence of canals between sites arollnd the Marana Mound 

and the cluster located at the tip of the Tucson Mountains (S. Fish et al. 1989:247-249). However, the 

northern linkage between the cluster around the Marana Mound in Zone 1 and the site cluster in the upper 

piedmont in Zone 4 has not been demonstrated. While the void in Zones 2 and 3 was filled by the Classic 

expansion, this fact alone is weak in supporting the argument that links existed between the two areas. The 

relationship between the two site clusters still remains to be investigated. None of the upper piedmont sites 

has been intensively studied. If the existence of a well used trail is identified, that would provide some 
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Figure 5. Site distribution near the elongated scatter and the study transects. 
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support for the claim that the Marana Classic community spanned from the Tortolita Mountains to the 

Tucson Mountains. 

In order to relate the alleged trail to the Marana Community, the absence of remains between the 

end of the scatter and the area around the Marana Mound Site must be accounted for. A projected route 

of the trail from the end of the scatter is one that follows along the Denio Wash area until it reaches the 

edge of the piedmont, where it meets Rancho Denio and the Marana Mound (Figure 4). While it is 

possible that the trail climbs up again to an opposite ridge across the Denio Wash, such a possibility can 

be ruled out because only rock pile fields and no linear scatters are present in such locations. Unlike 

smaller washes, the Denio Wash has developed a broad flat area along its water course. Although it would 

be laborious to walk on the sandy bottom of a wash, the Denio Wash provides ample areas other than the 

active wash bottom to walk through. The absence of remains along the wash can be explained by several 

factors. First, Denio floodplain in this area is an active alluvial fan with associated sediment deposition. 

Thus, artifacts, even if once existed, may be either buried or washed downslope. Second, this floodplain 

is most likely to be a locus of significant prehistoric agricultuml activities (P. Fish, personal 

communication, 1991). These prehistoric activities may have obscured deposited artifacts. Lastly, because 

of the width of the flat area, a modem dirt road runs along the wash in the area in question. This road 

can be cited as evidence for the presence of a passable area in the wash. Modem disturbances associated 

with this road seem to be significant enough to oblitemte any tmce of prehistoric human activities in the 

area. These explanations are all based on negative evidence and are admittedly weak as support for the 

trail proposition. However, if examinations indicate that the scatter appears to be a trail remnant, such 

explanations for the absence of remains would be more acceptable. 



97 

CHAPTER SIX 

THE PLAUSIBILITY OF THE TRAIL PROPOSITION 

Any proposition should be evaluated prior to data collection as to whether it is worth investigating 

further. If the prior probability (sensu Salmon 1982:42-49) for the trail proposition is low, further 

investigations on this subject may be simply in vain. 

The purpose of this chapter is to assess the plausibility of the trail proposition by examining its 

prior probability. I began with a preliminary survey of archaeological documents and publications to 

overview the range of variability in recorded prehistoric trails in Arizona. In the course of the survey, it 

became apparent that almost all prehistoric trails have been identified by linear traces on the ground. As 

described in the previous chapter, the study area is located in the Tortolita Mountains piedmont, where the 

dominant substrate is sandy gravel of granitic origin. The lack of desert pavements in the area makes it 

difficult to preserve traces of prehistoric trails. Although faint linear traces are sometimes visible in the 

study area, these traces are located not only on ridges with artifacts, but also on other ridges with few 

artifacts. Modem cattle appear to be the principal agent leaving such traces. Thus, the examination of the 

proposition has to rely on artifacts as the only major source of evidence. 

The tasks of this chapter are three. First is to appraise the range of variability in recorded 

prehistoric trails, especially with regard to artifact association. Second, possible processes that form 

substantial trailside scatters are examined. This examination has found that the duration of trail use being 

equal, water-fetching activities would generate a quantity of artifacts large enough to form a continuous 

scatter along a trail. Therefore, the third and final task is to explore whether "a water-fetching trail" is 

a viable proposition for the study area. 

OVERVIEW OF ARCHAEOLOGICALL Y RECORDED TRAlLS 

AZSITE Records 
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Table 1. Distribution of trail sites and all sites in AZSITE by province. 

PROVINCE Trail Sites All AZSITE 

Desert 432 (83.4%) 6,537 (29.4%) 
Mountain 6 ( 1.2%) 1,166 ( 5.2%) 
Plateau 13 ( 2.5%) 4,214 (19.0%) 
Transition 19 ( 3.7%) 3,646 (16.4%) 
Great-Basin 0 ( 0.0%) 19 ( 0.1%) 

not recorded 48 ( 9.3%) 6,650 (29.3%) 

Total 518 22,232 

Archaeologically recorded trails are by no means rare. AZSITE, an archaeological data base 

housed in the Arizona State Museum (cf. Rieger 1981; Kvamme 1985), contains 518 sites that either have 

trails as features, or are trails themselves. Of these, 403 sites have prehistoric components and the 

remainder are either historic trails (N =51) or temporal placement unknown (N =64). 

Most, ifnot all, trails seem to be identified by linear traces on the ground. Not surprisingly, most 

of them were found in desert regions, where such physical traces are more likely to be preserved. 

Although no sampling scheme is used in AZSITE, the concentration of trail sites in the desert region 

appears significant. Four-hundred-thirty-two, or 83.4% of the 518 trail sites, are located in the desert 

province, while only 29.4% of all sites in the AZSITE system are in this province (Table 1). The majority 

of the trail sites are located in the western half of the desert province encompassing south-central Arizona 

to California and Sonora, Mexico. This area of Sonoran and Mohave deserts is described as: 

Low elevation, high temperature, and precious little precipitation have combined to produce a 
desert which at first glance appears to embody perfectly the concept of an inhospitable wasteland 
(Huckell 1979: 1). 

Annual rainfall of less than 5 inches is not exceptional in this area (Sellers and Hill 1974; Sellers et al. 

1985). Such intense aridity combined with strong winds encourages the development of distinctive desert 
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features, such as desert pavements (Rogers 1966:39-43; Hayden 1965). These features, once formed, are 

stable, and if disturbed, preserve unmistakable traces. 

Artifact Associations with Trails 

As other computerized data bases, information in AZSITE has limitations. While it is possible 

to know that features, such as trails, and artifacts coexist at a site, it is inconclusive about whether and 

which artifacts were associated with particular features. In order to investigate artifact associations with 

trails, published reports were surveyed. The purpose of this section is to examine the feasibility of 

identifying trails by artifact distributions. 

Though published accounts of trails are abundant, explicit and quantitative descriptions of the 

artifacts associated with trails are limited. Many reports do little more than mention the existence of trails 

(e.g., Ezell 1954:5-6; Goodyear 1975:294, Figure 3; Hayden 1965,1967, Figure 1; Rogers 1958:17; Spain 

1975:2). Some others present more specific descriptions of trails, but fail to spell out any artifact 

associations (Canouts 1975; Greenleaf 1975; Schroeder 1952; Rosenthal 1979; Stacy 1974; Fontanl( 1965; 

Huckell 1979; McDonald et al. 1974). 

Among published trails whose artifact associations are mentioned, several trails are reported to 

have no artifacts with them. However, trails lacking artifacts are probably more than just those positively 

reported without artifacts. Trails with no artifacts tend not to be reported or given fields numbers (see 

Rodgers 1976:65; Canouts et al. 1972 for examples). In other instances, trails whose artifact associations 

were not reported probably have few artifacts because concentrations of artifacts are unlikely to be ignored. 

For these artifact-less trails, of course, it is not possible to identify them except by linear physical traces. 

Some trails, however, were found with artifacts. Ceramic sherds along a trail are often described 

as "trail breakage. " 

All pottery found along the 1.7 miles of the trail which was traced is Palo Verde Series. "Trail 
breakage" is an excellent term for the sherds recovered. They are localized at four or five points 
along the margins of the trails, ... These concentrations have all the appearances of having once 
been vessels which were dropped while being carried by someone using the trail (Breternitz 
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1957:3, emphasis added). 

Hayden (1965:275) also stated that: 

... trails used since the introduction of ceramics commonly show "trail breakage," such as 
remnants of vessels dropped and broken along the way. 

Stewart and Teague (1974:37-38) also use the term to describe ceramics along several trail sites in the 

Vekol Mine area in Arizona. In a nearby area, Santa Rosa Wash drainage, Raab reported some sherds 

along trails (1974:212-241), but the quantity is limited. A few other trails are also reported in an adjacent 

area (Canouts et al. 1972:73-116). Although artifacts were also reported from these trails, the artifacts 

appear to be from non-transit activities. 

Trailside artifacts are those either discarded or lost in transit. Therefore, they should consist 

almost exclusively of broken ceramics. Given the visibility of the surface in general desert areas, it is not 

likely that many items would be lost, and unlike ceramics, lithic artifacts would not break when dropped. 

Thus, the presence of lithics, such as debitage, flakes, and tools, should suggest that an activity(ies) was 

once performed at the location. 

A clear contrast between trail-related artifacts and artifacts in other activity loci was reported from 

the Granite Reef area, northwest of Phoenix, Arizona (Brown and Stone 1982a). The study was conducted 

for the Central Arizona Project and lithic artifacts were generally predominant in the study area. 

Ceramic sherds were rare, .. , The sample of sherds was minuscule compared to thousands of lithic 
artifacts. ... Ceramic loci frequently consisted of single pot break or trailside scatters (Stone 
1982:99, emphasis added). 

Four trail sites were reported (Brown and Stone 1982b:88-92); one had no artifacts along it. Artifacts 

associated with the other three trails were mostly or exclusively ceramics (Brown and Stone 1982b, Table 

3.10). This appears significant considering the fact that over 90% of all artifacts recovered from non-trail 

sites in this area were lithics. 

The most extensive study of prehistoric trails in the desert Southwest was conducted by Malcolm 

Rogers (1939, 1945, 1966). He recorded and collected more than 500 Patayan sites, and many of them 
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were either trails or related to trails (Waters 1982a:276). Rogers' Patayan (Yuman in his terms) ceramic 

chronology was based on trailside ceramics (Rogers 1945; Waters 1982a:276). Although Rogers never 

published quantitative data on trailside ceramics, he reported that Patayan trails included "a profusion of 

potsherds along their courses" (Rogers 1966:75). Fortunately, Waters has compiled Rogers' unpublished 

records and published an artifact summary of his Patayan sites (Waters 1982b, Table H.l). This 

publication supports Rogers' earlier account of "the existence of well-developed trails which are strewn 

with thousands of broken vessels" (Rogers 1945: 181, emphasis added). 

Therefore, the answer to the first question -- whether trails can be identified by artifacts -- seems 

to be yes. It is possible that a distinct artifact scatter developed along a prehistoric trail. Thus, by 

examining such a scatter, it may be possible to identify a trail by its associated artifacts. For now, this 

finding is sufficient for the purpose of this survey to examine the feasibility of detailed analysis of the 

linear artifact scatter in the Tortolita piedmont. However, trails are not invariably accompanied by linear 

scatters of ceramic sherds as the many reported "artifact-free" trails suggest. At the same time, not all 

linear scatters of sherds are necessarily trails. This assessment of the archaeological literature neither 

supports nor refutes the proposition that the scatter in the study area is indeed a trail remnant. It merely 

shows that the trail proposition has a non-trivial prior probability. The adequacy of the proposition must 

be tested by evidence. 

Sources of Artifact Variability along Trails 

At least two types of trails have been documented in the archaeological literature: one with few 

or no artifacts and the other with predominantly ceramic sherds. This section provides characteristics of 

these types in order to identify possible mechanisms of trailside refuse formation. 

Reasons for the absence of artifacts can vary. Hayden (1965:274) cited modem curio seekers and 

tourists as responsible for disappeared artifacts. Rogers (1966:49, 1945:181) suggested that prehistoric 

travelers were picking up sherds along trails for offerings at trail shrines. In fact, his excavation of one 
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such shrine yielded numerous sherds, probably from a few hundred ceramic vessels (Waters 1982c). 

Some trails simply predate ceramics (Hayden 1967, 1982:584; Rosenthal 1979). While the age 

of such trails cannot be surely known without datable artifacts, Rogers (1966:47-49) indicated that some 

non-artifact trails are certainly older than trails with ceramics. Proposed older trails were affected by 

arroyo-cuts, while sherd-bearing trails tend to detour around such arroyos (see also Hayden 1965:275, 

Figure 4; Waters 1982a:276). 

Yet another reason, probably more important than the others, is the function of the trails. The 

first precondition for trail breakage is that ceramic vessels were carried along trails. Although the rate of 

breakage is difficult to estimate, frequent traffic bearing ceramic vessels was necessary to result in one 

episode of trail breakage (see below). Thus, if a trail was not used for activities which require transporting 

ceramics, the trail probably was not associated with artifacts. In the Granite Reef area, artifacts were 

totally absent from one trail, while the other three were associated with a fair number of ceramics. The 

trail without artifacts can be older, but may have been used for other types of activities. In some cases, 

trails that connect various activity loci nearby form a network. These types of trails tend to be artifact-free 

(Teague and Baldwin 1978; Goodyear and Dittert 1973; McDonald et al. 1974). 

Trails associated with artifacts appear to be longer and to extend over different environmental 

zones. Patayan trails usually start from rivers (Gila and Colorado) and lead inland (Rogers 1966:47, 75; 

Waters 1982b, Figure H.l). As described by Rogers (1966:75): 

As in California, the east side of the Colorado River valley terraces retain the imprint of numerous 
trails leading toward interior regions and in the Lower Gila River valley the same condition 
obtains on both the north and south sides .... 

They have a profusion of potsherds along their courses, ... They lead to definite water sources 
of even the historic period, but through low passes in intervening desert ranges. Whether they 
leave the Colorado or the Gila, the trails have this in common: when they reach interior 
destinations, their association with potsherds halts most abruptly. From there on to their ultimate 
goals, what little cultural material there is, is predominantly of a foreign nature. 

Those inland destinations are "large camps at the points when the abundance of trail potsherds leaves off" 

(ibid.). 
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AZ S: 1 :5(ASU) in the Granite Reef area is another typical trail that crosses environmental zones. 

Since this site was recorded by a Central Arizona Project (CAP) right-of-way survey, a complete picture 

of this trail is not available outside of the CAP canal boundary. As far as recorded, the trail runs from 

the floodplain of the Bouse Wash into the Granite Wash Mountains (Brown and Stone 1982b:66, Figure 

3.11). Artifacts -- mostly ceramic sherds -- were distributed in a lO-meter-wide stretch along the trail 

(Brown and Stone 1982b:91). 

Other trails with artifacts were reported from the Santa Rosa Wash area and the Vekol Mines area, 

both in the central Papago Reservation close to each other (Canouts et at. 1972; Raab 1974; Stewart and 

Teague 1974). While the quantity of artifacts along these trails is not large, they appear to be connecting 

different biotic zones. 

'" this trail complex is located precisely between the large complex sites on the east floodplain 
and numerous specific-task sites in the Slate Mountains (Raab 1974:277). 

'" trails exhibit the same characteristics as those in the Slate Mountain study area, which have 
been postulated to connect communities in two major biotic zones (Stewart and Teague 1974:37). 

Summary 

Archaeological documents show that prehistoric trails are ubiquitous under favorable preservation 

conditions. The development of desert pavements is the major condition that leads to prehistoric trails still 

being visible today. As a matter of fact, all published trails in the desert Southwest were found on desert 

pavements. This does not mean that trails were developed only in more arid regions, but that more active 

geomorphological processes in less arid regions have obliterated trail traces on the ground. 

Artifacts associated with the published trails seem to be less dense than those along the elongated 

scatter in the study area. The Granite Reef trails bear the densest artifacts along them, which is stilI 

sparser than the scatter. Areas where these published trails were found are invariably more arid and were 

more sparsely populated than the Tucson Basin. No sites near the published trails are even close in size 

to large habitation sites in the northern Tucson Basin in the early Classic Period. It is reasonable to assume 
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that the quantity of artifacts, mostly ceramics, along a trail is a function of the frequency of traffic bearing 

ceramics and the duration of the trail use. Therefore, while the elongated scatter contains much denser 

sherds, if a trail along the scatter was used by larger populations at habitation sites in the Tortolita 

piedmont during the early Classic Period, the density of artifacts in the scatter would not preclude a trail 

as a possible function of the scatter. 

PROCESSES FORMING TRAILSIDE SCATTERS 

This section discusses trail-using activities in relation to their potential for leaving trailside scatters. 

These activities are not those conducted on a trail; the activity conducted on a trail is transit -- movement 

from one place to another. Rather, this section concerns activities that require people to travel on a trail. 

The key variables affecting the potential of each activity for depositing artifacts along a trail include the 

frequency of. travel, the kind and the quantity of artifacts carried on a trip, the total duration of trail use, 

and the population of the "catchment area" of a trail. The relative quantity and the kind of artifacts that 

are likely to be deposited by a trail-using activity can be estimated depending on these variables. In order 

to simplify the following discussions, the total duration of trail use and "catchment" population size are 

held constant. The discussions are based on a hypothetical case assuming that the trail along the scatter 

was used by residents at habitation sites in the Tortolita piedmont during the early Classic Period. 

Activities to be discussed are (1) both food and non-food resource exploitation, (2) seasonal 

migration, (3) transactions between settlements, such as exchange, and (4) water fetching. There are, of 

course, other uses of trails, such as long-distance trade (cf. Ericson 1977; Sidrys 1977), war trails (Rogers 

1966), and more formal "road" systems -- Inka highways, Chaco roads, and Maya causeways, for example. 

These trails are not relevant to the problem and, therefore, will not be discussed. 

Trail Breakage Rate: an Ethnographic Case 

Before proceeding to the discussions of activities using a trail, it is perhaps useful to calculate how 

often a pot breaks along a trail. This exercise intends by no means to generate a "magic number" to apply 
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to prehistoric ceramic breakage but only to provide a reference point. From a Kalinga village in the 

Philippines more detailed data are available on ceramics breakage (see Tani, in press). The Kalinga 

Ethnoarchaeological Project (see e.g., Longacre 1974; 1981; 1985; Graves 1980; Longacre and Skibo, in 

press) recorded ceramic breakage events as thoroughly as possible in the Kalinga village of Dangtalan 

during the 1987-88 field season. The village was then composed of 62 households and 318 people. While 

the project attempted to record breakage for the entire year, the records obtained from October 1987 to 

April 1988 were most thorough. During the period, 70 broken pots were recorded. (This record was 

briefly mentioned in Chapter Four.) 

While the causes of breakage varied, the most frequent cause was breakage related to 

washing/cleaning pots at water sources. Thirty-seven broken pots were recorded in this context. Within 

this category, there were two kinds of breakage: one was breakage during actual washing and the other was 

breakage during the transport of pots to and from water sources. The latter is of primary interest, here. 

Water sources in Dangtalan include so-called "faucets" and springs. Water is brought through pipes to 

three "faucets" located in the village. The springs are located about 200 meters away from the village and 

are connected to it by a steep path. The relative frequency of use between the faucets and the spring is 

not known; however, the counts of broken pots during washing were 15 at the faucets and 13 at the spring. 

Because there should be no difference in the likelihood of breakage at either location, the actual number 

of pots brought to each was probably comparable. 

Kalinga households usually use two pots at each meal, one for rice cooking and the other for 

vegetable/meat cooking. Actual records of Kalinga cooking behavior indicate that the average number of 

pots used in a single meal was 1.72. Thus, 319.9 (1.72 x 3 meals x 62 households) pots would be used 

in Dangtalan in a day. All these pots are to be washed, usually by young girls of the family. During the 

period of 7 months, when breakage was thoroughly recorded, 67,183 pots (319.9 x 210) are estimated to 

have been transported to a water source. While ceramic pots are· used almost exclusively for vegeta

ble/meat cooking, metal pots as well as ceramic pots are used in rice cooking. Roughly estimated, about 
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30 to 40 % of all pots used are metal. Thus, approximately 43,670 ceramic pots would be used and washed 

during the period. If the frequencies of pots washed at faucets and at springs are assumed to be about 

equal, 21,835 ceramic pots would be taken to the springs in seven months. 

Five pots were broken on the trail to springs. Thus, one breakage event during transportation on 

the trail would occur for every 4,367 ceramic pots which traveled between houses and water sources. It 

is probably reasonable to assume that the project failed to record some pottery breakage events. However, 

even if the project missed 50% of the breakage events, which is highly unlikely, a substantial number of 

pots still need to be transported before one breakage event occurs. 

These data suggest that accidental breakage during transport is by no means frequent. In a 

hypothetical case that each household in a settlement of 100 households sends someone to another location 

with one ceramic pot every day, 36,500 (or 73,000, if pots are brought back to the settlement) pots would 

be transported over one year. With the rate observed in Dangtalan, even such intensive ceramic 

movements would result in only about 8 (or 16) broken pots in a year. Therefore, forming a linear 

trailside scatter would takes either frequent trips with ceramics, a very long time, or both. The frequency 

of breakage is also affected by many variables, such as condition of the ground surface, slope, who carries 

a pot, and so on. Since breakage recorded in Dangtalan occurred on a steep path, the breakage rate on 

a flat trail would be even lower than these data indicate. 

Activities Using a Trail 

Resource Exploitation 

The artifacts involved in resource exploitation activities were mainly baskets, wooden implements, 

and chipped stone artifacts. Such artifacts would not break when dropped. Although ceramic vessels are 

not necessary in such activities, drinking water for the day would have to be carried. Containers for this 

task are most likely to be ceramic vessels. 

The frequency of those trips could be daily when collectable resources are abundant. The Sonoran 
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Desert is rich in edible plants generally lacking bitter or toxic compounds (Fish and Nabhan 1991:41). 

During hot summer days, the drinking water necessary for a person during an 8-hour foray may reach 

about a gallon (Brown 1947a:123, Table 8-B, also see below for water requirements). Therefore, it is 

likely that at least one ceramic vessel is involved in each trip, though the size of a pot containing, say, a 

gallon of water is not very large (assuming that the vessel body is a complete sphere, the size of a one

gallon pot is slightly less than 20 cm in diameter). 

In summary, resource collection, especially of edible plants, is likely to be a high frequency 

activity, in which people carry along at least one small pot (or canteen). Over a long time, such activities 

might deposit a large number of ceramic vessels. However, it seems unlikely that this activity would 

generate a clear linear pattern of ceramic refuse. Collection activities should not be confined along an 

established path. Rather, the area covered by the activities is more diffuse to maximize the return for the 

trip (e.g., Binford 1980, Figure 2). Therefore, a refuse pattern created by resource exploitation activities 

should also be diffuse; the total number of broken vessels in an entire collection area may be high, while 

the concentration of ceramics at any given spot would be low. 

A case in the Santa Rosa Wash area (Raab 1974) seems to be a typical example of this case. 

Numerous east-west oriented trails are concentrated in a small area (ca. 1 square mile) in the bajadas of 

the Slate Mountains. While any trail almost always yields artifacts, the quantity was limited (Raab 

1974: 161-241). This trail concentration is located directly east of habitation sites in the floodplain of the 

Santa Rosa Wash. On the eastern end of the trails, in the Slate Mountains, are small but numerous 

"specific-task" sites. Therefore, it appears likely that these trails were used when inhabitants at the sites 

in the floodplain gathered resources in the Slate Mountains (Raab 1974:276). 

Exchange 

Unlike resource exploitation, trips for exchange would follow an established trail. Although non

perishable items have been the center of the archaeological inquiry, it is almost certain that perishable 
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commodities, such as food, basketry, and textiles, were at least as important as non-perishable item 

exchange. However, many studies tend to deal with interregional exchange of non-perishable exotics, such 

as Hohokam-Mesoamerica ties through exotic trade (e.g., McGuire and Howard 1987; Nelson 1986). A 

study of foodstuff exchange by Gasser and Miksicek (1985) is a notable exception to this rule. 

Relevant forms of exchange to this study, however, are inter-settlement exchanges that involved 

in ceramics--either as containers or as exchanged items. The bulk of exchanged ceramics on each trip is 

difficult to estimate. If the content of ceramics, rather than ceramics per se is exchanged, only a small 

number of ceramics are likely transported on each trip. On the other hand, if ceramics are the exchanged 

commodities, the number of transported ceramics could be large. However, the lack of special means of 

transportation, such as boats and horse-drawn wagons, would limit the upper ceiling of transportable 

ceramics. Burden baskets like ones used by Piman groups (gihos) would have been the most efficient 

means of transportation among the prehistoric Hohokam. With a burden basket, a person could carry as 

many as about a dozen pots (see Bahr 1983, Fig. 7). While these women in the cited figure were taking 

pots for sale in Tucson, this form of exchange prior to the arrival of Anglos may not have been common. 

For example, two major types of exchange among the Papago were the gift and the wager (Bahr 1983: 190). 

Ceramics do not appear to be actively exchanged through wager and gifts among the Papago. However, 

in other societies like the Kalinga, ceramics are a common item given as gifts (cf. Longacre 1981). Even 

if ceramics were actively exchanged among the Hohokam, in contexts other than sale, it is likely that only 

a few pots were transported on each trip. 

The kind of ceramics carried on a trail for exchange would have some specific characteristics. 

Many have argued that vessel forms that were easy to carry were predominant in exchange (e.g., Colton 

and Hargrave 1937; Colton 1946; Rathje et al. 1978; Rottliinder 1968; Whittlesey 1974). Kojo (personal 

communication, 1991) finds that bowls were more often exchanged than jars on the Colorado Plateau, 

presumably because bowls are smaller and have a higher portability. 

The frequency of trips can vary depending on the mode of exchange and the kind of exchanged 
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items. However, it is unlikely that such trips were made as often as other trips on a trail, such as resource 

exploitation and water fetching (see below). Rather, exchange trips tended to occur only a few times a year 

during less busy periods, such as during the winter (cf. Fontana et al. 1962; P. Rice 1987). With a limited 

number of trips, the contribution of ceramic exchange to trailside refuse would be limited compared to 

other activities during the same period of time. 

Seasonal Migration 

Seasonal migration also causes people to move from settlement to settlement. Rogers (1966:75) 

suggested seasonal migration as a major cause of ceramic refuse along Patayan trails: 

A reasonable explanation of the situation would seem to be that the profusion of broken ceramics 
and other Yuman cultural material, adjacent to the trails for certain distances, was due to family 
groups engaged in seasonal forays into the hinterlands in search of kinds of sustenance which the 
river valleys did not provide. Bolstering this theory is the presence of large camps at the points 
where the abundance of trail potsherds leaves off. 

It is conceivable that a substantial number of people migrated between seasonal settlements. Thus, many 

broken ceramics could be a result of such migration. However, this would be the case only if pots were 

carried along with the migrating people. Ethnographic accounts indicate that it is unlikely that many pots 

were carried during such migrations. Rather, the ceramic assemblage would have been left at each 

settlement. 

The biseasonal migration of the ethnographic Papago is well known as "The Two Village Model" 

(Fontana 1983: 131; Underhill 1939:97; Castetter and Underhill 1935; Cas tetter and Bell 1942). Several 

archaeologists have used the two village model for interpretations of prehistoric settlement patterns 

(McGuire 1977; Masse 1980; Raab 1976). Whether the Papago settlement pattern provides an adequate 

analogy for prehistory is stilI debatable (McGuire 1982:74,97-98). Here, Papago records were simply used 

as an example of seasonal migration. 

When people migrated between seasonally scheduled settlements, they did not carry ceramic pots 

with them. 
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At the Well every family had a house or some sort of shelter, and there they kept a duplicate set 
of heavy household utensils, such as jars and grinding stones (Castetter and Underhill 1935:5, 
emphasis added). 

People buried such heavy tools to protect them from possible encroachment and they carried baskets and 

sleeping mats to the destination (Underhill 1951:42). There is no definite record about whether those pots 

at each settlement were made anew there (which is the case among the Tarahumara, see below), or were 

brought in from a limited number of ceramic manufacturing locations. Even if the latter is the case, 

ceramic transport would have been only once per each settlement when a settlement was established. 

Another account reports that a Papago woman carried pots when her family migrated to Sonora 

for wage labor during the winter (Underhill 1936:43-44). She slipped on the way and broke all her 

vessels. This type of behavior is more the exception than the rule because her family migrated to a foreign 

place where there was no dwelling equipped with pots for the family. Moreover, people may not always 

have carried pots even to a foreign place. OW. J. McGee ... found Papagos near Hermosillo, Sonora, 

Mexico, making pottery in the winter," while pottery is usually made during the summer among the Papago 

(Fontana et al. 1962:20). Such deviant behavior was probably prompted to avoid carrying pots to the 

location. 

The Tarahurnam provide another example of seasonal planned migmtion. The Tarahumam live 

either on canyon floors or mesa tops during the summer where they cultivate; in winter they move to caves 

and rockshelters in the canyon wall (Kennedy 1978:65-67; Merrill 1983:293; Pastron 1974: 100; Zingg 

1942:80). They migmte to winter caves because they feel such places provide better shelter from winter 

cold for them and their livestock. Their stay at the winter caves could be short and so winter homes are 

more temporary. Therefore, the relative role of winter and summer residences is reversed compared with 

the Papago two village system, while they both cultivate at summer residences. 

As in any other generalized residential system, the Tarahumara biseasonal settlement pattern is 

not practiced by all families (Kennedy 1978:65; Merrill 1983:291). Nonetheless, when the migration 

occurs, people rarely transport ceramic vessels with them: "It is much more common for pottery to be 
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made anew once the Indians arrive at their homes in the canyons" (Pastron 1974:108). 

Of course, it is difficult to generalize about ceramic transport during seasonal migration on the 

basis of only two groups. With no positive evidence of ceramic transport, however, the prior probability 

of seasonal migration being a major cause of trailside scatters appears to be low. 

Water Fetching 

The last activity to be assessed is water fetching. This activity has certain characteristics that 

would make it a consistent source of trailside refuse. Unlike resource exploitation activities, the destination 

of water fetching is a limited number of water sources in the desert environment. Therefore, once a trail 

is established, people would always follow the established route and refuse generated by water-fetching 

trips would be concentrated along it. For transporting liquid, ceramic vessels are the most suitable 

containers because of the structural strength for their size, though other containers, such as gourds, may 

be better suited for smaller amounts of liquid. The need for water-fetching trips would be high for 

households at water-deficient locations, perhaps everyday during certain seasons. Transporting a vessel 

filled with water also arises the probability of breakage because it is heavier and the center of the gravity 

becomes higher. Papago water-fetching activities as an example in the desert environment are more 

extensively discussed below. 

Even in non-desert environments, water fetching appears to be almost an everyday activity for 

households without indoor plumbing. Existing ethnographic records indicate that concentrated sherd 

scatters tend to be formed along water-fetching trails. Deal mentioned that ceramic refuse accumulated 

"along paths between kitchen and water source" in Highland Maya communities (Deal 1985:264; see also 

Figure 5). In another instance, among the Shipibo-Conibo in the Peruvian Amazon, "sherds resulting from 

the accidental breakage of water-carrying jars are frequently strewn along the trail which connects every 

household to a nearby river or lake" (DeBoer and Lathrap 1979: 129). Among the Kalinga of the 

Philippines, Longacre (1981:64) reported that "the densest sherd deposits are adjacent to the trails that lead 
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to the water sources and at the springs themselves." (see also Chapter Seven). 

Summary 

Water fetching seems to be a viable activity for sherd accumulation along a trail. There are three 

key elements in this activity. First, it always involves ceramic ves§els. Second, it happens regularly and 

frequently. Third, it follows an established path. Breakage during water-fetching trips would be confined 

along a trail, and, provided a sufficient number of breakage events, water fetching would result in a linear 

sherd scatter along a trail. 

In contrast, while the other activities examined here share some of these characteristics, none of 

them appear to be as capable of generating a linear scatter along a trail as water fetching, given the same 

"catchment" population during the same period of time. While resource exploitation activities may occur 

as frequently as water fetching and may involve ceramics for carrying drinking water, those activities 

would not be confined to a narrow linear area. While the same trails may be used by seasonal migrations 

repeatedly, not many ceramics seem to be carried along such trails frequently. 

Ceramic exchange is probably the second viable activity that would leave a linear sherd scatter 

along a trail. The carrier would stay on a trail during ceramic transport; many ceramics could be carried 

along at once; however, the frequency of such trips would be far less than water fetching. Therefore, 

water-fetching activity seems to have more potential for yielding ceramic refuse in a given period of time. 

Nonetheless, over a long period of time, ceramic refuse generated by ceramic exchange may become 

similar to that produced by water fetching. This apparent equifinality can be sorted out by examining 

vessel form composition in refuse because vessels involved in ceramic exchange and water-fetching trips 

should be distinguishably different (see Chapter Seven). 

The above assessments suggest that water fetching would be the activity most capable of generating 

ceramic refuse along a trial if the catchment population and the duration of trail use are held constant. 

However, it is based on a general assumption that people in the desert need to fetch water at distant water 
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sources frequently. It is still necessary to assess whether such constant needs to fetch water at distant 

sources existed around the study area. 

MARANA WATER-FETCHING TRAIL 

This section specifically assesses the feasibility of a water-fetching trail in the Tortolita piedmont. 

While, as described in Chapter Five, two settlement clusters existed in the piedmont during the early 

Classic Period, one in the upper piedmont and the other along the piedmont edge, the latter settlements 

were located in a water-deficient place. Thus, if the archaeological scatter were a prehistoric trail, water

fetching parties should have originated in the habitation sites along the lower piedmont edge. 

The purpose of this section is to clarify several aspects of the proposition of the water-fetching 

trail. The first is the availability of water around the Marana Mound Site; second, known water sources 

in the piedmont are described; third, relevant ethnographic information on Papago water fetching is 

reviewed; and, finally, an assessment is presented about the water economy of a water-fetching trip during 

the hottest period of the year, i.e., a "balance shoot" between the quantity of fetched water and the quantity 

of water that a person would lose through sweating. 

The Availability of Water around the Marana Mound 

The major source of popUlation using the trail for water fetching would have been around the 

Marana Mound settlement. The Marana Mound site, one of the largest sites of the Classic Hohokam in 

the Tucson Basin, is located at the lower edge of the Tortolita piedmont. Major features at the site include 

a platform mound, about 25 compound settlement groups, and numerous adobe houses and pithouses (P. 

Fish et al. 1990). There is little evidence of occupation other than during the Tanque Verde Phase of the 

early Classic Period [AD 1150-1300] (P. Fish, Personal communication, 1991). 

As described in Chapter Five, at around the beginning of the Classic Period, the Marana Mound 

site and other large habitation sites appeared along the lower edge of the Tortolita piedmont for the first 

time (see Figure 3). This location was not inhibited during the pre-Classic periods probably because of 
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the lack of surface water. While this location is advantageous for ak-chin fanning in alluvial fans (cf. 

Nabhan 1986), those sites in the Classic Period are far more substantial than simple summer field 

settlements dedicated only to ak-chin fanning. Solid and permanent structures, such as adobe compounds 

and houses, and formalized trash accumulations indicate that the occupation at the Marana Mound site was 

year-round or close to it (P. Fish, personal communication, 1991). Since there is no evidence of drastic 

environmental change at the beginning of the Classic Period, the lack of water posed the same major 

constraint on human occupation at that location as it did in pre-Classic times. 

S. Fish et al. (1989, 1990) suggest that canals may have provided water for the site (see Chapter 

Five, Figure 3). They propose that prehistoric canals, originating at the Tucson Mountains, may have 

overlapped historic ones existing there. This is certainly a possibility, but it needs further confirmation. 

Although the water source at the Tucson Mountains appears to be semi-permanent (Bryan 1925; Bemard

Shaw 1988), the availability of water in the canals during drier months is in question, especially at the end 

of the six mile-long canals. Since the large settlements at the head of the canals were still occupied in the 

early Classic period, the residents at the settlements had control over the flow of the canals. While it is 

likely that some form of intervillage water-sharing agreements may have existed (S. Fish et at. 1989:248), 

during drier months extra water may not have been available to residents further along the canals. 

Another means to ensure a water supply at the Marana Mound site was reservoirs. S. Fish et al. 

(1990) report historic accounts indicating the presence of a reservoir in Marana. Unfortunately, the 

presumed location of this reservoir has been heavily disturbed by modem agricultural activities and the 

confirmation of its presence is not possible. A modem cattle tank behind the platform mound at the site 

may have overlapped with prehistoric reservoirs. Reservoirs are a quite likely means to ensure a water 

supply, if we may judge from Papago ethnography. Papago villages distant from permanent water sources 

often had reservoirs (Castetter and Bell 1942:42). However, reservoirs do not appear to ensure water year

round. Numerous accounts suggest that even the longest-lasting Papago reservoirs dried up a few months 

after summer rains (see below). People at a village with a reservoir either had to move out or fetch water 
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from somewhere else to survive (Underhill 1936:6; Castetter and Bell 1942:42). 

Therefore, even under the most favorable conditions--i.e., both reservoirs and canals existed to 

provide drinking water for Marana Mound residents and other settlements nearby--water may have had to 

be obtained from somewhere else during a certain period of the year to survive at the site year-round. 

Water Sources 

When reservoirs and most certainly canals dried up, remaining water sources were to be found 

in the mountains, as in other areas of the Basin and Range province. Mountains and their foothill areas 

usually provide springs and tina;as (rock tanks). For the Marana Mound, the nearest mountains are the 

Tortolita and the Tucson Mountains. In the upper piedmont, shallow bedrock causes higher water tables 

in general and occasional springs. The author ground-checked two springs and one rock tank (modified 

into a cattle tank) locations in the area. The springs appears to be perennial and the rock tank still held 

water in the late fall. A few other springs have been recorded by the Northern Tucson Basin Survey in 

the upper piedmont. The survey did not cover the mountains, but many springs are plotted on topographic 

maps in the mountains as well (Figure 6). In addition, water could be obtained by digging a mere 2-3 feet 

into the sandy stream bed of the Cottonwood Wash in this area during the mid-June dry season of 1989 

(P. Fish, personal communication, 1989). In addition, even when the canals dried up, water could have 

been fetched at the northern end of the Tucson Mountains, which is 6 miles from the Marana Mound. 

Known springs and tanks are about five miles from the Marana Mound. The archaeological scatter 

lies between the site and the water sources (Figure 6). A distance of five miles can be covered in less than 

two hours on foot, and thus, a round trip would take three to four hours. This distance seems very far for 

getting water by modern standards. However, five miles is not a prohibitive distance for ethnographic 

Papagos who routinely traveled a few miles to fetch water. 

Papa go Water Fetching 

The study area is located at the northeastern corner of the Papagueria and shares general 
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physiographical characteristics of the Basin and Range province. Historical continuity and direct analogies 

between prehistoric Hohokam in the Marana community and the modem (ethnographic) Papago is not 

claimed here. The Hohokam in the early Classic Period had unique features that were not shared with the 

Papago, such as platform mounds and adobe compounds. Thus, one must be very cautious in drawing any 

analogies about Hohokam social organizations from the Papago (see Fish and Fish 1990:152-153 for a 

similar argument). However, Papago water-fetching activities should be more analogous to those of the 

Hohokam. Of course, there are differences in water requirements between the Papago and the Hohokam. 

Some Papago already had domesticated animals when early Papago ethnographies were recorded. Animals 

drastically increase water requirements for the household. The use of these animals enabled the Papago 

to fetch water at distant sources. These factors must be taken into account when records of Papago water 

fetching are used as analogies. Nonetheless, Papago and Hohokam water fetching would share many 

features in common. Both groups shared basically the same environment. Water was and is a basic 

necessity for any living organism. Papago technology before the introduction of wells dug by Anglos was 

analogous to that of the Hohokam. Therefore, it is useful to examine Papago water-fetching activities to 

evaluate that activity by the Hohokam. 

The Papago's transient way of life following water and food resources is well documented 

(Castetter and Underhill 1935:4-5; Cas tetter and Bell 1942:40; Bolton 1930:260-261). StilI, water fetching 

seems to have been necessary almost year-round except during the heavy rainy season in summer. At 

summer field settlements, water sources were located near the settlements. 

Families usually did not move down to the Fields until the heavy rains had begun, so as to be 
certain that drinking water would be found in the depressions which had been dug near each 
farming village (Castetter and Bell 1942:42). 

Such easy seasonal access to water freed the women for food gathering, essentially a summer 
occupation (Castetter and Bell 1942:43). 

However, such water pools lasted from several days to several months and "on the whole remained 

available until October or November" (Castetter and Bell 1942:43). When the pools of the summer villages 
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ran out of water before the fall harvest, women had to fetch water from the mountains: "Nobody wanted 

to move to the mountain villages before his crops were harvested" (Bahr 1983:178). 

Winter settlements were located as near as possible to permanent water sources, such as springs 

and tinajas. "Even so, permanent springs were widely scattered, and the women spent more time fetching 

water than gathering food" (Castetter and Bell 1942:41-42). They were also willing to travel a long 

distance to get water. There are many accounts that describe Papago going to places miles away from their 

home. For example: 

If we wanted to stay in our houses, the girls had to run for water far, far up the hills and across 
the flat land to a place called Where the Water Whirls Around (Underhill 1936:6). 

They go to a place which is miles away ... The place they go to is a cave in the rocks, and, at 
this time of year [winter], there is only a little drip of water. They hold their clay bottles under 
it and fill two apiece (Underhill 1951:22). 

But even this [i.e. winter settlements near water sources] sometimes involved a daily trip of three 
or four miles, occasionally as much as ten, to fetch water, chiefly by the women (Castetter and 
Bell 1942:42). 

the women, who do all the labor, have to bring it [water] in ollas ... a long way, bearing it on 
their heads (Michler 1856:123). 

These records of water fetching by the Papago suggest that it is not unreasonable to believe that 

residents of the Marana Mound area walked into the Tortolitas a few miles if it was the only way to obtain 

water for drinking. 

Economy of Water Fetching 

The assessments made above, thus far, suggest that there seems to be a reasonable chance that 

inhabitants around the Marana Mound may have had to obtain drinking water from water sources located 

at a distance during at least part of the year. However, the human body requires extra water for walking 

a few miles with a burden. If a person has to drink as much as he or she can carry, such water-fetching 

trips are not feasible. This section examines the net gain of water for inhabitants in Zone 1 obtained from 

distant sources in the Tortolita piedmont and Mountains. 
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Water requirements of the human body are determined by several factors, including air 

temperature, the nature of the activity, clothing, and exposure to the sun. A substantial amount of water 

in the body can be lost by sweating and the lost water must be resupplied by drinking in order to sustain 

metabolism. As easily imagined, such water loss by sweating is at a maximum when air temperature is 

high and the intensity of activity is high, i.e., hard physical work during the summer. While water might 

have to be fetched during not only the summer but also the winter, the crucial period for the question of 

water economy is desert summer when the temperature is extremely high (and before the onset of summer 

rains). Thus, the following estimate is made for water-fetching trips during the hottest period just before 

summer rains. 

A series of experiments using military personnel was conducted to investigate various factors of 

water requirements for the human body in California deserts in 1941 and 1942 (Adolph et at. 1947). The 

following assessments are based on data derived from these experiments. Contrary to common belief, the 

experiments found that the human body cannot be trained to consume less water (Brown 1947a:122). 

Therefore, the results of the experiments have relevance to water economy among the Hohokam. 

A composite picture of Hohokam water-fetching trips based on Papago ethnography is first 

described. Then, water requirements associated with such trips is estimated using data derived from the 

military experiments. 

A Composite Picture of Hohokam Water Fetching 

The distance to the closest water sources from habitation sites in Zone 1 is about 5 or 6 miles one 

way. Assuming a person can walk around 3 miles per hour, a round trip would take 4 hours. Filling a 

pot or pots with water at a water source of low flow rate also requires a certain amount of time. For 

example, 

In places, water was secured from a very small spring where an olla had to remain under the drip 
for as long as half an hour ... (Castetter and Bell 1942:42). 

Of course, the time that is required to fill a pot also depends on the size of the pot. I have found only one 
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account indicating the size of pots for water fetching. 

One Papago informant said that as a boy he had to make a daily trip of fifteen miles on horseback 
to secure water, carrying two ollas, each holding about three gallons. (Castetter and Bell 
1942:42). 

Since this trip was made on horseback, it cannot be applied directly to the Hohokam case. The load 

carrying 6 gallons of water in two pots is about 25 kg (23 kg of water and 2 kg of pots), which does not 

appear to be prohibitively heavy if a carrying basket, like a Papago giho, is used. If a family can send 

more than one person to fetch water, the load on each person would become smaller. An account by R. 

Underhill (1936:6) describes two girls sent to fetch water with each girl carrying two pots in her carrying 

basket. If the body of a vessel is assumed to be a perfect sphere, a pot containing 3 gallons has a radius 

of about 14 cm. For a 2 gallon vessel, the size would be 12 cm and the carrying load would be 17 kg. 

Two such pots could easily fit in a giho. Although there are other accounts reporting that Papago women 

carried water pots on their head (Michler 1856: 123; Laut 1913:27-28; both cited in Fontana et al. 1962:7, 

13; Hackenberg 1983, Figure 4), this mode of vessel transport is probably not suited for a trip of an 

extended distance. 

Since air temperature is crucial, the time during which a water-fetching trip was made should be 

estimated. While, of course, no quantitative data are available on this matter, it is likely that such trips 

were made during early morning. One account of a Papago family by Underhill (1936:5-6) cited above, 

for example, states that: 

... we would wake in the dark to hear my father speaking ... Then we got up. It was the time 
we call moming-stands-up, when it is dark but there are white lines in the east ... We crawled out 
the little door ... when we came out we could see the houses of my relatives nearby among the 
cactus, and the girls coming out of them. too. to get water. [emphasis added] 

Because the sunrise in June and July is around 5 A.M., the time when "it is dark, but there are white lines 

in the east" would be 4 A.M. or so, the coolest time of the day. The closest weather station to the Zone 

1 sites is Cortaro, 3 SW. The average daily minimum temperature at the Cortaro station in July (the 

hottest month) is 73.1 degrees F and the maximum 102.7 degrees F (Sellers et al. 1983, Tables 3 and 4). 
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If a water-fetching party leaves home at about 4 A.M., they would come back around 9 A.M. After the 

sun rises, air temperature gets up quickly and reaches the maximum at about 2 P.M. A linear interpolation 

(73.1 to 102.7 in 9 hours, between 5 am and 2 pm) gives an estimated temperature at 9 A.M. of about 86 

degrees F. 

To summarize the variables estimated, a water-fetching trip from Zone 1 sites to a water source 

would take 5 hours (4 hours walking and one hour water-filling and other activities, such as resting). The 

carrying load on a return trip may vary depending on vessel size, but, in any case, 20 to 25 kg would not 

be unrealistic. The temperature during the trip in the hottest period of the year ranges between around 70 

and 90 degrees F. The net gain of such a water-fetching trip is estimated in the next section using these 

values. 

The Net Gain of a Water-Fetching Trip 

The difference in water loss between different activities under varying temperatures is attributed 

to the difference in sweating (the loss by urination is more or less constant) (Brown 1947a:117-118). 

According to the military experiments, sweating rate per hour for a 70 kg man walking in the sun at 70 

degrees F would be 240 g. The rate quickly increases to 450 g per hour at 80 degrees F, 650 g per hour 

at 90 degrees F, and 860 g per hour at 100 degrees F. The rates for the same man sitting in shade are 30 

g, 50 g, 180 g, and 300 g per hour at the same temperature gradients (all values extrapolated from Brown 

1947a, Figure 8-1). Therefore, the rates for doing light duties, such as filling water in a pot, probably fall 

between these figures. The burden that a person carries also affects the rate of sweating. When the load 

is less than 10 kg, the rate change is about 5 g per hour per kg of the burden; with more than 20 kg of 

load, the increment becomes about 7 g (Gosselin 1947:58-59). Body weight also proved to be a factor for 

the rate of sweating. A 50 kg person, for example, would sweat 25 % less than a 70 kg person (Gosselin 

1947:45-49). Although it is likely that the members of a Hohokam water-fetching party weighed less than 

70 kg, the figures for 70 kg persons are used in the following estimates in order not to underestimate water 
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loss. For the same reason, other estimated figures, such as air temperature, are assigned slightly higher 

figures than likely numbers for buffering underestimation. 

A summary of the composite water-fetching trip with estimated figures would be that a person 

walks for two hours at 80 degrees F on the way up to a water source, stays there for an hour at the same 

temperature, and walks back for another two hours with the load of 6 gallons (25 kg) at a 90 degree 

temperature. Therefore, water loss by sweating on the trip to the water source would be 900 g. Water 

loss during the hour other than walking would add another 250 g (the simple mean of the rates for walking 

in the sun and sitting in the shade at each temperature). Then, the return trip would consume 1300 g for 

walking and an additional 350 g in carrying a 25 kg load. Altogether, 2800 g of water (or 0.74 gallons) 

would be lost during the trip. 

While the apparent net gain is 5.16 gallons for this trip, the actual gain is higher than this figure. 

Even if a person does not go to fetch water, he or she still loses some water. Assuming the person sitting 

quietly in the shade for 5 hours under the same temperature conditions, which is unlikely, he or she would 

still lose 510 g of water by sweating. Moreover, because the human body can sustain temporary water 

deficiency for a certain period (Brown 1947b), water lost during the trip to a water source can be 

resupplied when a person reaches the source. Furthermore, the human body can retain extra water for a 

certain period of time, since discharging excessive intake by urination usually takes 2 or 3 hours. 

Therefore, a person can "fill his stomach with an amount of water which will last for that period. In such 

a case man is really using his stomach instead of a canteen" (Adolph and Rahn 1947: 12). In this way, by 

drinking water from the water source before leaving for the return trip, a person can eliminate the 

consumption of fetched water needed to compensate for the loss incurred by the return trip. These 

assessments indicate that while a certain amount of extra water would have to be spent for a water-fetching 

trip, most of the lost water can be taken up at the water source. Therefore, the amount of water that has 

to be consumed from fetched water is negligible. 
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Summary 

The availability of water at the Marana Mound and its vicinity is not secure. Water is naturally 

available only during a very limited period in summer. Even with artificial facilities, such as reservoirs 

and canals, it is unlikely that water was available throughout the year. Thus, if the occupation was year

round, water had to be fetched at least occasionally to survive at the sites. Like the Papago, the Marana 

Hohokam may have had to spend a great deal of time fetching water except for a few months after summer 

rains. 

The closest reliable water sources are located in the upper piedmont of the Tortolita Mountains, 

about five miles away (and at the tip of the Tucson Mountains, six miles away). The distance is far for 

foot travel, but it does not appear to be prohibitive and is well within the range of ethnographically 

recorded Papago water fetching. Water loss by walking a few miles appears to be small and most of the 

amount can be resupplied at a water source. 

These findings as well as the location of the archaeological scatter are consistent with the 

proposition that the scatter is a remnant of a prehistoric trail. Of course, they do not confirm that the 

scatter was associated with a trail. However, the prior probability of the water-fetching trail proposition 

appears to be high enough to warrant further investigation of this subject. This proposition does not 

necessarily suggest that water fetching was the primary use of the trail. If the trail existed, it is most likely 

to have been a general-purpose trail that supported inter-settlement communication. But, what this 

proposition does suggest is that water fetching was the trail's most archaeologically "visible" activity. 

In order to test the proposition that the study scatter is a trail used by the Hohokam in the early 

Classic period, the proposition has to be broken down into specific components so that lines of evidence 

needed to test it can be spelled out. The next chapter describes these lines of evidence and procedures of 

data collection. 
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CHAPTER SEVEN 

THE WATER-FETCHING TRAIL AND DATA COLLECTION 

Chapter Six has established two things. First, a prehistoric trail in the study area is a viable 

hypothesis. Second, a trail can be traced by discarded artifacts, primarily broken ceramic pots, rather than 

linear traces on the ground, if the trail was used frequently for activities that regularly involve ceramics, 

such as water fetching. However, the background analysis above cannot demonstrate that the scatter was 

the product of a trail. All it shows is that there is a reasonable chance that a trail for water fetching in this 

area existed. In other words, the prior probability of finding a trail there is high enough to spend effort 

testing the idea. 

The purpose of this chapter is two-fold. First, the proposition that "the scatter was a prehistoric 

trail" is not itself a testable hypothesis, for it lacks any statements that relate archaeological observations 

to systemic activities. In order to examine this idea with actual data recovered from the sites, specific 

components and variables contained in the idea must be specified. Expected evidence and its implications 

must be spelled out. Thus, the first purpose of this chapter is to break down the proposition into specific 

hypotheses and set the stage for the actual analysis presented in the next chapter. Data were collected from 

the study area in order to provide an adequate test for these hypotheses. Secondly, the specific methods 

employed for data collection are described. 

BREAKING DOWN THE WATER-FETCHING PROPOSITION 

The problem is to infer past human activities that generated the elongated scatter. Three kinds 

of evidence are used to approach this problem: physiography, material correlates, and formation processes. 

Since surface artifact scatters in the desert Southwest are usually interpreted as resource exploitation loci 

(e.g., Goodyear 1975; Raab 1973, 1974, 1976; Doelle 1976; Sullivan 1983), such alternatives are also 

considered. 
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Physiograohy 

Physiography is indirect evidence, meaning that it is not archaeological evidence per se, but 

circumstantially implies the nature of human activities. While such evidence alone is weak in supporting 

or rejecting a hypothesis, if it is consistent with other direct evidence, the plausibility of a proposition 

becomes higher. 

The physiography component includes topography, the nature of the substrate, and vegetation. 

Small washes in this area generally are not navigable by walking humans. Smaller but densely 

concentrated riparian thorny vegetation in these washes makes passage unpleasant and often impossible. 

On the other hand, while larger washes sometimes have areas without dense vegetation at the bottom, the 

sandy bottoms are very laborious to walk through. Only a few major washes could be used for foot trails 

because portions of the major washes are accompanied by river terrace areas. However, such major 

washes are not present in the study area, although two major washes, the Cottonwood and Derrio Washes, 

are located adjacent to the study area. In sum, washes in the study area are not adequate for use as trails 

and ridge tops are the only areas where trails can be reasonably placed. 

The Tortolita piedmont was formed by Pleistocene alluviation mantled by a thin sheet of Holocene 

alluvium (Katzer and Schuster n.d.; also see Chapter Five). In the middle portion of the piedmont, the 

paleo-alluvial fan has been incised by Holocene age erosion, leaving parallel ridges dissected by washes. 

The depth of the incision often exceeds 1 meter, and is sometimes as much as 5 meters. Ridge top areas 

support only sparse vegetation of the bursage-saguaro-mixed cacti group. Although the present state of 

vegetation is undoubtedly affected by overgrazing to some extent, it is likely that grasses and other annual 

plants are more affected than cacti and trees. Trees that were sporadically distributed over the ridge top 

area including paloverde, ironwood, and, in the area close to washes, mesquite, pose no obstacle to human 

passage on ridge tops. The substrate of the ridge top consists principally of sandy gravel with occasional 

spots of larger gravel. The only potential hindrance to foot traffic in this area is the "teddy bear" 

(jumping) cholla (some believe that the density of this plant is a result of cattle grazing [Po Fish, personal 
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communication, 1991]). However, the distribution of the plant is so sparse that one can easily detour 

around such spots. Otherwise, flat and reasonably wide (average ca. 50 meters) ridge tops provide an 

excellent area for human traffic. 

If the scatter is part of a prehistoric trail, the shape should be reasonably linear (see below). 

Moreover, if the distribution of artifacts in the site area turns out to be linear, such a "trail" should not 

cross minor washes many times. Rather, the location of a trail should follow a "least effort" route -- i.e., 

staying on ridge tops as much as possible. Thus, if the scatters do not generally follow one of the least 

effort routes, it should be judged that the apparent linear form is a result of topographic features (most 

ridges in this area are more or less linear) and that activities other than trail use were more likely 

responsible for the formation of the scatters. 

Regardless of the outcome, however, this line of evidence is not decisive in confirming the 

proposition. Rather, it can only act as a spoiler. That is, while the negative result -- not staying on ridge 

tops -- can spoil the entire proposition, the positive result is not strong enough to prove that the scatters 

were indeed the result of trail activities in the area. 

Material Correlates 

This section describes three lines of material evidence that are useful for examining the water

fetching trail proposition: the shape of the distribution, features, and artifact assemblages. 

Shape of the Artifact Distribution 

If the sites are prehistoric trail remnants, the shape of the overall artifact distribution should be 

linear. On the other hand, if artifacts were deposited as the result of resource exploitation activities, the 

distribution of artifacts should be scattered in a forage range or could be clustered around a central node 

and radiating out from it. While transitory plant resource collection is possible as the collector walks in 

the desert, it is unlikely that such activities would localize only along a linear path like a trail. Rather, 

such activities should be dispersed to maximize the return (see Chapter Six). 
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Although the scatters appeared to be linear and confined on one ridge at any given point by a 

preliminary field reconnaissance, it must be confirmed by systematic field checking. Especially, it is 

important to inspect the extent of scatters on ridges adjacent to the ridges where primary concentmtions 

were observed. For a trail, adjacent ridges should be totally outside of the activity area. On the other 

hand, it is more likely that resource exploitation activity, even if centered on a ridge, mdiated into adjacent 

ridges. 

This line of evidence is another spoiler like the physiographic evidence. As stated above, the 

study area consists of pamllel narrow ridges dissected by minor washes. Therefore, each site tends to be 

recorded according to the topogmphic features, and therefore, the shape of each site, again, tends to be 

elongated. Thus, if a few overlapping activity areas for resource exploitation are located on a ridge, the 

shape of scatters deposited by such activities may be indistinguishable from that of a trail. 

Not many features are associated with tmils except for the trails themselves. Long distance, well

maintained tmils, such as "Chaco roads" and "Inka Highways," may be accompanied by more roadside 

features. But, such a possibility is not relevant to this study area. On the other hand, specialized activity 

loci are known to be associated with minor features, such as rock rings, rock alignments, other rock 

features (e.g., Goodyear 1975). Although the precise functions of these features are poorly known, it is 

unlikely that many of these features are associated with a tmiI. 

This line of evidence is another case of the spoiler. The absence of rock features would not 

guarantee the absence of collection activities. Moreover, it is notoriously difficult to identify certain 

features that are important for collection activities, such as a ramada, because of the nature of soil and 

natural decay. 

Artifact Assemblages 

Trailside refuse should consist of a distinct assemblage of artifacts. While many kinds of artifacts 
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could be carried along a trail, not many kinds of artifacts are likely to be deposited. A trail is not the 

activity area where artifacts are used. Therefore, few womout and broken artifacts should be deposited 

along a trail. Ceramic pots are almost the only artifacts that could possibly end their useliv.:;s on a trail 

through accidental breakage. Chipped stone artifacts and raw materials were probably carried along a trail. 

However, dropping a lithic of any form would not end its uselife. The probability of loss for such artifacts 

on sparsely vegetated gravel ridges should be extremely low (Fehon and Scholtz 1978; Hildebrand 1978). 

Debitage would not be produced unless lithic artifacts are actually used and refurbished at the location. 

Ground stone implements would not be carried around very often (see Chapter Six). Deposition of them, 

either by discard or by loss, should be even rarer. Other cultural depositional processes, such as 

abandonment and caching, cannot be responsible for the majority of artifacts along a trail. 

Thus, trailside refuse likely consists mostly of ceramics. Among ceramics, large domestic vessels, 

such as storage pots, are not likely to be carried around often because of their sheer bulk and weight. 

Other smaller vessels were probably carried and, occasionally, dropped. As noted in Chapter Six, many 

more vessels would have been carried and many more trips would have been made for water fetching than 

other activities in this area. Carrying water-filled pots would cause a higher probability of breakage than 

empty ones. Although ceramic exchange would still provide another viable process forming trailside 

refuse, it is likely, at least in this area, that the majority of trailside refuse consists of a ceramic tool kit 

for water fetching. In this sense, the water-fetching trail proposition is not a proposition that a trail was 

used exclusively for water fetching, but one that water fetching is the only archaeologically visible activity. 

If a trail located outside of deflated desert pavement areas was not used for high frequency ceramic-using 

activities, such as water fetching, it would probably be unidentifiable archaeologically. 

If trailside assemblages are dominated by the water-fetching tool kit, the assemblages should have 

a distinctive composition of vessel fomlS. As described in Chapter Three, studies of ethnographic pots 

(Braun 1980; Crown 1983; Smith 1983, 1985) indicate that certain formal characteristics of ceramic vessels 

are closely related to the vessels' intended function. 
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The characteristic of vessel form most specifically modified or adapted to distinct uses is the 
orifice. Of special interest is whether the orifice is restricted or unrestricted and whether or not 
it has a neck or collar (P. Rice 1987:241). 

Among ethnographic groups whose ceramic assemblages have been reported, most have a special form 

dedicated for water carrying (David and Hennig 1972; Deal 1983; DeBoer and Lathrap 1979; Fontana et 

a1. 1962; Rogers 1936; Russell 1908; Thompson 1958). The only exceptions are the Tarahumara (Pastron 

1974) and the Kalinga (Longacre 1981). While the Kalinga have a special form for water storage 

(immosso), they use cooking pots for hauling water. Since these cooking pots are washed every day at a 

water source, it is convenient to fill these pots and bring back water to each household. The closeness of 

water sources (several located in villages and a few other outside sources) in Kalinga villages seems also 

to contribute to the lack of specialization in water-carrying vessels. 

Jars specially dedicated to water carrying in different groups, despite a great variability in overall 

shape, share certain morphological characteristics (compare: DeBoer and Lathrap 1979, Figure 4.3; David 

and Hennig 1972, Figures 6 and 8; Fontana et a1. 1962, Figures 35; Thompson 1958, Figures 3, 4, 5, 6, 

39 and 40). The most salient characteristic of water-carrying jars is the presence of constricted and long 

necks. 

A neck is a special adaptation of a restricted orifice for containing liquids or for particular storage 
and transfer functions. A water jar, for example, has a narrow neck to prevent the water from 
spilling while being carried and to control pouring. (P. Rice 1987:241). 

Some storage jars and canteens are also necked. The orifice of necked storage jars is wider than water 

carrying jars in order to access the contents, sometimes by ladles and dippers (e.g., Fontana et a1. 1962, 

Figures 35 and 36; Thompson 1958, Figures 3,4,5, and 6 vs. Figures 7, 8,9, and 10). The difference 

in orifice size may not be readily obvious without comparing several specimens, hence they may be 

confused in middens in a habitation site. However, these storage jars are usually large, while water 

carrying jars are medium size in order not to exceed the maximum weight for convenient carrying (David 

and Hennig 1972, Figures 6 and 8, DeBoer and Lathrap 1979: 110, Figure 4.3; Thompson ibid.) 

Moreover, it is probable that such large storage vessels were not used very often outside of habitational 
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contexts. 

Vessels for other uses, such as serving and cooking, usually have forms very different from water

carrying jars. Serving bowls are the most easily identifiable form. Cooking pots have a much wider 

orifice and no necks. The feature that is especially useful in identifying forms form sherds is that cooking 

pots tend to have sharply angled short rims, presumably for handling a pot when it is hot. 

One problem area is that resource exploitation activities may not be distinguishable from water 

fetching on the basis of ceramic tool kits. The only archaeologically visible artifacts that involved resource 

collection would be ceramic pots that held water for drinking and other purposes, such as processing 

collected plants. If those pots were broken during the collection or on the way to and from collection loci, 

such remains are inseparable from pot breaks along water-fetching paths. As stated above, however, refuse 

generated by resource collection can be distinguished from that of water fetching on the basis of the spatial 

distribution of refuse: i.e., refuse associated with plat collection should not be in clear linear patterns. 

Another potential problem in vessel identification that is especially applicable to the Hohokam area 

is vessels used for saguaro syrup or wine. Saguaro wine jars are indistinguishable from water carrying 

jars among the Papago (Fontana et al. 1962:37). These jars are used to store saguaro syrup or wine. At 

the same time, it is highly probable that these jars are used to carry the liquid extracted from saguaro fruits 

from a saguaro camp back to a habitation settlement--therefore, for liquid transportation. This functional 

equivalence leads to the formal equivalence or interchangeability. Therefore, it is impossible to distinguish 

saguaro wine jars from water carrying jars on the basis of form. Saguaro fruit collection is a very 

important annual event for the Papago, for these fruits are the first major fresh products available after fall 

harvests (Castetter and Bell 1942:59; Castetter and Underhill 1935:20). There is no reason to believe that 

such a precious resource was not exploited by the Hohokam as well. 

During the saguaro season, June and July (Kearney and Peebles 1960:569; Earle 1963:54), almost 

the entire village population is dispersed into many collection locations (Castetter and Bell 1942:59). A 

household or an extended household establishes a camp engaged in fruit collection for a few weeks. Fruits 
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are eaten fresh as well as cooked to extract juice to make syrup and wine. Pulp and seeds may be eaten 

separately. Because of the population size and the length of occupation, saguaro fruit collection is the 

major activity among specialized activities outside of settlements. Thus, the activity would generate a 

substantial amount of refuse, including broken saguaro wine jars, that could cover a large area on a ridge. 

Although the collection activity would spread out as much as half a square mile from the camp, the only 

artifact used for collecting is water-tight baskets (Castetter and Underhill 1935:20); the proximity of the 

camp eliminates the need to carry drinking water while collecting fruits. In contrast, ceramics are heavily 

used at the camp: they are used for soaking the pulp, cooking the pulp with water after seeds are separated, 

and storing separated seeds and a large quantity of cooked syrup (Castetter and Bell 1937: 14). Because 

each household returns to the same location every year, saguaro camp is a strong alternative to the trail 

hypothesis that might be responsible for forming scatters apparently linear due to topographic constraints. 

Moreover, such refuse probably included necked jars. 

However, since saguaro fruit collection is basically a small-scale habitational occupation, an 

assemblage from that activity should be distinguishable, even with necked jars, from trailside refuse. For 

domestic activities, serving bowls and cooking jars should also be present. Ground stone is indispensable 

for grinding saguaro seeds. As a matter of fact, Goodyear (1975:84-90) suggests that ground stone 

associated with ceramics is a diagnostic feature of a saguaro camp. He (Goodyear 1975: 103) also states 

that "perhaps the most striking aspect of the saguaro camp remains is the amazing quantities of lithics 

associated with sherds." A report by Bruder (1975) on a historic Papago saguaro camp supports 

Goodyear's archaeological observation. Therefore, while saguaro camps would generate superficially a 

similar refuse distribution to that of trail use, a closer look would reveal clear differences in artifact 

assemblages between saguaro camps and trails. 

In summary, if the scatters were formed as the result of trail use, the artifact assemblage should: 

(1) include few chipped stone tools and debitage, 

(2) include few ground stone artifacts, 
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(3) consist of mostly ceramics, and 

(4) the predominant ceramic form would be medium-sized jars with long, constricted necks. 

This line of evidence, compared to the previous ones, seems to provide stronger clues to site function. 

Since specialized activities outside of settlements are poorly known, however, it is still possible that some 

unknown set of activities may generate artifact assemblages similar to trail activity. 

Formation Processes 

Formation processes could provide decisive evidence for the trail problem. The rationale for this 

argument has been extensively discussed in Chapter Four and, therefore, will not be repeated here. In 

Chapter Six, it has been argued that if the recorded scatters were formed by trail activities, the trail was 

probably used for water fetching. Other trail uses cannot account for the amount of sherds forming more

or-less continuous scatters because not many ceramic pots were likely to be carried around. The key 

evidence for this proposition is the degree of maintenance activities. Although the narrow stretch for foot 

traffic is kept clear of large debris, all ethnographic records that have information on trails indicate that 

the trailside most likely is left unmaintained (see Chapter Four). Thus, barring later disturbances, a trail 

would have a distinct pattern of refuse along it: a narrow linear area free of refuse accompanied by areas 

of simple primary refuse along the path. The state of the refuse can be envisioned as a series of pot breaks 

although large sherds that could be reused for other purposes, such as seedling covers and pot lids, may 

have been curated upon breakage. 

If the scatters were formed as a result of other resource-collecting activities, such as saguaro 

camps, several activity areas for camping and processing should have been maintained to some extent. 

While a minor portion of the refuse could be left unmanaged, such as breakage occurring outside of 

intensively used areas, the majority of refuse generated should have been managed. The maintenance 

activities in a saguaro camp may be analogous to Alyawara residential camps because both involve a similar 

range of activities and a similar planning depth. If this is the case, maintenance activities would include 
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sweeping and raking the activity area, size-sorting, and small-scale dumping. Archaeologically, these 

maintenance activities would be reflected in a cleared area and in clustered refuse deposits around activity 

areas. 

The degree of maintenance intensity can be measured by the mixture of sherds relative to the 

original vessels. Within an area of undisturbed primary refuse, sherds belonging to a single vessel should 

form a cluster. While this does not preclude vessel clusters from overlapping each other, depending on 

the locations of breakage, the number of vessels represented in any given area should be small. The effect 

of post-depositional (but not post-occupational) disturbances is likely to be minimal because trail activity 

is highly redundant and well confmed to a small area. On the other hand, refuse generated by a "stationary 

activity" should exhibit a certain degree of vessel mixture. Dumping refuse in the same area as predicted 

by the trash magnet effect (Wilk and Schiffer 1979) increases the mixture of many vessels. Provisional 

discard (which could include saving large pieces for other uses during the stay) may encourage the 

dissociation of sherds from the same vessel. Subsequent activities act to homogenize spatial clusters that 

might have originally existed (cf. O'Connell 1987). Thus, under such conditions, the number of vessels 

in any given area should be higher than in unmaintained areas. Moreover, sherds from a vessel are 

spatially dissociated. 

The above discussion suggests that the extent of an activity area can also be evidence for different 

activities. A narrow linear area is associated with a trail, while a clustered area with other stationary 

activities. Sherd size distribution provides a measure for the extent of an activity area. Post-depositional 

trampling causes sherd break-down, hence resulting in localized small sherds where the level of subsequent 

human activities is high (cf. Archer 1990; Nielsen 1991). Moreover, if such an activity area is likely to 

be maintained, the area would be relatively artifact-free. On a trail, for example, larger sherds may be 

kicked aside (Wilk and Schiffer 1979). An expected pattern of sherd size distribution around a trail is a 

linear cleared area where only small sherds are present and more concentrated sherds (including large 

pieces) are distributed along the linear area. One serious limitation of this measure is post-occupational 
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disturbances. Fluvial processes may cause some size-sorting between up-slope and down-slope areas. 

Even with a slight slope, this natural size-sorting may have significant effects over the long run. 

Furthermore, modem use of the ridge tops, such as by hunters, ranchers, hikers, and, most importantly, 

cattle, may obscure the effects of prehistoric trampling. 

Summary 

There are three lines of "spoiler" evidence: physiography, the shape of artifact distributions, and 

the presence or absence of features. Without confirming results for these lines of evidence, the trail 

proposition cannot be substantiated. However, even confirmatory evidence in these areas does not 

necessarily demonstrate that the trail proposition is adequate. On the other hand, the remaining lines of 

evidence, artifact assemblages and formation processes, appear to be more positive. This is because 

alternatives that would result in similar refuse as trail activity are limited. Therefore, if the majority of 

the scatters consist of sherds from necked jars and they are unmaintained, the trail proposition would be 

supported. 

DATA COLLECTION PROCEDURES 

The study area is located in the middle portion of the eastern piedmont of the Tortolita Mountains 

bounded by the Cottonwood Wash in the east and the Derrio Wash in the west. An artifact scatter in this 

area, originally recorded as five separated sites by the NTBS, is the focus of the current investigation 

(Figure 5). 

Preliminary reconnaissance was begun in November 1988, followed by intensive data collection 

between February 1989 and June 1989, under the direction of the author, to obtain relevant data for 

examining the five lines of evidence for determining human activities responsible for forming the scatter. 

They are physiography, the shape of distribution, features, the artifact assemblage, and formation 

processes. Physiography was checked for least effort routes by using aerial photograph with contour lines. 

This procedure was suitable for the purpose because many different routes can be checked with a minimum 
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of time. Several routes were ground checked by actually walking in the area. During the reconnaissance 

period, field crews were alert to assess the extent of artifact distribution and the presence of minor features. 

However, a more systematic procedure was needed. 

For this purpose, an arbitrary datum was placed at the northeastern end of the study area and, 

based on the datum, a grid system was overlaid. On the basis of that system, 10 m wide transects were 

placed at 100 meter intervals. Each transect was oriented to the magnetic north-south axis, which is 

roughly perpendicular to the orientation of the ridges. Transect lengths are variable, from 190 to 270 

meters (Figure 5). They were designed to cross the scatters as well as to cover at least one adjacent ridge. 

This was intended to confirm (or disconfirm) the result of the reconnaissance which found that little 

material was distributed beyond the washes that bound the ridge with the scatters. A total of 11 transects 

was set up in this manner. Transects were numbered consecutively 1 to 11, with the eastern-most transect 

being No.1. 

In order to examine the content of the scatters, it was decided to collect all cultural materials 

within the transects. Modem artifacts, such as empty shells and bullets, were excluded. During collection, 

each artifact was point-provenienced to acquire information on formation processes. This provenience 

information is used not only to determine the degree of vessel mixture but also to infer the effects of 

natural formation processes, such as displacement of artifacts by water action. The resolution of 

provenience was up to 5 cm. Since each artifact covers an area rather than a point because of its size, 

finer resolution was deemed to be of little significance. 

Actual recording and collecting were done by using 10 m by 10 m squares as a unit within a 

transect. In order to ensure that all artifacts in the area were recorded, two or three crew members swept 

the 10 x 10 m square at least a few times. Each artifact was marked by a small flag as it was recognized. 

No size limitation for recording and collecting was used. That is, any artifact visible on the surface was 

recorded and collected regardless of its size. However, no effort was spent in identifying microscopic 

artifacts. After several sweeps, each marked artifact was recorded for its provenience by north and east 
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coordinates, was given a unique artifact number, and was bagged separately. An artifact number includes 

a transect number, a 10 x 10 m grid number, and a consecutive number of artifacts in the respective 10 

x 10 m grid. In the event that two or more artifacts overlapped, they were bagged together under the same 

artifact number. The same procedure was repeated until a transect exhausted 10x1O units, and, eventually, 

until all eleven transects were recorded. Altogether 25,300 square meters were covered by these transects. 

After the completion of data collection, each artifact was washed and labeled with its identification 

number. This procedure enabled the mixing and matching of sherds freely without loss of provenience 

information. 
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CHAPTER EIGHT 

DATA ANALYSES FOR THE TRAIL PROPOSITION 

This chapter presents data analyses to evaluate the trail proposition. The spatial distribution of 

artifacts in the study transects is examined first. Second, whether artifact distribution conforms to a least 

effort route is evaluated. Then, the distribution of features in the study area is described in relation to the 

results of the two previous lines of evidence. The analysis has found that these lines of "spoiler" evidence 

do not disconfirm the trail proposition. 

The lines of stronger evidence are, then, presented. First, three aspects of artifact assemblage 

characteristics are discussed and compared with other sites in the Tortolita Piedmont. These aspects 

include (1) gross artifact composition in terms of ceramics, chipped stone, and ground stone, (2) bowl-jar 

ratio, and (3) variability in vessel forms. The transects generally contained a very small number of lithics 

and almost exclusively ceramic jars, and most jars seem to have a consistent long-necked form. The 

eastern end of the study area yielded a different configuration of these characteristics from the remaining 

area. It appears that different sets of human activities were responsible for generating refuse in the eastern 

end compared to the remaining areas, presenting an interesting comparative case. Comparisons between 

artifacts in the transects and those in other sites in the piedmont exhibit clear contrasts in several aspects 

of artifact assemblages, suggesting the peculiar nature of artifacts in the study area. 

As to refuse structure, no deposits that appear to be secondary refuse were recognized. Moreover, 

in most transects examined, these areas were apparently unmaintained; one sherd concentration located at 

the eastern end of the study area appears to have been disturbed by subsequent human activities. This 

result is again different in the eastern area, consistent with the findings of artifact assemblages. Although 

the lack of comparative data hampers a clearcut evaluation, refuse structure in the study transects seems 

to conform to expectations for trailside refuse. Lastly, the effects of post-depositional trampling are 
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discussed. While the effects of post-occupational disturbances cannot be ruled out, it is possible to estimate 

the approximate location of actual paths from the distribution of sherds and their sizes in some transects. 

THE DISTRIBUTION OF ARTIFACTS AND FEATURES 

This section examines the distribution of artifacts and features in the study area. As developed 

in the previous chapter, if the majority of artifacts were deposited by the use of the area as a trail, artifacts 

should be confined to a limited area. On the other hand, if other activities are responsible for depositing 

the artifacts, the distribution does not have to be confined to a small area. It has been found that the 

distributions of artifacts and features closely correspond in the study transects: features were observed in 

areas where there was an artifact diffused, while there were virtually no features present in areas where 

artifact distribution was confined to one ridge. 

Figure 7 shows the distribution of artifacts in all eleven transects. Shaded areas denote wash 

bottoms and associated slopes and, therefore, unshaded areas indicate ridge tops. Each dot in transects 

represents an artifact. Generally, the majority of artifacts are confined to one ridge in any transect. This 

particular ridge is continuous throughout the study area and, eventually, reaches the Derrio Wash. The 

major artifact scatter follows this continuous ridge in the entire area except around Transect 8 (see below). 

Once a transect crosses a bounding wash, only a few artifacts are present beyond that point. While the 

total area covered by the study transects is 25,300 square meters, the transect areas on the continuous ridge 

are approximately 9,700 square meters, or 38.3%. Among the total of 6636 artifacts recovered in the 11 

transects, 6,073 (91.5%) were from the ridge. These findings support the initial observation that most 

artifacts were distributed only on the particular ridge in this area. 

Transects 1 and 2 (and, to a lesser degree, Transect 3) are obvious exceptions to this rule. The 

eastern end of the study area is fairly flat. Although severnl washes originate in this area, all are not 

entrenched and definite ridges are not developed. Artifacts in this area are spread throughout the entire 

transects. (Figures 8 and 9). Just east of Transect 3, ridges become more distinct, demarcated by deeper 
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washes. Transect 3, thus, represents a transitional case. Artifacts on the ridge that contains most artifacts 

in the west of this transect form fairly tight clusters. At the same time, areas south of the wash that bounds 

the ridge bear some artifact scatters (Figure 10). Features were also recorded in these three transects. One 

rock pile is present in Transect 1; two rock piles and a series of check dams in Transect 2; another rock 

pile in Transect 3. Outside of these transects, but in the same geneml area, more of these minor features 

were observed. At the very least, a few rock rings, probably a dozen more rock piles, check dams, and 

a possible rock-lined structure are also present. 

West of Transect 3, artifacts were mrely observed outside of one ridge where dense concentmtions 

are located, and virtually no features were observed. Moreover, even on the ridge, artifacts tend to be 

clustered in limited areas and are not distributed over the entire ridge top (Figure 7, see also Figures 11 

to 18 for individual transects). The spread of artifacts in each transect varies, mainly, depending on the 

orientations of a partiCUlar transect and ridge there. For example, the artifact distribution in Transect 9 

appears to be spread out (Figure 16). This apparent spread seems to be caused by the ridge that runs 

almost pamllel to the transect; hence, artifacts distributed along the ridge are included in the transect. A 

clear contrast can be seen with Transect 7, where the ridge runs almost perpendicular to the transect; the 

artifacts form a tight cluster on one side of the ridge. 

Genemlly, dense concentmtions of artifacts tend to be located on one side of the ridge, but not 

on both sides. This is true not only for the area covered by the study transects, but also for other areas 

on the ridge. A major cause of the artifact dispersion appears to be water action. Artifacts have been 

washed down along the direction of slope (see below). Thus, when a transect was placed more or less 

along the direction of the ridge, it would include not only artifacts on the ridge top but also those washed 

downslope forming an apparently dispersed distribution in the transect. Artifact clusters located at the 

southern end of a ridge in Transects 3 and 4 seem to have been formed by this process. 

The location of dense clusters on a ridge is probably determined by the orientation and length of 

the ridge. If a ridge with artifacts soon branches out, artifacts are distributed along the direction of one 
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Figure 8. Artifact distribution in Transect 1. 
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Figure 9. Artifact distribution in Transect 2. 
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Figure 10. Artifact distribution in Transect 3. 
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Figure 11. Artifact distribution in Transect 4. 
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Figure 12. Artifact distribution in Transect 5. 
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Figure 13. Artifact distribution in Transect 6. 
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Figure 14. Artifact distribution in Transect 7. 



148 

a 100 

METERS 

Figure 15. Artifact distribution in Transect 8. 
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Figure 16. Artifact distribution in Transect 9. 



150 

100 

METERS 

Figure 17. Artifact distribution in Transect lO. 
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Figure 18. Artifact distribution in Transect 11. 
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branched ridge, rather than in both directions. Transect 6 (Figure 13) provides a clear example. This 

transect covers two ridges. Among the two, the north ridge bears artifacts. This north ridge soon branches 

into two ridges, both of which share similar topographic features (flat and reasonably broad tops). 

However, artifacts are only distributed on the northern half of the ridge. This seems to be because the 

southern branch will soon be dead-ended. This ridge continues to the southwest for another 150 meters 

or so, where it runs into a wash (Figure 7). In contrast, the northern branch continues and, with more 

branching episodes, provides eventual passage to the Derrio Wash. 

Because areas between transects were not systematically recorded, there is no way to verify 

completely the following claim. Nonetheless, it was observed that the artifact distribution is continuous 

throughout one ridge with varying density. From just east on Transect 3, where ridges become more 

distinct, the distribution follows the continuous ridge that eventually leads to the Derrio Wash. The artifact 

scatter never crosses washes except in the vicinity of Transect 8. While this transect covers two ridges 

(Figure 15), no artifacts were found on either ridge top. All artifacts found in this transect, though few 

in number, were located in a wash (see "Transect 8," in the Refuse Structure section). These two ridges 

start branching between Transects 7 and 8. If the never-cross-a-wash rule had been followed, the scatter 

should have taken the northern route. Instead, artifacts are concentrated on the southern side at Transect 

7 and the scatter continues on the ridge until it meets the wash just before Transect 8. The scatter enters 

into the wash through a tiny sub-ridge head and return onto the north ridge past Transect 8. Field 

inspections confirmed that few artifacts are distributed on the southern ridge beyond the entry point to the 

wash. At the same time, artifacts are absent in the northern ridge between the branching point and the 

point where the scatter reappears as an apparent continuation from the wash. As shown in Figure 15, the 

portion of the wash that the scatter crosses is not sharply entrenched, and the wash walls form a gradual 

slope. Therefore, that portion of the wash would not pose any difficulty for foot traffic. 

Summary 
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Overall, the spatial distribution of artifacts seems to conform with the expectations of the 

prehistoric trail hypothesis. Artifacts form a continuous linear scatter after Transect 3. Outside of the 

ridge with artifact concentrations, only a small number of artifacts, if any, were recorded in most transects. 

Particularly promising for the trail proposition is that at locations where the ridge is wide, artifacts are 

localized only in portions of the ridge, rather than spreading over the entire ridge top areas, as seen in 

Transects 6 and 7. Moreover, such localizations appear to correspond to the direction of the continuous 

ridge. 

The scatter does cross a wash near Transect 8, which was not expected. However, the distribution 

of artifacts around the transect is more indicative of a trail. Artifacts in the wash appear to connect the 

point on the southern ridge where an artifact scatter leaves off and the point on the northern ridge where 

another scatter starts. It seems to be more than just a coincidence. 

These lines of evidence seem to support the trail proposition. However, the area at the eastern 

end of the study area is definitely of a different nature. A trail still could have gone through the area. 

But, judging from the distribution of artifacts and features, activities represented in this area appear to be 

much more than just a trail. 

ARTIFACT ASSEMBLAGES 

Artifact assemblages should provide stronger evidence for behavioral inferences because they are 

direct consequences of human activities in the area. This section first examines overall artifact composition 

in terms of ceramics, chipped stone, and ground stone. As developed in Chapter Six, trailside artifacts 

should have distinct characteristics. The artifact composition in the study transects is compared with other 

sites in the Tortolita piedmont to place the study area in a larger perspective. Secondly, a closer 

examination is attempted on ceramic rims in order to determine vessel forms and their composition. Rims 

from selected sites in Zone 3 previously collected by the NTBS were also examined. These data provide 

a baseline for the appraisal of vessel forms in the study transects. Finally, a brief analysis of other small 
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sites in the Tortolita piedmont is presented. Although a comprehensive analysis for assessing the functions 

of all small sites is not the major purpose of this dissertation, such an analysis would provide indispensable, 

comparative data for assessing the trail models. 

Overall Composition of Artifac~ Assemblages 

An expectation developed in Chapter Seven is that few chipped stone and ground stone artifacts 

would be deposited along a trail. Table 2 summarizes artifact assemblages in the study transects. Both 

chipped stone and ground stone artifacts are concentrated in the eastern end of the study area (Figure 7, 

compare Figures 8, 9, and 10 with other transects; in these figures, "L", "G", and "H" indicate chipped 

stone, ground stone, and hammer stone, respectively). Moreover, the lithic distribution does not overlap 

with ceramics except in Transect 1. There seems to be a correlation between the characteristics of the 

general artifact distribution and the presence of Iithics. More lithics tend to be found in transects where 

the general artifact distribution is spread out. Most chipped stone consists of expedient flakes and debitage, 

made of various locally available materials, such as latite, andesite, diorite, and clorite schist, from the 

Tortolita Mountains and their piedmont. Formal tools are rare, but include two projectile points found in 

Table 2. Artifact summary in the study transects. 

Transect Ceramics Chipped stone Ground stone Hammer stone 

1 413 65 4 0 
2 316 27 1 1 
3 625 18 0 0 
4 455 7 0 0 
5 212 0 0 0 
6 465 1 0 0 
7 1048 0 0 0 
8 79 1 0 0 
9 1165 1 0 0 

10 373 6 0 0 
11 1349 4 0 0 
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Transects 4 and 6. These projectile points appear to be Archaic in origin, hence they are unrelated to 

activities that left ceramics in these transects. 

These findings suggest that the eastern end of the study area was prehistorically utilized for some 

kinds of lithic-using activities (see below for more implications of these lithics). The presence of metate 

and mano fragments, not only in Transects 1 and 2 but also in the area between the transects, implies that 

some domestic activities might have occurred as well. In clear contrast, the remaining portion of the study 

area is virtually lithics-free. While Transects 2 and 3 contain a fair number of lithics, they are distributed 

outside of the ridge where major concentrations of ceramics were observed. This finding appears to be 

consistent with the expectation of a trailside artifact assemblage. 

However, since sites in this area tend to have a small number of chipped stone artifacts, it is 

necessary to compare lithic proportions more systematically in order to evaluate whether lithic, especially 

chipped stone, distributions in the study transect are distinctive. For this purpose, sites recorded and 

collected by the NTBS in the Tortolita Piedmont were examined. A total of 416 sites were recorded in 

the Tortolita Piedmont, which provide the basis for the following analysis. 

Lithics Distribution in Sites in the Tortolita Piedmont 

For this analysis, sites in the piedmont are grouped into seven classes based on features (Table 

3). The purpose of this classification is to obtain coarse-grained functionally distinct groups in order to 

compare artifact assemblages. Types 4 and 5 are roughly comparable to so-called limited activity sites. 

It is likely that these categories represent diverse types of activities; Type 5 is, admittedly, a "mixed-bag" 

category. Neither Types 6 nor 7 have features, but they are distinguished on the basis of ground stone 

because the presence or absence of ground stone may signify different types of activities. For logistic 

reasons, not all ground stone found in the field was collected. Artifact tabulations for the survey collection, 

therefore, do not accurately reflect artifact composition at certain sites. Thus, Type 6 includes sites that 

yield ground stone in the actual collection as well as those having ground stone recorded in the field. One 
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Table 3. Site types and key features. 

Site Type 

2 

3 

4 

5 

6 

7 

Description 

Sites with evidence of intensive occupation. Key 
features includes compounds, adobe structures, and 
trash mounds. 

Other sites with evidence of domestic activities. Key 
features include stone structures, isolated rooms, 
exposed pithouses, and depressions (presumably 
pithouses). 

Sites with agriculture-related features, such as rock 
piles, check dams, and cobble terraces, but without 
habitational features. 

Sites with thermal features, such as roasting pits, the 
presence of ash/charcoal, and firecracked rocks. 

Sites with other minor features, such as clearings and 
rock rings. 

Artifact scatters with no features, but which include 
ground stone. 

Artifact scatters with no features and no ground stone. 

chipped stone quarry was excluded from the analysis. Using these seven site types and four zones, a total 

of 28 possible categories for these sites can be generated. Sites recorded by the NTBS were grouped by 

these categories. In order to ensure comparability, only artifact data from systematic collections were 

included. Since the ratios of artifact classes are compared in the following analyses, the distortion by 

sampling bias would be severe if only a small number of artifacts exist. Therefore, an arbitrary cut-off 

point of 50 artifacts was used to choose sites for the analysis. Also, all sites that have Archaic components 

were eliminated, for they would have inflated ratios of Iithics to ceramics. Five sites located in the area 

covered by the study transects were also excluded. All artifacts in this analysis come from surface contexts 

and excavated materials were not included. By this procedure, 241 out of 416 sites were chosen for the 

study. 
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Artifacts at these sites were collected using various sampling techniques. Smaller sites with up 

to several hundred artifacts were 100% collected. For sites with larger surface assemblages, collection 

circles were used. 

A goal was to collect between 100 and 200 representative artifacts from each site. Ten meter 
diameter circles were the standard collection units. Deviation from this size circle was permissible 
if the artifact density was very high or very diffuse at a particular site [to collect the desired 
number of artifacts] .... The number and size of collection units depends on the size and layout 
of the site. A minimum of five collection circles was desired. The preferred placement of circles 
involved one at the center of the site and four additional circles along axes in each of the cardinal 
directions .... Site boundaries frequently paralleled the axes of ridges, creating elliptical shapes. 
In these cases, site width was often very narrow and an alternative collecting st.-ategy was 
necessary. Five or more collection circles were then placed at equal intervals along the long axis 
of the site (Madsen et aI. n.d.:28). 

Because of the variability in sampling techniques, collections from different sites may not be directly 

comparable. To compensate for this ambiguity, artifact counts were pooled within 28 possible site 

categories, assuming that the relative proportion of each artifact type is more or less representative. Only 

these pooled values were used in the following analysis and no analysis was attempted with individual sites 

as a unit of analysis. Thus, no statistical comparison is possible, but it was decided to pool figures of 

individual sites to avoid any spurious result. 

Table 4 presents a summary of this analysis. Because it is difficult to compare raw counts of 

artifacts between groups, lithic artifact counts were normalized (columns under (A) and (B) in Table 4) to 

sherd count to facilitate direct comparison. Normalized chipped stone and ground stone counts indicate 

the relative quantities of these classes of artifacts to 1000 ceramic sherds (hereafter, these normalized 

values are called "the relative chipped stone [or ground stone] count"). An inspection of these relative 

counts reveals that both chipped stone and ground stone are abundant in Zones 1 and 4. More than 10 % 

of all artifact assemblages are comprised of lithics in these zones; lithic proportions in Zones 2 and 3 are 

much lower. It seems that the variability in lithic proportions corresponds to the density of habitation sites 

in Zones 1 and 4. Comparisons between site types produce figures that are consistent with this 

observation. The chipped stone composition in large habitation sites (Type 1) is by far the highest (Table 
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Table 4. Summary of artifact composition among Hohokam sites in the Tortolita piedmont. 

Zone Type Sites Chipped Ground Ceremics (A) (B) 

stone stone 
....... ----------_ ......... ------ ....... _-----_ ... __ ...... _-----_ ....... _ .... -_ .. -------_ ..... ---------_ ....... -------------------_ ......... -------------_ .. - ..... --------_ .... 

1 3 378 14 2485 152.1 5.6 
1 6 2 16 2 215 74.4 9.3 
1 7 3 16 0 252 63.5 0.0 

2 2 8 53 4 1204 44.0 3.3 
2 3 26 239 13 5427 44.0 2.4 
2 4 7 34 1 575 59.1 1.7 
2 6 2 14 1 324 43.2 3.1 
2 7 20 33 0 2624 12.6 0.0 

3 2 1 14 0 129 108.5 0.0 
3 3 11 62 5 1432 43.3 3.5 
3 4 2 0 0 488 0.0 0.0 
3 5 4 57 4 763 74.7 5.2 
3 6 10 63 13 2508 25.1 5.2 
3 7 45 120 0 5468 21.9 0.0 

4 1 11 719 24 4459 161.2 5.4 
4 2 6 22 2 1310 16.8 1.5 
4 3 26 517 14 5161 100.2 2.7 
4 4 6 182 4 574 317.1 7.0 
4 5 7 11 0 881 12.5 0.0 
4 6 14 215 7 1273 168.9 5.5 
4 7 27 121 0 3039 39.8 0.0 

Zone Summery 
-_ ............ -.. --------_ ......... --------_ ............ _ .... --------_ ........... -----------------.. --------_ .................. ----------------------_ ....... --------------_ ............ 

1 8 410 16 2952 138.9 5.4 
2 63 373 19 10154 36.7 1.9 
3 73 316 22 10788 29.3 2.0 
4 97 1787 51 16697 107.0 3.1 

Site Type Summary 
---------....... -------_ .......... ----------_ ...... _ .. --------_ ......... -------_ ... __ ........ ----------_ ......... -... ---------_ ...... _---------_ .......... - ... ------------------

14 1097 38 6944 158.0 5.5 
2 15 89 6 2643 33.7 2.3 
3 63 818 32 12020 68.1 2.7 
4 15 216 5 1637 131.9 3.1 
5 11 68 4 1644 41.4 2.4 
6 28 308 23 4320 71.3 5.3 
7 95 290 0 11383 25.5 0.0 

----_ ...... -------_ ................ _-----------------------_ .. -------_ ... _-_ .................... -------_ ... __ .......... - .. --------_ ......... -----------_ .... -----------------_ ..... 
Total 241 2886 108 40591 71.1 2.7 

(A) Normalized chipped stone count to 1000 sherds 
(B) Normalized ground stone count to 1000 shards 
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4). The relative proportions of chipped stone of other site types tend to be similar with Type 7 being the 

lowest. 

Although the Type 4 value is high, compamble to Type 1, this is created by an unusually high 

number of Type 4 sites in Zone 4. These sites with roasting pits in Zone 4 may represent a distinct activity 

or perhaps are still mixed with Archaic components. As a matter of fact, the chipped stone proportion of 

Type 4 sites is most variable between zones. Two roasting pit sites in Zone 3 are the only class of sites 

that have no chipped stone as well as no ground stone. This may be due to sampling bias, for there are 

only two sites in this class. But, it is possible that roasting pit activities varied across different zones. 

Another interesting finding of this analysis concerns artifact scatters. As described above, artifact 

scatters with no features were grouped into two classes (with and without ground stone). The chipped stone 

proportion of Type 6 (with ground stone) sites is consistently higher than Type 7 in all zones. Moreover, 

chipped stone in Type 6 is comparable or higher in frequency than other site types, except for Type 1 

(discounting Type 4 for the reason described above). Even the difference with Type 1 sites may be 

spurious. While Type 1 sites are located only in Zones 1 and 4, Type 6 sites are distributed in all zones. 

If only Type 6 sites located in Zones 1 and 4 are included in the analysis, the relative chipped stone count 

of Type 6 sites would be 155.2 to 1000 sherds, a figure very close to the Type 1 value (158.0). The 

relative ground stone count of Type 6 sites is the second highest next to Type 1 sites. The difference 

between Types 1 and 6 in the relative ground stone counts is very small (5.5 vs. 5.3). Again, if only Type 

6 sites located in Zones 1 and 4 are considered, the relative ground stone count of Type 6 sites would 

become higher (6.0) than Type 1 sites. When compared with Type 2 sites (sites with structuml features 

but without any substantial accumulation of trash), Type 6 sites contain more chipped stone and ground 

stone than Type 2 sites (71.3 vs. 33.7 for chipped stone and 5.3 vs. 2.3 for ground stone). As long as 

artifact assemblages are viewed in tenns of the composition of chipped stone, ground stone and ceramics, 

an unusual pair -- intensively occupied habitation sites and simple artifact scatters with ground stone -

provides the closest match. This fact seems to suggest that the function of at least some simple artifact 
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scatters with no visible surface features was possibly habitation activities, though on a small scale (cf. 

Lindauer 1984). 

Assessment of Artifact Assemblages in the Study Transects 

The relative counts of chipped stone and ground stone for artifacts in all transects combined is 20.0 

and 0.77, respectively. These overall figures are not substantially different from other artifact scatters in 

the same zone. The relative counts of the two classes of artifacts for all artifact scatters (i.e., Types 6 and 

7 sites) in Zone 3 are 22.9 and 1.63, respectively. However, as described above, there are two distinctive 

types of artifact distributions in the area covered by the study transects. It is justifiable to divide the study 

transects into two groups, one including three transects at the eastern end and the other the remaining 

transects. The relative counts for chipped stone and ground stone for the first group of transects (Group 

1, hereafter), Transects 1, 2 and 3, are 81.2 and 3.7, respectively; those for the second group (Group 2) 

3.9 and 0, respectively. 

Group l's relative chipped stone count is much higher than that of other Zone 3 sites (see Table 

4). Combined with its ground stone count, the artifact composition of Group 1 resembles Site Types 3 and 

6 in all zones. While the presence of features, such as rock piles and check dams, implies that the area 

was utilized for agricultural exploitation, its high chipped stone content suggests that small-scale habitation 

loci might have existed in the area. The presence of a possible structure nearby noted by a NTBS survey 

crew is consistent with this interpretation. On the other hand, the relative contents of both chipped stone 

and ground stone of Group 2 transects are well below the overall level of any site group in the Tortolita 

piedmont. While this is an encouraging result for the trail proposition, at the individual site level, there 

are many other artifact scatters whose relative content of chipped stone is as low as Group 2. There are 

126 artifact scatters (Types 6 and 7) altogether where 50 or more artifacts were systematically collected. 

No ground stone was recorded in any Type 7 sites (N=97) by definition. Of these 126 sites, 47 sites 

(37.3 %) have yielded a relative chipped stone count of less than 5. Within Zone 3, the proportion of such 
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sites is even higher, 24 of 55 artifact scatters, or 43.6%. It is unlikely that all these sites are remnants of 

prehistoric trails. Thus, while the low counts of chipped stone and ground stone in the study transects are 

not a negative result for the trail proposition, it is still possible that some artifact scatters in the present 

study were not related to prehistoric trail activities. 

Vessel Form Composition 

Another line of evidence for evaluating the trail proposition developed in the previous chapter is 

vessel form composition. This section first examines the bowl-jar ratio, and, then, a more detailed analysis 

of jar forms is attempted using rim sherds. 

Bowl-Jar Ratio 

While it is likely that some bowls were carried on trails for certain reasons including ceramic 

exchange and seasonal migration, bowls were not likely to be the major class of containers on a trail. 

Deposition, i.e., breakage, of bowls on a trail would be even rarer because the relative frequency of such 

trips would be smaller compared to those involving jars, such as water fetching. Rather, more bowls were 

used and broken in food eating and processing contexts -- shallow bowls for serving, deep bowls for 

cooking, and so on. Since bowls provide the least "containment security" (Braun 1980), they are probably 

most frequently used for immediate consumption of their contents. 

Rim sherds were examined to determine vessel forms. Other parts of the vessel body, such as 

neck and shoulder portions, can be used to identify jars. However, since bowls can be identified only by 

rims, the use of other parts would inflate the relative proportions of jars. Thus, only rims were used to 

determine the bowl-jar ratio. A total of 79 rim sherds were collected in the study transects. These 79 rim 

sherds were identified to 43 individual vessels. Of these 43 vessels, there are three bowls (7.0%) and the 

remaining 40 vessels are jars (93.0%). Of the three bowls, two were recovered from Transect I, again 

indicating a different kind of activities around this transect; the other bowl was from Transect 5. While 

the number of bowls found in the transects appears to be low, but bowl frequency has to be compared in 
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a wider context to permit a more secure interpretation. 

Bowl-Jar Ratio in the Tortolita Piedmont 

From the same group of 241 sites used in the lithic analysis above, 1924 rim sherds have been 

recovered. Three vessel forms (bowl, jar, and scoop) have been identified among these rims. Since no 

analysis of these rim sherds has been made to identify them to vessels, the following bowl-jar ratio is a 

simple comparison of bowl and jar "rim sherds." This procedure may inflate the relative proportion of 

bowls to a certain degree because bowls as a whole tend to have a longer rim circumference on their rims 

than jars. However, the bowl-jar ratio of the study transects is relatively invariable between the "sherd" 

and the "vessel" methods. If the "sherd" method is used, the ratio would be 5 to 74 (0.068), instead of 

3 to 40 (0.075) in the "vessel" method. 

Using the same 4 zones and 7 site types, vessel forms by rim sherds are summarized in Table 5. 

A trend similar to the Hthics proportions is observed. The bowl ratio is the highest in Site Type 1 

(intensively occupied habitation sites). In terms of zones, Zone 1 still yields the highest score on the bowl

jar ratio. However, because of the smaller number of rim sherds compared with overall artifact counts, 

the figure for Zone 1 (2.26) is heavily influenced by Type 1 sites (2.58), where 197 rim sherds have been 

recovered, while there are only 18 rim sherds from the remaining sites. The bowl-jar ratio in Zone 2 is 

the second highest, though the difference between Zones 2 and 4 is minimal. As to relative lithics counts, 

Zone 3 is the lowest in this ratio. 

It is interesting that sites with agriCUltural features (Type 3) have the second highest bowl-jar ratio. 

While the primary activity at these sites is clearly farming of plants, bowls are not needed for farming ~ 

~. Since a rapid consumption of their contents is presumably associated with bowls, the high bowl ratio 

may suggest the presence of field houses, where food was consumed at certain sites of Type 3 in spite of 

no such physical evidence. However, the relatively low proportion of lithics, especially ground stone, in 

Type 3 sites implies that activities around alleged field houses were more oriented to food consumption, 
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Table 5. Summary of rim sherds from Hohokam sites in the Tortolita piedmont. 

Zone Type Sites Bowl Jar Scoop Plate Indet. B-J Ratio 
...... ----........ ---- .. ----_ ........... ---_ .... -----_ .... _--_ .... _ .. _--_ .... ----------------_ .. ------------_ .. _------_ .... --------_ .. _----_ .. -----_ .... _-------------_ .. ---

1 3 142 55 0 19 2.58 
6 2 5 5 0 0 1 1.00 
7 3 2 6 0 0 4 0.33 

2 2 8 33 34 2 0 25 0.97 
2 3 26 94 99 5 0 50 0.95 
2 4 7 6 8 0 0 4 0.75 
2 6 2 16 11 0 0 9 1.45 
2 7 20 30 56 3 0 12 0.54 

3 2 1 0 5 0 0 1 0.00 
3 3 11 15 29 1 0 25 0.52 
3 4 2 0 6 0 0 4 0.00 
3 5 4 1 18 0 0 6 0.06 
3 6 10 20 71 1 0 30 0.28 
3 7 45 48 141 2 0 49 0.34 

4 11 122 92 4 1 55 1.33 
4 2 6 6 44 1 0 8 0.14 
4 3 26 66 80 1 0 47 0.83 
4 4 6 13 16 1 0 2 0.81 
4 5 7 1 15 0 0 2 0.07 
4 6 14 20 21 0 0 27 0.95 
4 72 72 03 8 1 0 10 0.53 

Zone Summary 
_ .... ______ ....... _____ ...... ______ ...... ________ .... ______ .... _____ ..... ------_ .... ---.. ----_ .. _-------... _------__ 00-----_-.. -------.... ______ ....... __________ .. _____ .... ___ 

1 8 149 66 0 24 2.26 
2 63 179 208 10 0 100 0.86 
3 73 84 270 4 0 115 0.31 
4 97 248 306 8 1 151 0.81 

Site Type Summary 
-----_ ..... _------ .... ----_ .. -----_ .... -------_ ....... ------..... ----_ ....... -----_ ...... ------......... ----_ ......... -.. ---_ ...... _-----_ .. __ .. ---------------_ ..... _----------------

1 14 264 147 5 1 74 1.80 
2 15 39 83 3 0 34 0.47 
3 63 175 208 7 0 122 0.84 
4 15 19 30 1 0 10 0.63 
5 11 2 33 0 0 8 0.06 
6 28 61 108 1 0 67 0.56 
7 95 100 241 6 0 75 0.41 

---_ .... ---_ ...... _--_ ....... ------_ ... -----_ .. -------_ .. -----_ ..... ----_ .......... ---------_ .. ---_ ....... -.. -------_ ..... -.... _ ...... _ .................................. -----------_ .... _---_ .. _---
Total 241 660 850 23 390 0.78 

B·J Ratio: Bowl-Jar ratio. 
indet.: indeterminant. 
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rather than a full range of domestic activities. Another interpretation of this ratio can be that bowl sherds 

may also have been used as tools, such as scoops and seedling covers at these sites (cf. Sullivan et aI. 

n.d.). 

Type 6 appears to follow a tendency similar to that observed in lithics, its bowl ratio approaching 

the level of Type 1 sites, except for sites of this class in Zone 3. The bowl-jar ratio in Type 6 sites in 

Zone 3 makes a clear contrast with Type 6 sites in the other three zones. The ratio for Type 6 sites in 

Zones 1, 2, and 4 is 1.11, while the value for such sites in Zone 3 is a mere 0.28. This discrepancy is 

an indication of internal variability in the activities that occurred at these sites. However, the interpretation 

offered in the lithic section that these artifact scatters with ground stone could be loci of small-scale 

domestic activities seems to be supported by the finding of a high bowl-jar ratio in all zones but Zone 3. 

Type 5 sites yield an extremely low bowl-jar ratio. The overall paucity of remains in this group 

renders any interpretation of this result difficult. Raw artifact counts may not reflect the actual quantity 

of artifacts that existed at a site because circle collection units were sometimes employed. However, this 

collection method was employed only at two Type 5 sites and the remaining sites in this class were 100% 

collected. Therefore, the paucity of collected artifacts in this class probably reflects the paucity of 

archaeological remains at these sites. Although the relative lithic counts of Type 5 sites are not particularly 

low, this is because one site (AZ AA: 12:534) contributes most of the chipped stone (51 out of 68) and all 

of the ground stone (4) to this class. Because this site clearly represents a different set of activities from 

the remaining sites, if this site is subtracted from Type 5, relative counts of both types of lithics would 

become the lowest of all site types as in the bowl-jar ratio. Since the functions of the key features grouping 

these sites (clearings and rock rings) are not well understood, it is difficult to relate the characteristics of 

their artifact assemblages to any definite activities. 

Assessment of Bowl-Jar Ratio in the Study Transect 

The bowl-jar ratio (0.07) of the study transects is far below the level of any group of sites except 
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for Type 5. Type 5 sites (excluding one site) are closest to the study transects in terms of artifact 

assemblages and bow-jar ratios. Minor features, such as clearings and rock rings, are present at Type 5 

sites. However, the area covered by the study transects is not totally devoid of such features, though they 

tend to be concentrated at the eastern end. Thus, Type 5 sites and the study area are more or less 

comparable; but, the overall artifact concentration at Type 5 sites is much lower than that in the transects. 

Each Type 5 site typically yielded about 100 artifacts, mostly sherds. 

At the zone level, Zone 3's overall bowl-jar ratio (0.31) is much lower than the other three zones. 

Although this value is much higher than that of the study transects, at the level of individual sites, there 

are still other sites whose charactelistics of artifacts are comparable to the study transects in this zone. A 

question that still remains is: "Do these sites, including the area covered by the present study, represent 

a similar set of prehistoric activities?" Although the low bowl ratio of the study transects tentatively 

confirms the trail proposition, the remaining ambiguity expressed in the question warrants more detailed 

data analysis. 

Jar Fonn Variability 

If the trail proposition is sound and if water fetching is an appropriate mechanism to account for 

the large amount of ceramic trash deposited on the ridge under study, only a particular fonn of jars, 

namely long-necked jars, should predominate. It has been demonstrated in the previous two sections that 

artifacts deposited along the studied ridge are virtually free from any kind of Hthics and almost totally 

consist of jar sherds. This section examines formal variability within these jars by way of analyzing rim 

sherds. Comparative materials were sought in selected sites in Zone 3, where the study area is located. 

All Zone 3 sites that yield 5 or more rim sherds were examined. The cut-off point of 5 is totally arbitrary. 

It was chosen to include as many sample sites as possible and at the same time hopefully to see some 

variability in rim forms within a site. 

Methods 
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Figure 19. Idealized vessel forms associated with vessel uses of storage, transfer, and processing. 
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The purpose of this rim sherd analysis was to distinguish three kinds of jars corresponding to three 

major uses of ceramic jars--storage, processing, and transfer. Idealized vessel forms associated with the 

three uses are illustrated in Figure 19. These illustrations are NOT intended to show a full range of formal 

variability in ceramic jars. Actual variation injar forms is much wider than among these simplified forms. 

Rather, the intention of the illustrations is to show some typical forms. If and only if a vessel is found 

shaped like, say, the illustration of the "storage" vessel, it is more likely that the function of the vessel 

would be storage, rather than "processing" or "transfer." It is quite possible to find a form that does not 

conform to anyone of these "templates." A cursory model like the present one is not effective in such 

instances. More sophisticated models are clearly needed to deal with wider variation. However, because 

the major aim of this analysis is only to distinguish vessels used for transfer, such a crude model seems 

sufficient for the purpose. 

Storage vessels may be necked and lire usually large and moderately constricted in order to ensure 

containment security as well as easy access to the contents. Because of their size and because storage 

vessels do not have to be moved often (if ever), large storage vessels tend to have thick walls. Vessels 

for processing, mostly food, would have a larger orifice to prevent boil over and to facilitate easy access 

to the contents for cooking and serving purposes. Vessels for transfer usually have long necks and a small 

orifice to curb liquid spillage during transport. The rim of such vessels may be almost straight or flared, 

but is unlikely to be sharply outcurved. Although no ethnographic data on thickness of vessels for liquid 

transport is available, it is suspected that they tend to have thinner walls for lighter weight. 

In theory, it is possible to determine an approximate form of a vessel from the upper part of the 

vessel body, i.e., the portion above the maximum diameter. However, sherds from these surface 

collections are so fragmented that such large pieces are extremely rare. In order to get around this 

shortcoming, collected sherds were refitted so that the largest possible conjoined pieces could be observed. 

Even after refitting, there were no pieces that cover the entire portion of the upper body. However, it is 

believed that rim sherds convey a fair amount of information on vessels forms from curvature, thickness, 
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and shape. 

Projected diagnostic features of rims for three different uses are heavy rims for storage, recurvate 

short rims for processing, and elongated, slender rims for transfer. In order to observe variability in rim 

morphology, cross-sections were drawn. After refitting, all rim sherds were cross-sectioned except for 

very small pieces. If more than one rim sherd would be identified to a vessel, only one cross-section was 

drawn. 

Rims from the Study Transects 

As shown in Figure 20, most rim forms from the study transects share certain characteristics. 

They have a small curvature and appear to be from necked vessels. The presence of many sherds of the 

neck-body juncture support this interpretation. This finding is consistent with the expectation for the water

fetching trail proposition. 

An interesting find is a worked sherd from Transect 8 (Figure 20, Transect 8, Q). This piece 

appears to be a sherd disc fmgment, with an estimated diameter between 12 and 14 cm. Although it is 

impossible to prove, I am tempted to speculate that this sherd disc may have served as a lid for one of 

necked vessels during water transport. 

Forms other than necked vessels with a slender rim, however, do exist. Vessels ~ and fin 

Transect 1 and Vessel ~ in Transect 5 are bowls, as reported above (see Figure 20). Vessel!! in Transect 

8 clearly has a different form from many others. This vessel is probably either a globular form or close 

to a "seed jar" though it has a very short rim. The mouth of the vessel seems to be too restricted for a 

cooking pot. Although the containment security of the vessel is presumably high, it is not certain that such 

a vessel was used for transporting liquid. Rather, it is more likely that the vessel was used for small 

storage (the size of the vessel is not very large judging from thickness and curvature). Although the rim 

and the neck sherds ilIustmted in Figure 20, Transect 2, !!, do not conjoin, Vessel!! in Transect 2 also 

appears to also have a form whose maximum restriction is located at or very close to the lip. However, 



169 

Transect 1 

rr 
b c 

a 

Transect 2 

Transect 3 

a b a 

Transect 4 

a b c d e 

Figure 20. Rim forms from the study transects. 
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Figure 20 (continued). Rim forms from the study transects. 
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Figure 20 (continued). Rim forms from the study transects. 
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since this form has a long, restricted portion under the opening (technically, this is not the neck because 

there is no restriction under it), it can be considered as a functional equivalent to the long-necked vessel. 

The thicknesses of all jar rims are fairly consistent and thin. The maximum thickness measured 

on an area up to 2 cm from the lip falls within 7 mm on most rims (Figure 21). Three rims outside of this 

range are Vessels £ and!! in Transect 1 (7.5 and 8 mm, respectively). Besides thickness, the rim of Vessel 

!! in Transect 1 is more recurved than others, though the difference is not overwhelming. Although the 

size of the orifice cannot be measured because the rim circumference is too small, such characteristics of 

thickness and curvature suggest that this vessel had a shorter and heavier orifice form, which conforms 

more closely to a processing vessel prototype. The forms of the other two vessels are not certain. The 

rim form of Vessel!! in Transect 6 resembles other thinner ones. Since its curvature is small, it appears 

to be more elongated than the present form. Beyond this, it is difficult to draw more conclusive 
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Figure 21. Maximum thickness of rims from the study transects. 
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interpretations. 

Vessel .£ in Transect 5 and Vessel!! have similar forms: almost straight up and relatively thick. 

Both vessels are decorated (red-on-brown), and may represent a different vessel form. 

The composition of rim forms in Transect 1, again, indicates that activities of a different nature 

were carried out. It yields a wide variety of rim forms including bowls and short recurved rims compared 

with the other transects. Overall, however, most examined rims seem to fall within a small range of 

variation, mostly under the rubric of long-necked jars suitable for transporting liquid. Very thick rims 

projected as large storage vessels were not observed at all. It is useful to compare rims from other sites 

with rims from the transects in order to firmly evaluate the transect rims. Such an examination would 

secure the interpretation that most vessels in the study area consist of water-carrying vessels. 

Rim Sherds from Surrounding Sites 

Rim sherds from sites in Zone 3 were examined to provide comparative materials. All Zone 3 

sites that yielded 5 or more rim sherds were included in the analysis. A total of 357 rim sherds from 37 

sites was examined by the same procedure as that used for transect rims. First, all rims were analyzed and 

identified to vessels. Then cross-sections were drawn for all different jars except for very small pieces; 

bowl rims were not cross-sectioned. 

Rim sherds from 28 of 37 sites (see Figure 22 for the location of these sites), those that yielded 

large enough jar rims, are illustrated in Figures 23 to 26 by site type and by individual site. Rims from 

these sites exhibit much greater variability in shape and thickness than those from the study transect. The 

magnitude of the overall variability is not unexpected because of the bigger sample size (79 vs. 357 rims). 

Even within a single site, however, rim forms tend to be more variable than among all study transects. 

Although a few long, slender rims resembling those recovered from the transects also exist in these NTBS 

sites, many rims exhibit forms that do not exist in the study transects, such as highly recurved rims and 

very thick rims. The overall thickness distribution is appreciably different between the study transects and 
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Figure 22. The location of Zone 3 sites mentioned in the rim form analysis. 
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Figure 23. Jar rims from Type 3 sites in Zone 3. 
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Figure 24. Jar rims from Types 4 and 5 sites in Zone 3. 
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Figure 25 (continued). Jar rims from Type 6 sites in Zone 3. 
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selected Zone 3 sites (Compare Figures 21 and 27}. While the range of variation is tight in the transect 

rims, the range is much wider and the mode of the distribution is shifted to the thicker side among Zone 

3 sites. 

With regard to site types, Type 3 sites tend to include slender rims like those found in the transects 

(for example, Figure 23, AA:12:556, l!, AA:8: 137,,g, g, and 1), although other more curved and heavier 

rims are also present (Figure 23). One Type 5 site [AA: 12:532] also has similar jar rims to those from 

the transects (Figure 24). The location of this site, next to the studied ridge, may have something to do 

with this similarity. Type 6 sites tend to have yielded heavy rims (thicker than 8 mm), thicker than any 

rim from the transects (Figure 25, AA: 12: 119, g, k, i,!!h Q, §, y,~, and l!l!; AA:12:611, g and g). Type 

3 sites also include more recurved rims (AA:8: 139, being an exception). Rims in Type 7 sites are 

variable, reflecting the sample size (14 sites). Some sites yield very heavy rims (AA:8: 130, AA:8: 140, and 

AA: 12:554) and others highly curved rims (AA:8:72 and AA:8:78). However, no rim assemblage (with 
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the possible exception of AA: 12:654) seems to resembles that of the study transects. 

The rim form comparisons between the study transects and other Zone 3 sites reveal the special 

nature of the transects' assemblage. Although some sites contain rim forms similar to those in the 

transects, other aspects of the artifact assemblage, such as chipped stone, ground stone, bowls and the 

presence of features, differ. On the basis of all of these characteristics, including rim forms, it can be 

concluded that the study area appears to be archaeologically unique. All the lines of evidence thus far 

examined are consistent with expectations for a trailside assemblage. One major line of evidence still 

remains to be examined: the characteristics of refuse structure. Before proceeding to the examination of 

cultural formation processes along the study ridge, the next section briefly summarizes the findings of 

artifact variability in the NTBS scatters in the Tortolita piedmont to infer their functional variability. 

Functional Variability in Artifact Scatters 

First, at a gross level, the presence of ground stone at a site seems to signify some functional 

difference. Artifact scatters with ground stone also have high chipped stone proportions, a composition 

resembling intensively occupied habitation sites. The presence of bowls in most cases implies food 

consumption although bowl sherds may still have been used as tools. Such meals using grinding 

implements and serving bowls are more likely to be food prepared and served at residential loci, rather than 

day snacks in the field. Therefore, the presence of ground stone and bowls, at some level, probably 

signifies at least temporary camps. Seventeen of the 28 NTBS Type 6 sites in the piedmont examined 

contain at least one bowl sherd; these 17 sites are candidates for short-term habitation loci. It may be 

difficult to test this proposition in the Hohokam area where structures were built of perishable materials. 

The Sinagua and Anasazi areas seem to provide promising data for testing this proposition because even 

ephemeral structures are likely to be preserved and observable because of masonry building materials. 

There are, of course, sites that do not conform to these templates. For example, a systematic 

collection from AA: 12: 119 yielded many artifacts--actually the most artifacts among all Type 6 sites 
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examined (1079, while the mean number of artifacts collected from all Type 6 sites is 166.1). The site 

also yields the most rim sherds (n=41). Still, there are no bowl rims recorded. The relative chipped stone 

count for the site is low (4.6) and only one ground stone artifact was recorded, a composition reminiscent 

of the transect assemblage. However, a closer examination of rim forms (see Figure 25, AA:12:119) 

reveals that this site contains many heavy rims, presumably from storage vessels. Thus, the rim form 

composition of the site is far different from the transects. 

The presence of heavy stomge type vessels seems to be an important indicator for the function of 

a site, while their absence does not necessarily mean the absence of storage. Since large storage vessels 

are not moved very often and do not break as often as, say, bowls, even a small number of such rims in 

refuse suggests that a site would have been occupied for a certain period of time requiring some storage 

facilities (cf. Shapiro 1984). Therefore, the presence of heavy storage vessels can be taken as another 

indicator of residential activities. However, a case like AA: 12: 119, where a large proportion of the 

archaeological cemmic assemblage is composed of heavy stomge vessels, may need special attention. 

Considering differential breakage rates, it is suspected that an even larger proportion of the systemic 

ceramic assemblage consisted of large storage vessels. Therefore, it is further specUlated that this site had 

some specialized function of storing goods. 

Interpretations of Type 7 sites are more difficult. There is no ground stone by definition and the 

chipped stone count is generally very low; in fact, 37 of 95 sites examined yielded no lithics at all. Using 

the relative lithic count as a classifying variable, some difference in rim forms can be observed. The 

pooled relative lithic count for all Type 7 sites is 25.5. Fifteen Type 7 sites examined for rim forms are 

divided into two group, one above the pooled value (N=5) and the other below (N=9). Three of the 

"above" sites (AA:8:130, AA:8:134, AA:8:140) yielded straight heavy rims, while only one site 

(AA: 12:554) had such a rim in the other group. The bowl-jar ratio differed between the two groups. The 

pooled bowl-jar ratio (after vessels are identified) for the above group is 1.1 (18 bowls to 16 jars), while 

the value for the other group is 0.5 (19 to 37). These results indicate that the first group of sites was more 
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oriented toward domestic activities. The lack of ground stone in these 5 sites, however, suggests that no 

intensive food processing had occurred, barring the possibility that ground stone was carried in and then 

out. Since all these sites were 100% collected, sampling bias can be excluded as the reason for the lack 

of ground stone. Characteristics of activities that would yield such an artifact assemblage can be 

summarized as little food processing, but a fair amount of food consumption, some stomge, and activities 

requiring chipped stone artifacts. A set of activities of this kind could be found at a node for resource 

gathering or small scale farming, i.e., a field house, which does not require a lengthy stay at the location, 

where processed food would be brought in or stored. 

The analysis presented above is admittedly superficial. Still, sites with few Iithics remain to be 

interpreted. Nothing except for the trail proposition has yet been offered for such sites. Rim forms from 

most of these sites (10 sites in the "below" group) do not appear to be water carrying vessels, while 2 sites 

(AA: 8:72 and AA: 12:555) include rims from medium long-neck vessels. These rims in the latter two sites 

may represent containers of drinking water for daily activities. Some Type 7 sites (including ones not 

examined for rim forms) might have been tmils for purposes other than hauling water. Most of these sites 

yield only a small number of ceramics compared with the study transects. The paucity of remains may be 

explained by the infrequency of cemmic vessel transport. While refuse characteristics could clear up some 

ambiguities, no data have been collected except from the current study area to address such questions. 

REFUSE STRUCTURE OF THE STUDY TRANSECTS 

The final line of evidence examined in this study is refuse structure. The mtionale for this 

evidence has been developed at length in Chapter Four. Two dimensions of refuse structure are examined 

in this section: first, the intensity of maintenance through vessel mixing, and second, the extent of activity 

areas through sherd size distribution. In short, if the artifact scatter on the ridge covered by the study 

transects is indeed refuse accumulated along a prehistoric trail, the intensity of maintenance should be low, 

and maintained areas should be confined to the path; tmffic along a trail should generally cause size 
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reduction of sherds by trampling; and the primary paths of the trail should be observable by sherd size 

distribution. Although some trailside activity locales, where refuse other than simple primary refuse may 

be generated, cannot be discounted, such areas should be limited. 

Maintenance 

The density of broken ceramic vessels can fluctuate along a trail. If such ceramic trash was not 

managed, sherds from a vessel should be located in a cluster. On the other hand, if the area was 

maintained, sherds from a vessel would be shifted and mixed together with sherds from other vessels, and 

no longer form a cluster. Since the only area that was likely to be maintained along a trail is its paths, that 

type of maintenance would not cause considerable mixing of sherds. Therefore, by examining the integrity 

of sherd distributions from each vessel, a refuse structure can be characterized. 

There are several limitations in this scheme, however. Even without maintenance, clusters of 

sherds from different vessels could overlap with each other, depending on the location of breakage. 

Overall refuse may then appear as a total mix of different vessels. This effect would be severe where 

many vessels broke in close proximity. Another limitation is positive vessel identification. Since most 

ceramics from the study transects are plain ware, at times it can be, and indeed was, difficult to identify 

different (or the same) vessels from the many plain ware sherds. 

Methods 

Vessel identification was done through temper and paste characteristics and other technological 

features, such as surface treatment. A hand lens of 10 magnification was used to observe temper. Vessels 

made from a distinctive paste were the easiest case to identify. The paste should be more or less 

homogeneous throughout the vessel body, thus enabling relatively unequivocal identification of sherds from 

the entire body of a vessel. Other characteristics, however, may not be so uniform throughout the vessel. 

While the same tempering materials may be used to construct a vessel, the amount of temper at any given 

area of the body may vary. Since collected sherds are highly fragmented, comparing differences and 
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similarities in small sherds (the mean maximum dimension of the analyzed sherds is 1.9 em) turned out 

to be difficult. Surface treatment, such as polishing and slip, may vary greatly in a single vessel. In a 

typical case, the area around the throat (the neck-body juncture) tends to be better polished than the other 

parts. The slip may be thick on one side and thin on the other. An extreme difference in thickness could 

be a good indicator of different vessels, but smaller differences could reflect variation from different parts 

of the body. The whole process of sorting small plain ware sherds was somewhat reminiscent of the 

anecdote of "three blind men feeling to understand what an elephant is." It was at times difficult to decide 

whether sherds from different parts, say, between rim sherds and body sherds, belonged to the same vessel. 

In order to overcome these limitations I attempted to make "conservative" vessel identifications 

by not including "marginal" sherds within vessels. While every sherd was examined for vessel 

identification, it was sometimes difficult to recognize diagnostic characteristics on small sherds. These 

indeterminant sherds with a maximum dimension of less than 2 em were assigned to the "too small" 

category. Even some larger sherds could not be assigned to a vessel because of the lack of unambiguous 

characteristics. These indeterminant sherds are not plotted on vessel distribution charts below. Sherd 

groups tended to be split rather than lumped. When a sherd group exhibited overall similarity, but some 

minor discrepancies existed in certain features, such a group was split into two (or more) groups in order 

to keep the integrity of each grouping. This procedure undoubtedly inflated the number of assigned 

vessels. 

Refitting sherds was vigorously pursued, for conjoinability is the ultimate evidence of sherds 

belonging to the same vessel. While such efforts resulted in hundreds of conjoins, the result is far from 

"reconstructing vessels." Unlike an excavated assemblage, many pieces seem to be missing, presumably 

due to natural formation processes and collecting or curate behavior. High fragmentation has, again, 

proved to be a formidable stumbling block for refitting. 

Nonetheless, vessel identification using temper and paste characteristics was sometimes very 

effective, especially in areas where there were several vessels tempered and made of distinctive materials. 
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On the other hand, it was not as effective in areas where several vessels were made of uncharacteristic sand 

temper. Even in such cases, it was possible to estimate the number of vessels to which similar sherds 

belong. But, except for a few typical sherds, it was difficult to decide which sherd belonged to which 

vessel. To cope with that difficulty, sherds within the variation were pooled as belonging to one of a few 

similar vessels. 

Only sherds on the ridge where the most artifacts were concentrated were the subject of this 

analysis of refuse structure. Materials beyond the bounding washes were not included except for Transects 

1 and 2, where no clear bounding washes exist. 

Transect 1 

The presence of many chipped stone and ground stone artifacts suggests that various human 

activities occurred in the past in the area around this transect. According to the model developed in 

Chapter Four, refuse in such an area should exhibit a certain degree of mixing, and secondary refuse 

deposits may be formed. 

However, within this transect, refuse does not appear to be secondary refuse. There are two 

apparent artifact concentrations on a ridge at the northern end of the transect (the alleged "trail" ridge). 

In the south concentration, vessels form fairly tight clusters, a characteristic that is projected to be 

associated with primary refuse (Figure 28, each symbol represents a different vessel). The north 

concentration actually consists of two adjacent, but discrete clusters, one of chipped stone and the other 

of ceramics (Figure 28, chipped stone is plotted as "filled diamond"). If the north concentration represents 

a small-scale secondary refuse deposit, chipped stone and ceramics should be more mixed together. 

Nonetheless, the ceramic cluster shows some effects of disturbance. Unlike the south concentration, no 

major cluster of sherds from a vessel exists. Only a few sherds belong to each vessel. As a matter of fact, 

this is the only sherd cluster in the entire transect sample that clearly exhibits signs of disturbance. The 

presence of a chipped stone concentration close-by is probably not coincidental. Human activities 
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Figure 28. Vessel distribution in the "trail" ridge in Transect 1. 
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associated with the adjacent chipped stone concentration seem to have disturbed the integrity of the sherd 

distribution in the ceramic cluster. 

Transect 2 

Although a fair number of chipped stone artifacts are present in this transect, they do not form 

a cluster as in Transect 1, and are scattered all over the transect except for the northern end. Ceramic and 

lithic distributions tend not to overlap; lithics seem to be found in ceramic voids (Figure 9). Most ceramics 

are in three separate concentrations. Within each concentration, a few vessels are represented. The 

distribution of sherds from each vessel does not show any sign of considerable mixing (Figure 29). 

While artifact concentrations are discrete, they are still spread over a wide area on the ridge. 

Since the area covered by this transect is relatively flat and the transect runs almost perpendicular to the 

direction of the ridge, it is unlikely that these artifacts once formed trailside refuse and then were washed 

out to form such a dispersed distribution, as may be the case in other transects described below. Rather, 

refuse in this transect seems to have been formed by discrete activities that also spread over the area. That 

the vessel distribution in each cluster does not display signs of mixing also supports this interpretation. 

Transect 3 

From just east of this transect, more clearly defined ridges start forming. Chipped stone artifacts 

are still present, but most of them are distributed beyond a wash that bounds the main ridge at the south 

(Figure 10). Within the ridge, ceramics are distributed in three elongated clusters that cross the transect 

diagonally (Figure 30). Unlike Transect 2, these separate clusters can be attributed to natural formation 

processes, rather than dispersed activities. The ridge top runs in the middle of the north cluster from 

northeast to southwest. The direction of slope is to the southeast on the south side of the ridge and to the 

northwest on the north side. Several small water channels run parallel to the slope direction. The two 

clusters in the south side are indeed located in these channels. The first cluster is more spread out owing 

to a gentler slope there. Therefore, these distributions can be interpreted as sherds located near the ridge 
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top that have been washed down, rather than as each cluster representing a locus of different activities. 

The distribution of vessels supports this interpretation in that sherds belonging to each vessel are distributed 

along the long axis of each cluster (Figure 30). 

Because of this natural formation process, sherds from each vessel are spread out perpendicularly 

to the ridge direction. A fair amount of overlapping between vessels was also observed. Vessels 1 and 

2 in the first cluster seem to completely overlap each other. Both vessels, and Vessel 3 as well, are 

Tanque Verde Red-on-Brown. While Vessel 3 is almost certainly a different vessel from the other two, 

Vessels 1 and 2 are very similar. They have a similar thickness and temper, and were suspected to be a 

single vessel. They were separated based on only slip characteristics. Vessell sherds had a heavier slip 

on both the interior and exterior. Exterior slip is off-white to light tan in color. On the other hand, the 

slip on Vessel 2 sherds is pinkish and less solid. Because of the overall similarities of the two groups, 

another group was created, denoted by the symbol '>' in Figure 30. Sherds in this group are definitely 

red-on-brown and are most likely to belong to either Vessell or 2 but not to the Vessel 3 group because 

of the difference in temper. However, because these sherds are either very small or eroded, it is difficult 

to observe subtle differences in slip and, hence, to assign them to one or the other. Therefore, if these 

three groups of sherds had been from a single vessel, much overlapping between vessels would disappear. 

Transect 1 

The widely dispersed distribution of sherds in this transect again appears to be attributable to the 

direction of the partiCUlar ridge in question. Three ridges branch off just west of this transect. The 

southernmost ridge continues to the end of the study area and the others dead-end nearby. The continuous 

ridge comes into the area from the northeast. Artifact distributions on the ridge-top area are less dense 

and major concentrations are located on either side, creating the pattern observed in this transect (Figure 

31). Chipped stone artifacts are no longer present in any appreciable amounts. Clusters of sherds from 

different vessels are tight. 
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Transect 5 

Artifacts are only sparsely distributed in this transect. The most concentrated area of artifacts is 

located slightly off the ridge top to the north. Only a few vessels are represented in this concentration, and 

sherd clusters of different vessels are more or less discrete (Figure 32). Scattered sherds north of this 

concentration are located on a slope exhibiting characteristics of washed-down artifacts in a linear sequence 

of sherds from vessels. 

Transect 6 

At about the location of this transect two ridges start branching off. The continuous ridge goes 

to the north side. As described in the beginning of this chapter (in the artifact distribution section), 

artifacts are concentrated on the north ridge; the south ridge, otherwise very similar in size and shape, 

contains no artifacts. The south ridge soon dies off, running into a wash. An apparent pot break is present 

in a wash head slightly off to the south ridge side (Figure 33). Otherwise, most artifacts are distributed 

around the top of the north ridge. The ridge runs approximately from northeast to southwest and the top 

is located between Vessel "R" and "SO clusters. The ridge, gently sloping down to the southeast, merges 

into the wash head area on the south and abruptly descends on the north side. 

A void area surrounded by sherds from Vessels 3, 5, and 7 is created by a paloverde tree and a 

cholla bush. Eolian deposits and organic materials from the tree accumulating around the tree would cover 

surface cultural materials and make the detection difficult. Such accumulations also divert the course of 

water flow on the surface, creating a ring-like distribution of vessels. The ridge top area shows some 

overlaps between different vessels. This is in part generated by the splitting procedure of sherd analysis. 

For example, Vessel 4 sherds probably belong to the group of Vessel 3; Vessel 6 sherds probably join 

Vessel 5 sherds, though Vessel 3 and Vessel 5 groups are definitely different. Some sherds in other groups 

containing a small number of sherds (A through H) tend to lack diagnostic characteristics. The actual 

number of vessels represented by these sherds most likely is fewer than I have estimated. However, 
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Figure 33. Vessel distribution on the "trail" ridge in Transect 6. 
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Vessels "J" and "M", together containing only 4 sherds are positively different vessels from the rest 

because they are red-on-brown sherds. Based on decoration characteristics, it is likely that "J" and HM" 

belonged to different vessels. Thus, post-depositional cultural disturbance cannot be ruled out. 

Transect 7 

This transect probably presents the best case for the trail proposition. Almost a thousand sherds 

(984 of 1050 sherds in this transect; the third most sherds in all transects) form the densest cluster in the 

study area on the "trail" ridge as illustrated in Figure 34. Over 60 % of these sherds can be identified to 

3 vessels (Vessels 1, 2, and 3). Such identification was possible because these three vessels have 

distinctive characteristics. Vessell, containing the most sherds (279), is a long-necked jar. It is tempered 

with crushed (or eroded) schist and some sand and has a somewhat chalky, soft paste. The grain size of 

temper is very uneven including large grains of schist. Because of the soft paste, the exterior surface tends 

to be eroded, exposing temper grains that made identification easier. Vessel 2, on the other hand, was 

much better fired and has densely-packed hard paste. It is tempered with even-sized fine sand. Both 

surfaces are well smoothed. Vessel 2 is also a necked jar with a slight shoulder. The form of Vessel 3 

is not certain because of the lack of diagnostic parts. Vessel 3 is also sand tempered but has a larger grain 

size. More tempering material was used in Vessel 3 than in Vessel 2, which gives the vessel a grainy 

paste. Temper grains are readily visible on both surfaces even without erosion. Based on these 

characteristics, the identification of these vessels was accomplished with unaccustomed certainty. 

Because of the number of sherds belonging to a single vessel, many conjoins could be found. For 

example, 78 sherds of 279 Vessell sherds were refitted to others in one way or another. Some of 

conjoined pieces are large enough to estimate the form of the upper portion of the vessel (see Figure 20, 

Transect 7,~. In spite of the large number of sherds involved in Vessels 1 and 2, overlap between the 

two clusters is surprisingly small (Figure 34). While these two vessels are distributed next to each other, 

Vessell sherds cluster just east of the Vessel 2 concentration. The difference appears to be attributable 
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199 



200 

to the locations of breakage. These vessels probably broke near the ridge top side by side with Vessell 

at slightly higher elevation. Without further disturbance, sherds from these vessels have been washed down 

in the direction of the slope. The distribution of Vessel 3 is wider than the others, probably because it 

initially broke at an upslope location. 

Transect 8 

This transect yields the fewest number of artifacts, but it has a peculiar characteristic. Most 

artifacts were found in a wash, rather than on ridges (Figure 35). The wash at this transect is not sharply 

entrenched and has gradual slopes on both side. Artifacts are located on these slopes as well as in the wash 

bottom. Two ridges branch off between this transect and Transect 7. The north ridge continues to the 

west, and the south ridge ends in a wash between Transects 8 and 9. The rule of the scatter thus far is 

that artifacts are distributed on a ridge that continues to the west. Apparently this rule is broken in this 

area. Field inspections revealed that the scatter comes from the direction of Transect 7, goes onto the 

south ridge, and then, just before this transect, the scatter continues in the direction of the wash. At the 

point of this transect virtually no artifacts are present on either the north ridge or the south ridge. Past this 

transect, artifacts reappear on the north ridge in quantity and there are no artifacts on the south ridge (see 

Figure 7). Although artifacts recovered in this transect are too few to provide much information, the 

location of the main distribution is indicative. It appears to connect the two points, one where the scatter 

ends on the south ridge and the other where artifacts reappear on the north ridge. 

Transect 9 

This transect runs almost parallel to the direction of the ridge and contains artifacts having a 

dispersed distribution. Most artifacts appear to be washed down from near the top of the ridge. Thus, as 

the distance between the ridge top and the transect increases, the density of artifacts in this transect 

becomes sparse (see Figure 6). Figure 36 illustrates the artifact distribution in the densest portion of the 

scatter. Two concentrations can be recognized in the figure, one stretching to the northwest and the other 
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202 



203 

extending to the southwest. The ridge top runs along with the second concentration. Just like any other 

transect, few artifacts exist on another ridge branching off on the northern side. 

The north concentration is located on a gentle slope. Artifacts are distributed along minor water 

courses. A large paloverde tree creates a void area separating the north and south concentrations. Despite 

the dispersed distribution and overall quantity of sherds (N = 1165, the second largest number of sherds in 

all transects), sherds from the same vessels form tight clusters reminiscent of those in Transect 7. This 

fact suggests that sherds recovered in this transect are derived from a series of broken vessels once situated 

along the top of the ridge. If the transect had been placed perpendicular to the direction of the ridge, the 

artifact distribution would be confined to a small area of the transect, just like in Transect 7. 

Transect 10 

The distribution of artifacts in this transect duplicates many others (Figure 37). The densest 

concentration is slightly off the top to the north on a gentle slope. Minor water channels particularly gather 

more artifacts, and so sherds from a vessel tend to be distributed linearly following water channels and the 

direction of the slope. It was noted in the field that a dense concentration of artifacts is located just east 

of this transect, which is presumably the source of the concentration on the slope. The ridge top area of 

this transect contains only sparse artifacts, which consist almost exclusively of sherds from one vessel. 

Transect 11 

This transect yields the second densest concentration of artifacts next to Transect 7, but the 

greatest number of artifacts of all transects. While the width of this portion of the ridge may have 

something to do with the shape, the concentration has clear boundaries, reminiscent of Transect 7 (Figure 

38). An elongated cluster located south of the main concentration obviously consists of washed-down 

materials from the top. 

Within the main concentration, sherds from vessels form relatively loose clusters. The 

distributions of sherds from several vessels seem to overlap almost completely. These observations would 
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generate some doubt about trail activities as forming of the concentration; however, the tightness of the 

overall distribution shores up the trailside refuse interpretation. If there had been non-transient activities 

in this area, the distribution should be more blurred. An artifact-void area northwest of the concentration, 

for example, is still on the ridge and the boundary does not represent the shoulder of the ridge. Sherd size 

distributions of these sherd clusters also indicate that trail activities were responsible for forming this refuse 

(see below). Unlike those in Transect 7, vessels in this transect are not very distinctive from each other. 

The majority of sherds are nondistinctive sand tempered. Some vessels do have some distinct 

characteristics, such as Vessels "M" and "N." Their paste is so unique that it made possible unequivocal 

identification. However, they are minor constituents of the concentration. The lack of distinctive 

characteristics forced sherd analysis to rely on minor differences, such as surface treatment and subtle 

differences in temper. This factor may introduce some confusion in the vessel identification analysis. 

Trampling 

While vessel distribution is a measure for maintenance intensity, another dimension of refuse 

structure is shaped by another secondary formation process, post-depositional trampling. Trampling causes 

sherd size reduction as well as differential sherd displacement (Kirkby and Kirkby 1976; Nielsen 1991). 

The intensity of trampling corresponds to the intensity of past human activities in an area. Therefore, 

although high fragmentation of sherds proved to be the greatest stumbling block for vessel identification 

analysis, the degree of sherd fragmentation and their spatial organization convey different kinds of 

information about past human activities. 

In general, artifact refuse that is a hindrance in a well-used activity area is either removed by more 

conscious efforts of activity area maintenance, broken down to a less hindering size and displaced by 

trampling, or both. A trampled area would become having fewer and small-sized artifacts and denser 

artifacts of varying size would accumulate in the periphery of the trampled area. In a habitationallocus 

of intensive occupation, characteristic ring-like secondary refuse deposits and sparse artifacts as "residual" 
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primary refuse in the middle, tend to be formed by these processes (see Chapter Four). However, without 

conscious maintenance, the contrast in refuse characteristics between in a foot path and in trailside areas 

along a trail is probably more subtle. Nonetheless, it is possible that the distribution of sherd sizes can 

differentiate the primary path from trailside. 

The simplest indicator of trampling is sherd size. Trampling progressively reduces sherd size and 

increases the number of resultant sherds (Kirkby and Kirkby 1976, Table 3). Sherds from the transects 

were measured for the maximum dimension (hereafter, "length") and another dimension perpendicular to 

the axis of the maximum dimension (hereafter, "width"); among 6,500 sherds recovered from the study 

transects, 6495 sherds were measured (five sherds were lost before these measurements). The approximate 

area of sherds was calculated by simply multiplying the two dimensions. The mean sherd size in the study 

is 19.44 mm (std. dev.: 8.47 mm) in length, 12.58 mm (std. dev.: 5.64 mm) in width, and 286.79 sq. mm 

(std. dev.: 308.42 sq. mm) in area. While these means appear to be small, there are few comparative data 

sets from other sites. Since this study did not employ any size criterion in the field, even very small sherds 

were included in the collection. The maximum dimension of smallest sherds collected, for example, is 4 

mm. Even the thickness of most sherds exceeds such a value. While many sherds were collected from 

NTBS sites, collecting very small sherds like those included in this study was not pursued because of the 

difference in research objectives. Therefore, the NTBS sites do not provide adequate comparative materials 

with the transects. However, a high-intensity surface collection completed at "La Vaca Enferma," 

originally recorded as a locus of AZ AA:8:27, provides comparable data (Archer 1990; Tani et aI. n.d.; 

Wilson and Tani n.d.). This site is a definite habitation locus with trash mounds and a series of ring-like 

secondary refuse deposits. The mean maximum dimension of surface sherds collected at this site is 18.66 

mm with a standard deviation of 8.46 mm (Archer 1990:72). The values from La Vaca Enferma are 

strikingly similar to those from the study transects. One interpretation of this finding is that sherds in the 

study area were trampled as much as those in an activity area in a habitation site with evidence of intensive 

occupation including such as trash mounds and other dense secondary refuse. However, the effects of 
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cattle trampling as a homogenizer cannot be ruled out because the two areas are located close to each other 

and in an active grazing area. 

In order to facilitate more comparisons, sherds on the "trail" ridge were separated from those in 

the remaining portions of the study transects. Table 6 summarizes sherd size statistics between the two 

areas. The "trail" ridge sherds are significantly smaller than the other sherds in all three measurements 

Table 6. Sherd size in the "trail" ridge and outlier. 

"Trail" Ridge (N = 6004) Outlier (N = 491) All Transects (N = 6495) 

Length Width Area Length Width Area Length Width Area 

mean 19.21 12.46 280.08 22.34 14.09 368.82 19.44 12.58 286.79 

std 8.31 5.57 303.80 9.75 6.27 349.84 8.47 5.64 308.42 

by t-tests with unequal variance (in length, t'=6.9186, p>O.OOOI; in width, t'=5.5768, p>O.OOOI; in 

area, t'=5.4515, p>O.OOOI). Since the effects of cattle trampling should be the same between the two 

groups because they are basically in the same area. Thus, this difference is attributable to the difference 

in trampling. 

Nielsen (n.d.) has experimentally demonstrated that while the sherd-size frequency distribution of 

untrampled assemblages reflects random variation in each breakage event (see Nielsen n.d., Figure 8), as 

trampling intensifies, the distribution becomes more and more positively skewed, i.e., left-shifted and right

tailed (see Nielsen n.d., Figures to, 11, and 12). Figures 39 and 40 show the sherd size frequency 

distribution of the "trail" ridge and the remaining areas. While the two distributions are generally similar, 

the "trail" ridge distribution exhibits more skewness, again indicating that sherds on the "trail" ridge have 

been subject to more intensive trampling. 
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Figure 40. Sherd size frequency distribution in outliers. 

These results, however, do not reveal the activities responsible for tmmpling. The mere fact that 

sherds on the ridge have been more tmmpled than those in the surrounding area does not indicate that such 

tmmpling was associated with trail activities. In order to investigate this problem, the spatial distribution 
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of sherd size was examined. As Wilk and Schiffer (1979) observed in vacant lots in Tucson, the path of 

a trail should be free of large debris. O'Connell (1987:95, Figure 12) also presents a contour map of 

artifact density at Bendaijerum, an Alyawara settlement, that shows clear gaps of artifact density 

representing paths to other parts of the settlement. Therefore, if a trail was responsible for extensive 

trampling on the ridge, linear areas free of large sherds along with denser refuse of sherds varying in size 

should be observed in such a distribution. 

Sherd size distributions in the three densest concentrations (Transects 7, 9,and 11) in the study 

transects are plotted in Figures 41, 42, and 43. Each square represents a sherd and the size of the squares 

reflect sherd size (sherd size is exaggerated by a factor of 4 to make the contrast clearer). Other transects 

are not illustrated because it is difficult to see any pattern in a sparse distribution. A conspicuous gap of 

sherd distribution can be easily observable in Figure 41 slightly downslope from the northern edge of the 

concentration (note shaded area). Sherds are virtually absent in this area except for a few small pieces. 

In contrast, many larger pieces are distributed on either side of the gap, indicating no intensive trampling. 

Since the ridge top is located slightly north of the edge of the concentration, the entire concentration is 

distributed on a gentle slope descending to the south. Therefore, while fluvial action has obviously 

influenced the formation of the main concentration in the south of the gap, natural size-sorting cannot 

account for the absence of sherds in the gap because larger sherds are also distributed on the upslope side 

of the gap as well. Although it is still possible that the tread of modem cattle has created such a pattern, 

it would be a quite coincidence if modem cattle followed exactly the edge of a prehistoric sherd 

concentration. 

The pattern in Transect 9 is not as clear as that in Transect 7. Still, a linear area devoid of 

artifacts can be seen along the line of the ridge top (Figure 42, shaded area). At this location, sherds are 

distributed almost equally on both sides of the gap area. Sherds on both slopes do not exhibit substantial 

effects of trampling because many larger sherds, along with smaller ones, are distributed in these areas. 

These characteristics suggest that original locations of broken vessels were near the top of the ridge and 
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Figure 41. Sherd size distribution in Transect 7. 
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Figure 42. Sherd size distribution in Transect 9. 
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sherds have been washed downslope or displaced by trampling. Conscious maintenance more than casual 

kicking can be ruled out because vessel distributions do not exhibit considerable vessel mixing (Figure 36). 

Although vessel distribution analysis could not produce unequivocal clues on trail activities in 

Transect 11, a sherd size distribution in this transect provides another clear-cut case of trampling limited 

to a linear area, as in Transect 7 (Figure 43, shaded area). The two distributions in Transect 7 and 

Transect 11 are almost identical in having clear edges of their distributions on the upslope side and the 

concentrated sherds of varying size on the downslope side. Moreover, a linear area free of large debris 

is again located close to the northern edge of the distribution. These fmdings seem to be decisive evidence 

for trail activities in these transects. 

Refuse Structure: Summary 

After Transect 11, the ridge extends another 100 meters or so and finally ends by descending into 

the Demo Wash. In sum, this ridge contains an almost uninterrupted sherd scatter nearly a mile long. 

Refuse characteristics of the scatter appear overall to be simple primary refuse as could be expected for 

trailside refuse. However, refuse in the eastern end of the study area, especially in Transect 1, seems to 

be different; doubtlessly, different activities occurred in the area around this transect. That finding by 

itself, however, does not overwhelm other findings from the remaining transects. A trail could have 

existed in the area, but did not leave evidence as such because other activities disturbed the remains. 

Although the overall artifact distribution in Transect 2 does not conform to the prototype of trailside refuse, 

unlike in Transect 1 a sherd cluster in the northern end of the transect appears little disturbed. In the dense 

concentration in Transect 11, sherds from different vessels are not as tightly clustered as expected. A high 

contrast between the concentration and surrounding areas rather than a gradual spread of artifacts, however, 

indicates little disturbance after deposition. Moreover, sherd size distributions in the three densest 

concentrations, including this transect, strongly suggest that trampling is confined to narrow linear areas 

at these locations. 
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SUMMARY 

All the lines of evidence examined in this chapter point in the direction of the model based on the 

water-fetching trail proposition. Each line of evidence alone may not be conclusive, but all lines together 

provide firm support for the trail proposition. 

An artifact scatter on a narrow ridge is more likely to be linear than other shapes. But, if the 

scatter follows the only direction that provides passage through the area without interruption by washes for 

nearly a mile, it cannot be explained only by the physical shape of ridges. While certainly there are 

unknown or unspecified activities that can leave ceramics-only refuse; if such refuse consists of a limited 

range of forms, that deserves some special attention. Very short-term occupation may not disturb the 

refuse they generated considerably; but, such ephemeral activities do not seem to account for the bulk of 

sherds present on the continuous ridge covered by the study transects. Six-thousand-five-hundred sherds 

were recovered from the 11 transects and most of them were from one particular ridge. The areal 

coverage by the transects is 10%. Although evenly spaced transects may not be appropriate to estimate 

the total number of artifacts present on the ridge, ten times the number of recovered sherds can be accepted 

as a rough estimate. Considering many other sherds that have probably been washed out of the ridge or 

removed by curation, the total number of ceramic vessels that once existed in refuse on the ridge would 

be very substantial. To account for that amount, a frequent and regularly occurring activity that involved 

many ceramics needs to be considered. Sherd fragmentation proved to be higher in the continuous scatter 

than in the surrounding area. Such a difference cannot be accounted for by modem disturbances. The 

spatial distributions of sherd size suggest that intensive trampling was confined to narrow linear areas. 

While small, presumably trampled, sherds are also distributed on slopes, such areas do not seem to have 

been trampled because larger sherds coexist with small ones. Although cattle treadage cannot be ruled out 

as a cause of the observed patterns, the likelihood that cattle walk exactly on the edge of prehistoric sherd 

scatters in more than one location seems to be very limited. 

While a prehistoric trail without physical traces seems to be an aberrant proposition, with all the 
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evidence at hand, it must be concluded that the trail proposition is an adequate interpretation for the artifact 

scatter. 
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EVALUATION AND PROSPECTS 
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The methods proposed here have generated enough evidence to infer human activities at a group 

of Hohokam small sites. Although the specific analysis is generally successful, five sites are a drop in the 

ocean of small sites. The immediate contribution of the current study to regional cultural history is modest. 

It only analyzed an area that previously contained five small sites. The result suggests frequent contacts 

between large sites located in the lowland and the upland areas. The access to water sources located in 

the upland by residents in the lowland sites implies that the nature of the contact was not hostile, but that 

the two areas lived in a symbiotic relationship. Although speculating what type of relationship had existed 

between the two areas is well beyond the scope of this study, possibilities include seasonal migrations from 

one place to the other, or complementary resource sharing and exchange between more-or-Iess sedentary 

populations. At the very least, the presence of such a trail supports the presence of a dynamic relationship 

between Zone 1 sites and Zone 4 sites, as suggested by the Classic Marana Community model (S. Fish et 

al. 1989, 1990). 

Since the purpose of this present study rather lies in developing general methods to exploit more 

information from limited remains, it should be evaluated on the basis of its applicability to other small 

sites. Therefore, the following discussions focus on the evaluation of the specific analyses from the 

methodological standpoint as well as prospects for the general applicability of the proposed methods. 

EVALUATION OF THE ANALYSES 

Ethnographic information was not used directly to interpret archaeological remains in this analysis. 

Rather, such information helped to shape specific testable hypotheses. It would be very difficult to conduct 

archaeological analysis for behavioral inferences without any a priori orientation of general research. 

Although such a procedure is susceptible to prejudicing data interpretations, it is also true that without a 

general orientation no well-focused data collection scheme and analyses are possible. The result of such 
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analysis, however, may not produce the definitive solution to the problem. Rather, it essentially examines 

the match between expectations raised by specific theoretical arguments and data collected for answering 

such questions. Therefore, research does not eliminate other possibilities that are not examined in the 

research. In the case of the analyses presented here, data adequately confirm all the expectations raised 

by models derived from a specific proposition: the trail proposition. This does not rule out other activities 

that were not considered in the analysis that may also account for the observed archaeological phenomena. 

Therefore, the initial stage of modeling becomes important for the comprehensiveness of a research 

project by weeding out inadequate hypotheses and restructuring variables that need to be considered. 

Relevant ethnographic information can be used to narrowly focus research along its general orientation. 

It can further give a rationale for specific modeling and correct inadequacies in the orientation of a research 

project. This research started from an impression in the field that such an elongated scatter was something 

unusual. It was reminiscent of a trail though there was nothing then to substantiate such an impression. 

Relevant ethnographic studies supported the possibility that a trail could leave a continuous artifact scatter 

along it, although no such archaeological case has been reported. At the same time, it was realized that 

a study of trail refuse would provide an interesting case for a methodological experiment, because it would 

have a distinct artifact assemblage and would be formed by a distinct set of formation processes. 

Ethnographic information greatly helped to shape this general idea into more operational hypotheses as 

presented in Chapters Six and Seven. 

The attempt to draw useful information from ceramics as tools was effective in distinguishing 

activities involved with a distinctive set of ceramics used in this particular study. Its success largely 

depends upon the particular ceramic assemblage that the study area contains. The striking consistency in 

rim forms in the study area makes a clear contrast with other sites in the same general area. The model 

of the relationship between vessel uses and forms is admittedly crude. Since this study only needed to 

distinguish ceramic refuse mainly generated by water-fetching trips and a few other activities, such a crude 

model was sufficient for the purpose. However, iflinear trailside refuse was generated by other activities, 
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such as ceramic exchange, the water-fetching tmil model used in this study would not be adequate to 

distinguish the resulting trailside assemblages. Furthermore, in order to comprehensively analyze ceramic 

assemblages from many sites to distinguish several different functions, better modeling about the formal 

and functional variability in ceramic vessels is undoubtedly required. 

This study provides a case in which refuse structure can be a useful source of information for 

inferring past human activities. Because there are no comparative data for the spatial distribution of sherds 

from different vessels at other sites, however, data obtained from the transects cannot be placed in a wide 

context to dmw a clearcut conclusion about how much cemmic distributions in the transects have been 

disturbed by maintenance and other activities. The northern end of Transect 1 gave a glimpse of slightly 

disturbed refuse. Since remains in this transect have seveml other characteristics that are not likely to be 

trailside refuse--the presence of many chipped stone and ground stone artifacts, features, bowls, and the 

variability in jar rim forms, the nature of the disturbance merits some elabomtion. Although there is no 

clear vessel cluster observed in the north sherd concentmtion illustrated in Figure 28, the concentmtion 

does not appear to be a secondary refuse deposit. As described in the previous chapter, another chipped 

stone concentmtion was located just north of this sherd concentmtion. Despite the closeness, the two 

concentrations had clear boundaries and there was virtually no overlap between chipped stone and sherds 

(Figures 8 and 28). A secondary refuse deposit should exhibits more mixing of artifacts. However, that 

sherd concentration does not appear to consist of simple pot breaks, either. The number of sherds belonged 

to each vessel is just a few and there are relatively many vessels for the number of total sherds in this 

concentration. A gradual spread and mixing of sherds by natural formation processes as responsible for 

this pattern can be eliminated because of the presence of the area totally devoid of artifacts between this 

concentmtion and another location to the south on the same ridge top. It is possible that this concentmtion 

represents a maintained activity area and that sherds were "residual" primary refuse. This interpretation 

would account for the small number of sherds belonged to each vessel. However, sherd size distribution 

of this concentration does not suggest either intensive maintenance or trampling as expected in a well-used 
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activity area (Figure 44). While very small sherds were present, the overall size distribution in this 

concentration is variable. In summary, this concentration most likely represents primary refuse; but, it 

does not appear to be either simple primary refuse, such as pot breaks, or "residual" primary refuse as a 

result of activity area maintenance; the degree of vessel mixing indicates some minor disturbances, 

probably by activities associated with the chipped stone concentration. While it is difficult to specify the 

type of activity that would form such pattern, one possibility includes sherds used as tools at the location, 

which would account for the presence of many vessels consisting of a few sherds. 

One difficulty involved in the refuse structure analysis is the procedure of vessel identification. 

Although great care was taken not to produce uneven groups, there is no way objectively to demonstrate 

such claims except for presenting actual sherds. It was initially projected that refitting would provide 

positive evidence for the relationship of sherds to vessel. While many conjoins could be found, each 

conjoined pair only proves that the two (sometimes, more) sherds belong to a vessel. Large conjoined 

pieces with many sherds, such as reconstructed vessels from excavated contexts, are extremely rare from 

the surface. A high degree of sherd fragmentation is one cause of this condition; an overwhelming number 

of missing pieces is another. Unlike buried, sealed contexts, even in a simple primary refuse deposit, 

sherds from a vessel could be distributed over a long stretch by water action or could be covered by 

sedimentation. A 10 meter wide transect may not be large enough to cover an entire distribution. As 

stated in Chapter Eight, the lack of distinctive vessel characteristics is still another factor making refitting 

difficult. Thus, it appears to be almost impossible to refit surface sherds to form complete, reconstructed 

vessels. In other areas, where different wares, such as decorated and textured vessels, are predominant, 

vessel identification without refitting would be easier and more objective. However, methods to accomplish 

that aim with Hohokam plain ware still need to be explored. 

Although sherd fragmentation hampers refitting, sherd size distributions yield more clearcut results 

than expected. Seemingly almost useless very tiny sherds proved collectively to contain otherwise 

inaccessible information about past human activities. This technique demonstrates the promising potential 
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for distinguishing subtle differences in activity intensity. This technique would be more reliable in buried 

contexts that are free from the effects of post-occupational trampling. 

PROSPECTS 

The major purpose of the present study is to contribute to archaeological methodology. Thus, 

even with the particular data analysis presented here being generally successful, if the methods used here 

have limited applicability, the value of this study would also be limited. This section discusses applications 

of the methods to other problems and to other archaeological phenomena. 

Analyzing Other Small Sites 

After this analysis, the pool of small sites that remains to be analyzed has not diminished by much. 

The paucity of remains at these sites is still the most formidable stumbling block for arriving at sound 

behavioral inferences. However, it is hoped that the current analysis presents some clues on one means 

to approach such problem. 

Model Building and Data Collection Before Analysis 

Since the particular models about the relationship between material remains and human activities 

were specifically geared toward examining the trail proposition, many models for other activities remain 

to be formulated. Although the sites analyzed in this study do not seem to be loci of resource exploitation, 

it is quite likely that many small sites in the Hohokam area were indeed created by plant resource 

exploitation as usually believed (Goodyear 1975; Doelle 1976; Raab 1973, 1974; Sullivan 1983). The 

appearance of many small sites in the middle portion of the piedmont during the early Classic Period 

coincided with the emergence of large habitation sites downslope. That the location of these small sites 

overlaps the distribution of rich edible plant resources suggests that many of them were probably related 

to exploiting such resources. If the artifact assemblage involved in such resource collecting activities is 

better understood, the proposition of resource exploitation activities can be transformed into testable 
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hypotheses and can be examined with data from these small sites. 

Once specific expectations are formulated for various activities, data collection procedures can be 

designed to meet the specific needs. The preliminary analysis of other small sites in the Tortolita Piedmont 

presented in Chapter Eight was hampered by the lack of sampling specificaUy designed to answer such 

questions because the artifact collection associated with a full coverage survey has to be more general

purpose. For the analysis of the function of each site, provenience information within a site would be of 

great value to assess the nature and the effects of formation processes. Various data collection methods 

employed by the survey generate some uncertainty in comparability between sites. To overcome that 

limitation, the analysis used pooled values, rather than individual values derived from each site. While the 

pooling procedure smoothes some unevenness in what the survey collection at a site represents relative to 

the actual assemblage at the site, the specificity of the data was lost by this procedure. The method used 

to group these sites above is clearly provisional. In order to analyze many sites, however, some form of 

grouping is probably needed. But, it does not have to be the one used in this analysis; also, one can 

envision the simultaneous use of several means to categorize sites that would reveal certain of their 

characteristics. Even if features are used as a categorizing variable, this variable should probably be 

quantified and locational information should also be incorporated. Once differences in the 

representativeness of collected data are accounted for, each site can be used as a unit of analysis. 

Ceramic Analysis 

As exemplified in the study transects, rim form composition can differ between groups of sites. 

The presence of storage-type jars appears to be a good indicator for sorting sites into different groups. Of 

course, these "storage jars" only include vessels used for large amounts of materials for a long time. There 

are certainly other types of vessels used for storage. In the rim form analysis, recurved rims of medium 

thickness were loosely grouped into processing-type vessels, but they were more likely to be meant as non

storage and non-transfer vessels. Some of these vessels were probably used for short-term storage. 
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Because of the crudeness of the form-function model, the analysis could not differentiate variability that 

existed among recurved rims. 

The understanding of variability in recurved rims seems to be crucial for decoding variability in 

small sites. Although analyses of chipped stone and ground stone have not been mentioned, there is no 

doubt that they also provide important information for behavioral inferences at small sites. The hardest 

sites to interpret, however, are those almost totally lacking lithics. The least substantial small sites, i.e., 

simple artifact scatters mainly with ceramics (Type 7 sites in the analysis above), are also the most 

numerous. Ceramic assemblages in many sites of this category analyzed for rim forms typically consist 

of various assortments of recurved rims. While overall vessel forms have been studied in relation to the 

primary function of vessels (see Chapter Three), how closely variability in rim forms covaries with 

functional variability has not yet been established. Such study is one of the most needed for small site 

analysis because intact or restorable vessels are rarely found. Rims are the closest approximation to 

reconstructible vessels at these sites. 

Formation Processes 

Refuse structure was not overtly different between transects in the present study. However, some 

indications of subtle variability were found. It is almost certain that different types of activities were 

carried out in the area around Transect 1 compared with other transects. Indeed, a ceramic concentration 

adjacent to a chipped stone concentration is the only one that shows signs of disturbances. The 

concentration in Transect 1 probably represents not so much maintenance activities as simple disturbances 

by subsequent activities. The distinguishable difference between subtle disturbance and little disturbance 

implies that the resolution of the refuse structure method is sufficiently high. Secondary refuse produced 

from activity area maintenance, though subtle, is probably more easily distinguishable from unmanaged 

refuse with or without disturbance. Thus, these distinctions would provide another categorizing variable 

for sorting out variability in small sites. Of course, such variability may not exclusively come from 



225 

functional variability. Occupational variability, such as the number of occupational episodes, the length 

of each occupational episode, and the length of the entire occupation, would greatly affect variability in 

refuse structure (Sullivan 1980; Mills 1989). Nonetheless, such occupational variability could also 

contribute to sorting out functional variability in sites. Activities that require repeated short occupations 

at a site may be different from those that only need to occupy a site infrequently but with long occupational 

episodes. Although Binford has been vigorously studying refuse structure at hunter-gather sites, formation 

processes and eventual refuse structures associated with non-domestic activities and occupational variability 

among ceramic users have been little studied. Ethnographic information of this sort would shed light on 

this issue. 

From the standpoint of archaeological inquiry, it is necessary to gather more "type collections" 

of refuse structure. Variability existing in the refuse structures at small sites is almost totally unknown. 

The present study is a small contribution to that information pool. We need to "fill gaps" in the variability 

in refuse structures with many studies, just like our predecessors filled the gaps of ceramic chronology. 

A limiting factor in accumulating such information is the effort needed to acquire such information. Since 

variability in refuse was not known at the initiation of this research, it was decided to gather information 

with maximum resolution. Point proveniencing and separately bagging each sherd proved to be extremely 

time-consuming. Though trivial, numbering hundreds of bags required a significant amount of time. 

Before these procedures, every artifact had to be marked by careful sweepings in an area for quality 

control. Moreover, the procedure of washing and labeling each sherd separately was even more tedious. 

Fieldwork at multiple sites by this data collection procedure would take years to complete, which is 

unrealistic. 

However, the result of the current analysis suggests that a one-meter square provenience is 

probably an acceptable resolution for analyzing the structure of refuse at a site. Reducing the resolution 

of provenience would geometrically reduce such logistic efforts. Collection using the "one-by-one" as its 

recovery unit combined with some sampling scheme at a site can be completed in a reasonable amount of 
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time. Nonetheless, as proven by sherd size distribution analysis, point-provenience may provide 

indispensable information for certain questions. In such cases, more automated data collection and 

recording procedures than the present one would ease the efforts. It is easily conceivable that the use of 

sophisticated devices, such as the EDM combined with some magnetic recording media instead of tape 

measures and paper, would greatly shorten the time required for data recording and subsequent analyses. 

Larger Site Analysis 

To determine the primary function of a large site probably is not a major issue in archaeology. 

They are almost invariably generalized activity areas with an emphasis on habitation. Since these sites are 

usually associated with plenty of features, portable artifact analyses may not be needed for the question. 

However, some benefits of artifact analyses as used in this study can be obtained even in such a context. 

A study of intrasite variability is one example. While the difference in features may provide some 

information for differential activities within a large site, portable artifacts could furnish complementary or 

fine-tuned information for the problem. T. Bubemyre (1991), for example, studied variability in human 

activities between ceremonial and residential precincts at the Marana Mound Site by using vessel forms that 

she reconstructed from rims. 

The structure of refuse at a large site would be bewilderingly complex. But, again, variability in 

refuse structure can provide information about the differential organization of activities between loci within 

a site. However, most, if not all, refuse deposits at a large site are secondary refuse. Variability in 

secondary refuse is not extensively discussed in this study. Theoretical developments on characteristics 

within secondary refuse deposits are a prerequisite for the analysis of refuse structure at large sites. D. 

Wilson (1991) has initiated the exploration of this realm. Research for characterizing the refuse structure 

in a Hohokam habitation site is currently being conducted under the direction of the author and Wilson. 

It is hoped that such studies can contribute to a comprehensive understanding of how to decode information 

contained in unexploited sources of archaeological remains. 
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The present study merely scratched the surface of the enormous issue of archaeological 

methodology. For the progress of archaeology as a discipline, theoretical and methodological developments 

should go hand in hand with actual field investigation. Our discipline needs theoretical breakthroughs that 

would change and improve the entire archaeological epistemology, such as those we saw at the beginning 

of "the time-space revolution", the new archaeology and behavioral archaeology. At the same time, 

archaeology also craves smaller advances that can be accumulated, that stimulate subsequent developments, 

and on which future advances can be built. The author sincerely hopes that this study is one of them. 



228 

REFERENCES 

Adolph, E. F. and associates 
1947 Physiology of man in the desert. Interscience Publishers, New York. 

Adolph, E. F. and H. Rahn 
1947 Resume of the investigation. In Physiology of man in the desert, by E. F. Adolph and 

associates, pp. 5-15. Interscience Publishers, New York 

Ambler, Richard 
1987 AZ D:11:9. a locus for Pueblo II grimy activities on centml Black Mesa. northeastern 

Arizona. Archaeological Report 674, Northern Arizona University, Flagstaff. 

Archer, Gavin H. 
1990 Artifact size and frequency in the analysis of Hohokam habitation refuse using a high 

resolution method. MA Thesis, Department of Anthropology, University of Arizona, Tucson. 

Ascher, Robert 
1961 Analogy in archaeological interpretation. Southwestern Journal of Anthropology 

17:317-325. 

1968 Time's arrow and the archaeology of a contempomry community. In Settlement 
archaeology, edited by K. C. Chang, pp. 43-52. National Press Books, Palo Alto. 

Bahr, Donald M. 
1983 Pima and Papago social organization. In Southwest, edited by A. Ortiz, pp. 178-192. 

Handbook of North American Indians, vol. 10, W. G. Sturtevant, geneml editor. Smithonian 
Institution, Washington, D.C. 

Beardsley, R. K., P. Holder A. D. Krieger, B. J. Meggers, and J. B. Rinaldo 
1956 Functional and evolutionary implications of community patterning. In Seminars in 

archaeology: 1955, edited by R. Wauchope, pp. 129-157. Memoir 11, Society for American 
Archaeology. 

Bennett, John W. 
1943 Recent developments in the functional interpretation of archaeological data. American 

Anti.millY 9:208-219. 

1944a The interaction of culture and environment in the smaller societies. American 
Anthropologist 46:461-478. 

1944b Middle American influences on cultures of the southwestern United States. Acta Americana 
2:25-50. 

Bernard-Shaw, Mary 
1988 Hohokam canal systems and late Archaic wells: the evidence from the Los Morteros site. 

In Recent research on Tucson Basin prehistory, edited by W. Doelle and P. Fish, pp. 153-173. 



229 

Anthropological Paper 10, Institute for American Research, Tucson. 

Binford, Lewis R. 
1965 Archaeological systematics and the study of culture process. American Antiquity 

31:203-210. 

1967 Smudge pits and hide smoking. The use of analogy in archaeological reasoning. American 
Antiquity 32: 1-12. 

1968a Archaeological perspectives. In New perspectives in archaeology, edited by S. R. Binford 
and L. R. Binford, pp. 5-32. Aldine, Chicago. 

1968b Methodological considerations of the archaeological use of ethnographic data. In Man the 
hunter, edited by R. B. Lee and I. DeVore, pp. 268-273. Aldine, Chicago. 

1972a Archaeological reasoning and smudge pits--revisited. In An archaeological perspective, pp. 
52-58. Seminar Press, New York. 

1972b An archaeological perspective. Seminar Press, New York. 

1973 Interassemblage variability - Mousterian and the "functional" argument. In The explanation 
of culture change, edited by C. Renfrew, pp.227-254. Duckworth, London. 

1977a Forty-seven trips: a case study in the character of archaeological formation process. In 
Stone tools as cultural markers, edited by R. V. S. Wright, pp.24-36. Australian Institute of 
Aboriginal Studies, Canberra. 

1977b General introduction. In For theory building in archaeology. edited by L. Binford, pp. 1-
10. Academic Press, New York. 

1978a Nunamiut ethnoarchaeology. Academic Press, New York. 

1978b Dimensional analysis of behavior and site structure: learning from an Eskimo hunting stand. 
American Antiquity 43:330-361. 

1979 Organization and formation processes: looking at curated technologies. Journal of 
Anthropological Research 35:255-273. 

1980 Willow smoke and dog's tails: hunter-gatherer settlement systems and archaeological site 
formation. American Antiquity 45:4-20. 

1981a Behavioral archaeology and the "Pompeii Premise." Journal of Anthropological Research 
37(3): 195-208. 

1981b Middle-range research and the role of actualistic studies. In Bones: ancient men and 
modem myths, pp. 21-30. Academic Press, New York. 

1982 Meaning, inference and the material record. In Ranking and exchange, edited by C. 
Renfrew and S. Shennan. Cambridge University Press, Cambridge. 



230 

1983a Working at archaeology. Academic Press, New York. 

1983b In pursuit of the past. Thames and Hudson, London. 

1986 An Alyawara day: making men's knives and beyond. American Antiquity 51:547-562. 

1987 Researching ambiguity: frames of reference and site structure. In Method and theory for 
activity area research, edited by S. Kent, pp. 449-512. Columbia University Press, New York. 

1988 Isolating the transition to cultural adaptations: an organizational approach. In The 
emergence of modem humans: biocultural adaptations in the later Pleistocene, edited by E. 
Trinkaus. Cambridge University Press, Cambridge. 

1989 Debating archaeology. Academic Press, New York. 

Binford, Lewis R. and Sally R. Binford 
1966 A preliminary analysis of functional variability, in the Mousterian of Levallois facies. 

American Anthropologist 68:238-295. 

Binford, Lewis R., S.R. Binford R. Whallon and M.A. Hardin 
1970 Archaeology at Hatchery West. American Antiquity 35, Memoir 24. 

Binford, Lewis R. and James F. O'Connell 
1984 An Alyawara day: the stone quarry. Journal of Anthropological Research 40:406-432. 

Boas, Franz 
1948 [orig. 1896] The limitations of the comparative method of anthropology. In Race. Language 

and Culture, pp. 270-280. MacMillan, New York. 

Bolton, Herbert E. 
1930 Anza's California expeditions, 5 vols. University of California Press, Berkeley. 

Bradley, Richard and Michael Fulford 
1980 Sherd size in the analysis of occupation debris. Bulletin of the Institute of Archaeology 17, 

pp. 85-94. University of London, London. 

Bradley, R., S. Lobb, J. Richards, and M. Robinson 
1980 Two late Bronze Age settlements on the Kennet gravels: excavations at Aldermaston Wharf 

and Knight's Far, Burghfield, Berkshire. Proceedings of the Prehistoric Society 46: 217-295. 

Braun, David P. 
1974 Experimental interpretation of ceramic vessel use on the basis of rim and neck formal 

attributes. Unpublished manuscript, Department of Anthropology, University of Michigan, Ann 
Arbor. 

1980 Experimental interpretation of ceramic vessel use on the basis of rim and neck formal 
attributes. In The Navajo Project: archaeological investigations Page to Phoenix 500 KV southern 
transmission line, D. Fiero, R. Munson, M. McClain, S. Wilson and A. Zier, pp. 171-232. 
Research Paper 11, Museum of Northern Arizona, Flagstaff. 



231 

1983 Pots as tools. In Archaeological hammers and theories, edited by J. Moore and A. Keene, 
pp. 107-134. Academic Press, New York. 

Bmy, Alicia 
1982 Mimbres Black-on-white, Melamine or Wedgewood? A cemmic use-wear analysis. The 

Kiva 47:133-149. 

Breternitz, David 
1957 A brief archaeological survey of the lower Gila River. The Kiva 22: 1-13. 

Brown, A. H. 
1947a Water requirements of man in the desert. In Physiology of man in the desert, by E. F. 

Adolph and associates, pp. 115-135. Interscience Publishers, New York. 

1947b Fluid intakes in the desert. In Physiology of man in the desert, by E. F. Adolph and 
associates, pp. 110-114. Interscience Publishers, New York. 

Brown, Patricia E. and Connie L. Stone 
1982b The data base. In Granite Reef: a study in desert archaeology, edited by P. E. Brown and 

C. L. Stone, pp. 51-98. Anthropological Research Papers 28 and Anthropological Field Studies 
3, Arizona State University, Tempe. 

Brown, Patricia E., Connie L. Stone (editors) 
1982a Granite Reef: a study in desert archaeology. Anthropological Research Papers 28 and 

Anthropological Field Studies 3, Arizona State University, Tempe. 

Bruder, J. Simon 
1975 Historic Papago archaeology. In Hecla II and II: an interpretative study of archaeological 

remains from the Lakeshore Project. Papago Reservation. south centml Arizona, by A. Goodyear, 
pp.271-337. Anthropological Research Papers 9, Arizona State University, Tempe. 

Bryan, Kirk 
1925 The Papago country. Arizona: a geogmphic. geologic. and hydrologic reconnaissance with 

a guide to desert watering places. Water-Supply Paper. United States Geological Survey. 

Bubemyre, Trixi D. 
1991 Behavioml implications of Hohokam ceramic variability: feasting, food redistribution, or 

cmft production? Paper presented at the 56th annual meeting of the Society for American 
Archaeology, New Orleans. 

Burke, Peter 
1969 The Renaissance sense of the past. St. Martin's Press, New York. 

Canouts, Veletta (assembler) 
1972 An archaeological survey of the Santa Rosa Wash Project. Archaeological Series 18, 

Arizona State Museum, Tucson. 

1975 An archaeological survey of the Dnne Reservoir. Archaeological Series 92, Arizona State 
Museum, Tucson. 



232 

Carr, Christopher 
1984 The nature of organization of intrasite archaeological records and spatial analytic approaches 

to their investigation. In Advances in archaeological method and theory, vol. 7, edited by M. 
Schiffer, pp. 103-222. Academic Press, New York. 

Castetter, Edward F. and Ruth M. Underhill 
1935 Ethnobiological studies in the American Southwest II: the ethnobiology of the Papago 

Indians. Bulletin 275, Biological Series 4(3), University of New Mexico, Albuquerque. 

Castetter, Edward F. and Willis H. Bell 
1937 The aboriginal utilization of the tall cacti in the American Southwest. Bulletin 307, 

Biological Series 5(1), University of New Mexico, Albuquerque. 

1942 Pima and Papago indian agriculture. University of New Mexico Press, Albuquerque. 

Chang, K. C. 
1958 Study of the Neolithic social groupings: examples from the New World. American 

Anthropologist 60:298-324. 

1967 Major aspects of the interrelationship of archaeology and ethnology. Current Anthropology 
8:227-243. 

1968 Settlement archaeology. National Press, Palo Alto 

Ciolek-Torrello, Richard S. 
1978 A statistical analysis of activity organization at Grasshopper Pueblo. Arizona. Ph. D. 

dissertation, Department of Anthropology, University of Arizona, Tucson. 

1984 An alternative model of room function from Grasshopper Pueblo, Arizona. In Intrasite 
spatial analysis in archaeology, edited by H. Hietala, pp. 127-153. Cambridge University Press, 
Cambridge. 

Ciolek-Torrello, Richard S., Martha Callahan, and David Greenwald 
1988 Hohokam settlement along the slopes of the Picacho Mountains: the Brady Wash Sites. 

Research Paper 35. Museum of Northern Arizona, Flagstaff. 

Clark, J. Desmond and Hiro Kurashina 
1981 A study of the work of a modem tanner in Ethiopia and its relevance for archaeological 

interpretation. In Modem material culture: the archaeology of us, edited by R. Gould and M. 
Schiffer, pp. 303-321. Academic Press, New York. 

Clark, John E. 
1986 Another look at small debitage and microdebitage. Lithic Technology 15:21-33. 

1991 Flintknapping and debitage disposal among the Lacandon Maya of Chiapas, Mexico. In 
The ethnoarchaeology of refuse disposal, edited by E. Staski and L. Sutro, pp. 63-78. 
Anthropological Research Papers 42, Arizona State University, Tempe. 

Clarke, David L. 



233 

1973 Archaeology: the loss of innocence. Antiquity 47:6-18. 

Clarke, David L. (editor) 
1972 Models in archaeology. Methuen, London. 

Cole, Fay-Cooper and Thome Deuel 
1937 Rediscovering Illinois. Publications in Anthropology, University of Chicago, Chicago. 

Colton, Harold S. 
1946 The Sinagua: a summary of the archaeology of the region of Flagstaff, Arizona. Bulletin 

22, Museum of Northern Arizona, Flagstaff. 

Colton, Harold S. and Lyndon L. Hargrave 
1937 Handbook of northern Arizona pottery wares. Bulletin 11, Museum of Northern Arizona, 

Flagstaff. 

Conklin, H. C. 
1953 Buhid pottery. Journal of East Asiatic Studies 1: 1-12. 

Cook, Sherburne F. 
1972 Prehistoric demography. McCaleb Module in Anthropology 16, Addison-Wesley. 

Cook, Sherburne F. and Robert F. Heizer 
1965 The quantitative approach to the relation between popUlation and settlement size. 

Contributions No. 64, Archaeological Research Facility, University of California, Berkeley. 

1968 Relationship among houses, settlement areas, and population in aboriginal California. In 
Settlement archaeology, edited by K. C. Chang, pp 79-116. National Press, Palo Alto. 

Cronin, C. 
1962 An analysis of pottery design elements, indicating possible relationships between three 

decorated types. In Chapters in the prehistory of eastern Arizona, pp. 104-114. Fieldiana: 
Anthropology 53, Chicago Natural History Museum, Chicago. 

Crown, Patricia L. 
1983 Classic Period ceramic manufacture: exploring variability in the production and use of 

Hohokam vessels. In Hohokam archaeology along the Slat-Gila Aqueduct: Central Arizona 
Project, Vol. VIII, Part I, edited by L. Teague and P. Crown, pp. 119-203. Archaeological 
Series 150, Arizona State Museum, Tucson. 

1990 The Hohokam of the American Southwest. Journal of World Prehistory 4(2):223-255. 

Cushing, Frank H. 
1890 Preliminary notes on the onglO, working hypothesis and primary researches of the 

Hemenway Southwestern Archaeological Expedition. In Congres International des Americanistes, 
Compre-Rendu de la septieme Session, Berlin, 1888, pp.151-194. 

David, Nicholas and Hilke Hennig 



234 

1972 The ethnography of pottery: a Fulani case seen in archaeological perspective. McCaleb 
Module in Anthropology 21, Addison-Wesley. 

Deal, Michael 
1982 Functional variation in Maya spiked vessels: a practical guide. American Antiquity 

47(3):614-633. 

1983 Pottery ethnoarchaeology among the Tzeltal Maya. Ph.D. dissertation, Department of 
Archaeology, Simon Fraser University. Burnaby, British Columbia. 

1985 Household pottery disposal in the Maya Highlands: an ethnoarchaeological interpretation. 
Journal of Anthropological Archaeology 4:243-291. 

Deal, Michael and Brian Hayden 
1987 The persistence of pre-Columbian lithic technology in the form of glass working. In Lithic 

studies among the contemporary Highland Maya, edited by B. Hayden, pp. 235-331. University 
of Arizona Press, Tucson. 

Dean, Jeffery S. 
1991 Thoughts on Hohokam chronology. In Exploring the Hohokam: prehistoric desert peoples 

of the American Southwest, edited by G. Gumerman, pp. 61-150. Amerind Foundation 
Publication, University of New Mexico Press, Albuquerque. 

DeBoer, Warren R. and Donald W. Lathrap 
1979 The making and breaking of Shipibo-Conibo ceramics. In Ethnoarchaeolol!v: implications 

of ethnography for archaeology, edited by C. Kramer, pp 102-138. Columbia University Press, 
New York. 

Deetz, James D. F. 
1965 The dynamics of stylistic change in Arikara ceramics. Illinois Studies in Anthropology 4, 

University of Illinois Press, Urbana. 

Deutchman, Haree L. 
1980 Chemical evidence of ceramic exchange on Black Mesa. In Models and methods in 

regional exchange, edited by R. E. Fry, pp. 119-134. SAA Papers 1, Society for American 
Archaeology, Washington, D.C. 

Divale, W. T. 
1977 Living floor area and marital residence: a replication. Behavior Science Research 

12:109-116. 

Doelle, William H. 
1976 Desert resources and Hohokam subsistence: the CONOCO Florence Project. 

Archaeological Series 103, Arizona State Museum, Tucson. 

Doelle, William H., Frederick W. Huntington, and Henry D. Wallace 
1987 Rincon Phase community reorganization in the Tucson Basin. In The Hohokam village: 

site structure and organization, edited by D. Doyel, pp. 71-96. Southwestern and Rocky Mountain 
Division of the American Association for the Advancement of Science. 



235 

Earle, W. Hubert 
1963 Cacti of the Southwest. Science Bulletin 4, Desert Botanical Garden of Arizona. 

Ember, Melvin 
1972 An archaeological indicator of matrilocal versus patrilocal residence. American Antiquity 

38:177-182. 

Ericson, J. E. 
1977 Egalitarian exchange systems in California: a preliminary view. In Exchange systems in 

prehistory, edited by T. K. Earle and J. E. Ericson, pp. 109-126. Academic Press, New York. 

Ezell, Paul 
1954 An archaeological survey of northwestern Papagueria. The Kiva 19(2-4): 1-26. 

1963 Is there a Hohokam-Pima culture continuum? American Antiquity 29:61-66. 

Fehon, Jacqueline R. and Sandra C. Scholtz 
1978 A conceptual framework for the study of artifact loss. American Antiquity 43:271-273. 

Ferguson, Leland G. 
1977 An archaeological-historical analysis of Fort Watson: December 1780-April 1781. In 

Research strategies in historical archaeology, edited by S. South, pp. 41-72. Academic Press, 
New York. 

Fewkes, J. W. 
1900 Tusayan migration traditions. 19th Annual Report of Bureau of American Ethnology, pp. 

573-633. U.S. Government Printing Office. Washington, D.C. 

Fischer, A. R. 
1985 Winklebury hill fort: a study of artefact distributions from subsoil features. Proceedings of 

the Prehistoric Society 51:167-180. 

Fish, Paul R. 
1989 The Hohokam: 1,000 years of prehistory in the Sonoran Desert. In Dynamics of Southwest 

prehistory, edited by L. Cordell and G. Gumerman, pp. 19-64. Smithsonian Institution Press, 
Washington, D.C. 

Fish, Paul R. and Suzanne K. Fish 
1990 Hohokam political and social organization. In Exploring the Hohokam: prehistoric desert 

people of the American Southwest, edited by G. Gumerman, pp. 151-175. University of New 
Mexico Press, Albuquerque. 

Fish, Paul R., Suzanne K. Fish, and Curtiss Brennan 
1990 The Marana Platform Mound Site: social and economic differentiation at a late Hohokam 

settlement. A proposal to the Center for Field Research I Earthwatch. 

Fish, Paul R., Suzanne K. Fish and John H. Madsen (editors.) 
n.d. The Northern Tucson Basin Survey: Research Directions and Background studies. 

Archaeological Series, Arizona State Museum, Tucson. 



236 

Fish, Suzanne K., Paul R. Fish and John Madsen 
1985 A preliminary analysis of Hohokam settlement and agriculture in the northern Tucson 

Basin. In Proceedings of the 1983 Hohokam Symposium, edited by A. E. Dittert and D. Dove. 
Occasional Paper No.2, Arizona Archaeological Society. 

1989 Classic Period Hohokam community integmtion in the Tucson Basin. In The sociopolitical 
structure of prehistoric Southwestern societies, edited by S. Upham, K. Lightfoot, and R. Jewett, 
pp. 237-268. Westview Press, Boulder. 

1990 Analyzing regional agriculture: a Hohokam example. In The archaeology of regions: a case 
for full-coverage survey, edited by S. Fish and S. Kowalewski, pp. 189-218. Smithsonian 
Institution Press, Washington, D.C. 

Fish, Suzanne K., Paul R. Fish and John H. Madsen (editors.) 
in press Hohoknm Organization and agricultural production in the Marana Community. 

Arizona. Anthropological Papers of the University of Arizona 56. University of Arizona Press, 
Tucson. 

Fish, Suzanne K. and Gary P. Nabhan 
1990 Desert as context: the Hohokam environment. In Exploring the Hohokam: prehistoric 

desert people of the American Southwest, edited by G. Gumerman, pp. 29-60. University of New 
Mexico Press, Albuquerque. 

Flannery, Kent V. 
1967 Culture history vs. culture process: a debate in American archaeology. In New World 

archaeology: theoretical and cultural transfonnations, complied by E. B. W. Zubrow, M. C. Fritz, 
and J. M. Fritz, pp.6-8. W. H. Freeman, San Francisco. 

Flannery, Kent V. and Michael D. Coe 
1968 Social and economic systems in formative Mesoamerica. In New perspectives in 

archaeology, edited by S. R. Binford and L. R. Binford, pp. 267-284. Aldine, Chicago. 

Fontana, Bernard L. 
1965 An archaeological site survey of the Cabeza Prieta Game Range, Arizona. Manuscript on 

file, Arizona State Museum Library. 

1983 Pima and Papago: introduction. In Southwest, edited by A. Ortiz, pp. 125-136. Handbook 
of North American Indians vol. to. Smithsonian Institute, Washington, D.C. 

Fontana, Bernard L., William J. Robinson, Charles W. Cormack, and Ernest E. Leavitt, Jr. 
1962 Papa go indian pottery. University of Washington Press, Seattle. 

Gallagher, James P. 
1977 Contemporary stone tools in Ethiopia: implications for archaeology. Journal of Field 

Archaeology 4:407-414. 

Gasser, Robert and Charles Miksicek 
1985 The specialists: a reappraisal of Hohokam exchange and the archaeo-botanical record. In 

Proceedings of the 1983 Hohokam Symposium, edited by A. E. Dittert and D. E. Dove, pp. 483-



237 

498. Arizona Archaeological Society Occasional Paper 2. 

Gifford, Diane P. 
1978 Ethnoarchaeological observations of natural processes affecting cultural materials. In 

Explorations in ethnoarchaeology, edited by R. A. Gould, pp. 77-102. University of New Mexico 
Press, Albuquerque. 

Goodyear, Albert C. 
1975 Hecla Hand III: an interpretive study of archaeological remains from the Lakeshore 

Project. Papago Reservation, southcentral Arizona. Anthropological Research Papers 9, Arizona 
State University, Tempe. 

Goodyear, Albert C.,III and Alfred E. Dittert, Jr. 
1973 Hecla I : a preliminary report on the archaeological investigations at the Lakeshore Project. 

Papago Reservation, south central Arizona. Anthropological Research Papers 4, Arizona State 
University, Tempe. 

Gorman, Frederick 
1972 The Clovis hunters: an alternative view of their environment and ecology. In 

Contemporary archaeology, edited by M. P. Leone, pp. 206-221. Southern Illinois University, 
Carbondale. 

Gosselin, R. E. 
1947 Rates of sweating in the desert. In Physiology of man in the desert, by E. F. Adolph and 

associates, pp. 44-76. Interscience Publishers, New York. 

Gould, Richard A. 
1978 Beyond analogy in ethnoarchaeology. In Explorations in ethnoarchaeology, edited by R. 

A. Gould, pp. 249-293. University of New Mexico Press, A1buequerque. 

1980 Living archaeology. Cambridge University Press, New York. 

Gould, Steven J. 
1977 Ever since Darwin: reflections in natural history. Norton, New York. 

Graves, Michael 
1980 Ethnoarchaeology of Kalinga ceramic design. Ph.D. dissertation, Department of 

Anthropology, University of Arizona, Tucson. 

1985 Ceramic design variation within a Kalinga village: temporal and spatial process. In 
Decoding prehistoric ceramics, edited by B. Nelson, pp. 9-34. Southern Illinois University Press, 
Carbondale, Illinois. 

Greenleaf, J. Cameron 
1975 Excavations at Punta de Agua in the Santa Cruz River Basin, southern Arizona. 

Anthropological Papers of the University of Arizona 26. University of Arizona Press, Tucson. 

Griffiths, Dorothy M. 
1978 Use-marks on historic ceramics: a preliminary study. Historical Archaeology 12:78-81. 



238 

Guilman, Patricia A. 
1987 Architecture as artifact: pit structures and pueblos in the American Southwest. American 

Antiquity 52:538-564. 

Haaland, Randi 
1978 Ethnographic observations of pottery making in Darfur, western Sudan, with some 

reflections on archaeological interpretations. In New directions in Scandinavian archaeology, 
edited by K. Kristiansen and C. Paludan-Muller, pp. 47-61. The National Museum of Denmark, 
Copenhagen. 

Hackenberg, Robert A. 
1983 Pima and Papago ecological adaptations. In Southwest, edited by A. Ortiz, pp. 161-177. 

Handbook of North American Indians, vol. 10, W. Sturtevant, general editor. Smithsonian 
Institution, Washington, D.C. 

Hally, David J. 
1983a Use alteration of pottery vessel surfaces: an important source of evidence for the 

identification of vessel function. North American Archaeologist 4:3-25. 

1983b The interpretive potential of pottery from domestic contexts. Midcontinental Journal of 
Archaeology 8: 163-196. 

1986 The identification of vessel function: a case study from northwest Georgia. American 
Antiquity 51:267-295. 

Harris, Marvin 
1968 The rise of anthropological theory: a history of theories of culture. Thomas Y. Ceowell 

Co., New York. 

Hassan, Fekri A. 
1981 Demographic archaeology. Academic Press, New York. 

Haviland, William A. 
1969 A new population estimate for Tikal, Guatemala. American Antiquity 34(4):186-197. 

Hawkes, Christopher 
1954 Archaeological theory and method: Some suggestions from the Old World. American 

Anthropologist 56: 155-168. 

Hawley, F. G. 
1938 Chemical investigation on the incrustation on pottery vessels and palettes from Snaketown. 

Appendix IV, in Excavations at Snaketown: material culture, H. Gladwin, E. Haury, E. Sayles, 
and N. Gladwin, pp. 282-289. University of Arizona Press, Tucson. 

Hayden, Brian and Aubery Cannon 
1983 Where the garbage goes: refuse disposal 1D the Maya Highlands. Journal of 

Anthropological Archaeology 2:117-163. 

1984 The structure of material systems: ethnoarchaeology in the Maya Highlands. SAA Papers 



239 

3, Society for American Archaeology, Washington, D.C. 

Hayden, Julian D. 
1965 Fragile-pattern areas. American Antiquity 31:272-276. 

1967 A summary prehistory and history of the Sierra Pinacate, Sonora. American Antiquity 
32:335-344. 

1982 Ground figures of the Sierra Pinacate, Sonora, Mexico. In Hohokam and Patayan: 
prehistory of southwestern Arizona. edited by R. McGuire and M. Schiffer, pp. 581-588. 
Academic Press, New York. 

Henderson, T. Kathleen 
1987 Ceramics, dates, and the growth of the Marana Community. In Studies in the Hohokam 

community of Marana, edited by G. Rice, pp. 49-78. Anthropological Field Studies IS, Arizona 
State University, Tempe. 

Henrickson, Elizabeth F. and Mary M. A. McDonald 
1983 Ceramic form and function: an ethnographic search and an archaeological application. 

American Anthropologist 85:630-645. 

Hildebrand, John A. 
1978 Pathways revisited: a quantitative model of discard. American Antiquity 43:274-279. 

Hill, James N. 
1968 Broken K Pueblo: patterns of form and function. In New perspectives in archaeology, 

edited by S. R. Binford and L. R. Binford, pp. 103-142. Aldine, Chicago. 

1970 Broken K Pueblo: prehistoric social organization in the American Southwest. 
Anthropological Papers of the University of Arizona 18, University of Arizona Press, Tucson. 

Hodder, Ian 
1972 Locational models and the study of Romano-British settlement. In Models in archaeology, 

edited by D. L. Clarke, pp. 887-909. Methuen, London. 

1975 The spatial distribution of Romano-British small towns. In Small towns of Roman Britain, 
edited by T. Rowley and W. Roswell. British Archaeological Reports, Oxford. 

1977 The distribution of material culture items in the Baringo district, western Kenya. Man 
12:239-269. 

1982 The present past: an introduction to anthropology for archaeologists. B.T. Batsford, 
London. 

Hodder, Ian and Clive Orton 
1976 Spatial analysis in archaeology. Cambridge University Press, Cambridge. 

Huckell, Bruce B. 
1979 The Coronet Real Project: Archaeological investigations on the Luke Range. southwestern 



240 

Arizona. Archaeological Series 129, Arizona State Museum, Tucson. 

Jochim, Michael A. 
1979 Breaking down the system: recent ecological approaches in archaeology. Advances in 

archaeological method and theory, Vol. 2, edited by M. B. Schiffer, pp. 77-118, Academic 
Press, New York. 

Jorgensen, J 
1975 A room use analysis of Table Rock Pueblo, Arizona. Journal of Anthropological Research 

31:149-161. 

Kamp, Kathryn A. 
1991 Waste disposal in a Syrian village. In The ethnoarchaeology of refuse disposal, edited by 

E. Staski and L. Sutro, pp. 23-31. Anthropological Research Papers 42, Arizona State 
University, Tempe. 

Katzer, Keith and Jeanette Schuster 
in press The Quaternary geology of the northern Tucson Basin, Arizona, and its 

archaeological implications. In Hohokam organization and agricultural production in the Marana 
community, Arizona, edited by S. Fish, P. Fish, and J. Madsen. Anthropological Papers of the 
University of Arizona 56, University of Arizona Press, Tucson. 

Kearney, Thomas H. and Robert H. Peebles 
1960 Arizona flora. University of California Press, Berkeley. 

Kelly, Jane H. and Marsha P. Hanen 
1988 Archaeology and the methodology of sCience. University of New Mexico Press, 

Albuequerque. 

Kennedy, John G. 
1978 Tarahumam of the Sierm Madre: beer, ecology, and social organization. AHM Publishing, 

Arlington Heights, Illinois. 

Kent, Susan 
1984 Analyzing activity areas: an ethnoarchaeological study of the use of space. University of 

New Mexico Press, Albuquerque. 

Kent, Susan (editor) 
1987 Method and theory for activity area research. Columbia University Press, New York. 

Kidder, Alfred V. 
1915 Pottery of the Pajarito Plateau and some adjacent regions in New Mexico. Memoirs vol. 

2, pt. 6, pp.407-462. American Anthropological Association, Lancaster. 

1924 An introduction to the study of Southwestern archaeology. Yale University Press, New 
Haven. 

Kirkby, A. and M. Kirkby 
1976 Geomorphic processes and the surface survey of archaeological sites in semi-arid areas. 



241 

In Geoarchaeology. edited by D. Davidson and M. Schackley. pp. 229-253. Duckworth. London. 

Kluckhohn. Clyde 
1940 The conceptual structure in middle American studies. In The Maya and their neighbors. 

edited by C. L. Hay. R. L. Linton. S. K. Lothrop. H. L. Shapiro and G. C. Vaillant. pp. 41·51. 
Dover. New York. 

Kolb. Charles C. 
1985 Demographic estimates in archaeology: contributions from ethnoarchaeology on 

Mesoamerican peasants. Current Anthropology 26:581-599. 

Kramer, Carol 
1979 An archaeological view of a contemporary Kurdish village: domestic architecture. 

household size, and wealth. In Ethnoarchaeology, edited by C. Kramer. pp 139-163. Columbia 
University Press 

Kroeber, Alfred L. 
1939 Cultural and natural areas of native north America. Publications in American Archaeology 

and Ethnology. vol. 38, pp. 1-242. University of California. Berkeley. 

Kvamme, Kenneth L. 
1985 AZSITE: an archaeological database. Arizona State Museum. University of Arizona, 

Tucson. 

Laut. Agnes C. 
1913 Why go abroad?--the mission in the Arizona desert. Sunset XXX(I):27-32. 

leBlanc, Steven A. 
1971 An addition to Naroll's suggested floor area and settlement population relationship. 

American Antiquity 36:210-211. 

1975 Micro-seriation: a method for fine chronologic differentiation. American Antiquity 40:22-
38. 

Lee. Richard B. 
1969 !Kung Bushmen subsistence: an input-output analysis. In Environment and cultural 

behavior. edited by A. P. Vayda. pp. 47-79. National History Press, New York. 

Lekson. Stephen H. 
1988 The idea of the kiva in Anasazi archaeology. The Kiva 53:213-234. 

Leonard, Robert D. 
1989 Anasazi faunal exploitation: prehistoric subsistence on northern Black Mesa, Arizona. 

Occasional Paper 13, Center for Archaeological Investigations. Southern Illinois University. 
Carbondale. 

Lindauer, Owen 
1984 Sherd areas as loci of subsistence in the middle Gila. In Prehistoric agricultural strategies 

in the Southwest. edited by S. K. Fish and P. R. Fish. pp. 73-84. Anthropological Research 



242 

Papers 33, Arizona State University, Tempe. 

Linton, Ralph 
1944 North American cooking pots. American Antiguity 9:369-380. 

Lischka, J. J. 
1978 A functional analysis of Middle Classic cemmics at KaminaljuyU. In The ceramics of 

KaminaliuyU. Guatemala, edited by R. Wetherington, pp. 223-278. Pennsylvania State University 
Press, University Park. 

Longacre, William A. 
1970a A historical review. In Reconstructing prehistoric Pueblo societies, edited by W. A. 

Longacre, pp. 1-10. University of New Mexico Press, Albuequerque. 

1970b Archaeology as anthropology: a case study. Anthropological Papers of the University of 
Arizona 17, University of Arizona Press, Tucson. 

1974 Kalinga pottery-making: the evolution of a research design .. In Frontiers of anthropology: 
an introduction of anthropological thinking, edited by M. J. Leaf, pp 197-209. D. Van Nostrand, 
New York. 

1976 Population dynamics at the Grasshopper Pueblo, Arizona. In Demographic anthropology, 
edited by E.B.W. Zubrow, pp 169-184. University of New Mexico Press, Albuequerque. 

1981 Kalinga pottery: an ethnoarchaeological study. In Pattern of the past: studies in honour of 
David Clarke, edited by I. Hodder, G. Isaac, and N. Hammond, pp 49-66. Cambridge University 
Press, Cambridge. 

1984 Ethnoarchaeology: the view from northern Luzon. manuscript on file at Arizona State 
Museum. 

1985 Pottery Use-Life among the Kalinga, Northern Luzon, the Philippines. In Decoding 
Prehistoric Cemmics, edited by Ben A. Nelson, pp. 334-346. Southern Illinois University Press, 
Carbondale. 

Longacre, William A. and James Skibo (editors) 
in press Kalinga ethnoarchaeology. Smithsonian Institution Press, Washington, D.C. 

Lowe, Charles and David Brown 
1982 Introduction. Desert Plants 4:17-24. 

Lowie, Robert H. 
1937 The history of ethnological theory. Farmr & Rinehart, New York. 

Madsen, John, Paul R. Fish, and Suzanne K. Fish 
n.d. Field methods and techniques. In The Northern Tucson Basin Survey: research directions 

and background studies, edited by P. Fish, S. Fish, and J. Madsen. To be published in 
Archaeological Series, Arizona State Museum, Tucson. 



243 

Marquardt, William H. 
1978 Advances in archaeological seriation. In Advances in archaeological method and theory, 

Vol. 1, edited by M. B. Schiffer, pp. 257-314. Academic Press, New York. 

Martin, Paul S. and John B. Rinaldo 
1939 Modified Basket Maker sites in the Ackmen-Lowry area. southwestern Colorado. 1939. 

Anthropological Series, Vol. 23, No.3, Field Museum of Natural History, Chicago. 

1950 Sites of the Reserve Phase: Pine Lawn Valley. western New Mexico. Fieldiana: 
Anthropology, Vol. 38, No.3, Field Museum of Natural History, Chicago. 

Martin, Paul S., Carl Lloyd and Alexander Spoehr 
1938 Archaeological work in the Ackmen-Lowry area. southwestern Colorado. 1937. 

Anthropological Series, Vol. 23, No.2, Field Museum of Natural History, Chicago. 

Martin, Paul S., Lowrence Roys and Gerhardt von Bonin 
1936 Lowry Ruins in southwestern Colorado. Anthropological Series, Vol. 23, No.1, Field 

Museum of Natural History, Chicago. 

Masse, Bruce W. 
1980 Excavations at Gu Achi: a reappraisal of Hohokam settlement and subsistence in the 

Arizona Papagueria. Western Archaeological Center Publications in Anthropology 12. National 
Park Service, Tucson. 

McDonald, James A., David A., Jr. Phillips Yvonne Stewart and Ric Windmiller 
1974 An archaeological survey of the Tucson Gas and Electric El Sol - Vail transmission line. 

Archaeological Series 53, Arizona State Museum, Tucson. 

McGuire, Randall H. 
1977 The Copper Canyon-McGuireville Project: archaeological investigations in the Middle 

Verde Valley, Arizona. Contribution to Highway Salvage Archaeology in Arizona 45. Arizona 
State Museum, Tucson. 

1982 Ethnographic studies. In Hohokam and Patayan, edited by Randall H. McGuire and 
Michael B. Schiffer, pp. 57-100. Academic Press, New York. 

McGuire, Randall H. and Ann Valdo Howard 
1987 The structure and organization of Hohokam shell exchange. The Kiva 52: 113-146. 

McKellar, Judith A. 
1983 Correlates and the explanation of distributions. Atlatl. Occasional Papers 4. Anthropology 

Club, University of Arizona, Tucson. 

McNett, Charles W., Jr. 
1979 The cross-cultural method in archaeology. In Advances in archaeological method and 

theory, vol. 2, edited by M. B. Schiffer, pp. 39-76, Academic Press, New York. 

Meehan, Betty 
1982 Shell bed to shell midden. Australian Institute of Aboriginal Studies, Canberra. 



244 

Merrill, William L. 
1983 Tarahumara social organization, political organization, and religion. In Southwest, edited 

by A. Ortiz, pp.290-305. Handbook of North American Indians, vol. 10, W. Sturtevant, general 
editor. Smithsonian Institution, Washington, D.C. 

Metcalfe, Duncan and Kathleen M. Heath 
1990 Micro-refuse and site structure: the hearths and floors of the Heartbreak Hotel. American 

Antiquity 55(4):781-796. 

Michler, N. 
1856 From the 11lth meridian of longitude to the Pacific Ocean. In Report on the United States 

and Mexican Boundary Survey, edited by W. H. Emory, pp. 103-25. 34th Congress, 1st Session, 
Senate Executive Document 108. Nicholson, Washington, D.C. 

Miller, Daniel 
1985 Artefacts as categories, a study of ceramic variability in central India. Cambridge 

University Press, New York. 

Mills, Barbara J. 
1989 Ceramics and settlement in the Cedar Mesa area, southeastern Utah: a methodological 

approach. Ph.D. dissertation, Department of Anthropology, University of New Mexico. 

Mindeleff, Cosmos 
1900 Localization of Tusayan clans. 19th Annual Report of the Bureau of American Ethnology, 

pp. 635-653. U.S. Government Printing Office, Washington, D.C. 

Moore, Bruce M. 
1980 Pueblo isolated small structure sites. Ph.D. dissertation, Department of Anthropology, 

Southern Illinois University, Carbondale. 

Moore, Henrietta L. 
1982 The interpretation of spatial patterning in settlement residues. In Symbolic and structural 

archaeology, edited by I. Hodder, pp. 74-79. Cambridge University Press, Cambridge. 

Moran, Emilio (editor) 
1984 The ecosystem concept in anthropology. AAAS Selected Symposium 92. Westview Press, 

Boulder. 

1990 The ecosystem approach in anthropology: from concept to practice. University of Michigan 
Press, Ann Arbor. 

Murdock, George P. 
1949 Social structure. Free Press, New York. 

1965 Culture and Society. University of Pittsburgh Press, Pittsburgh. 

Murray, Priscilla 
1980 Discard location: the ethnographic data. American Antiquity 45:490-502. 



245 

Nabhan, Gary P. 
1986 Ak-chin "arroyo mouth" and the environmental setting of the Papago indian fields in the 

Sonoran Desert. Applied Geography 6:61-75. 

Naroll, R. 
1962 Floor area and settlement population. American Antiquity 27:587-589. 

Nelson, Ben A. and Steven A. LeBlanc 
1986 Short-term sedentism in the American Southwest: the Mimbres ValIey Salado. Maxwell 

Museum of Anthropology and University of New Mexico Press, Albuquerque. 

Nelson, Richard S. 
1986 Pochtecas and prestige: Mesoamerican artifacts in Hohokam sites. In Ripples in the 

Chichimec sea, new consideration of Southwestern-Mesoamerican interactions, edited by F. J. 
Mathien and R. H. McGuire, pp. 154-182. Southern Illinois University Press, Carbondale. 

Netting, Robert McC. 
1977 Maya subsistence: mythologies, analogies, possibilities. In The origins of Maya 

civilization, edited by R. E. W. Adams, pp. 299-334. University of New Mexico Press, 
A1buequerque. 

Nielsen, Axel E. 
1991 Trampling the archaeological record: an experimental study. American Antiquity. 

O'Connell, James F. 
1987 A1yawara site structure and its archaeological implications. American Antiquity 52:74-108. 

O'Dowd, London 
n.d. Speak-easies of Tucson. Manuscript. 

Pastron, AlIen G. 
1974 Preliminary ethnoarchaeological investigations among 

Ethnoarchaeology, edited by C. B. Donnan and C. W. Clewlow, Jr. 
Archaeology 4, University of California, Los Angels. 

Phillips, David A. and William L. Rathje 

the Tarahumara. In 
Monograph of Institute of 

1977 Streets ahead: exchange values and the rise of the classic Maya. In Social process in Maya 
prehistory: studies in honour of Sir Eric Thompson, edited by N. Hammond, pp. 103-112. 
Academic Press, London. 

Plog, Stephen 
1978 Social Interaction and stylistic similarity: a reanalysis. In Advances in archaeological 

method and theory, vol. 1, edited by M. B. Schiffer, pp. 143-182. Academic Press, New York. 

1980 Stylistic variation in prehistoric ceramics. Cambridge University Press, Cambridge. 

Popper, Karl 
1962 Conjectures and refutations: the growth of scientific knowledge. Basic Books, New York. 



246 

Raab, Mark L. 
1973 AZ AA:5:2--a prehistoric cactus camp in Papagueria. Journal of the Arizona Academy of 

Science 8(3): 116-118. 

1974 Archaeological investigations for the Santa Rosa Wash Project: Phase I preliminary report. 
Archaeological Series 60, Arizona State Museum, Tucson. 

1976 The structure of prehistoric community organization at Santa Rosa Wash. Ph.D. 
dissertation, Department of Anthropology, Arizona State University. 

Rands, Robert L. and Ronald L. Bishop 
1980 Resource procurement zones and patterns of ceramic exchange in the Palenque Region, 

Mexico. In Models and methods in regional exchange, edited by R. E. Fry, pp. 19-46. SAA 
Papers 1, Society for American Archaeology, Washington, D.C. 

Rathje, William L. 
1971 The origins and development of Lowland Classic Maya civilization. American Antiquity 

36:275-285. 

1972 Praise the gods and pass the metates: a hypothesis of the development of Lowland rainforest 
civilizations in Mesoamerica. In Contemporary archaeology, edited by M. P. Leone, pp. 
365-392. Southern Illinois University Press, Carbondale. 

1973 Classic Maya development and denouement: a research design. In The Classic Maya 
collapse, edited by T. P. Culbert, pp. 405-454. University of New Mexico Press, Albuquerque. 

Rathje, William L., David A. Gregory, and Frederick M. Wiseman 
1978 Trade models and archaeological problems: Classic Maya examples. In Mesoamerican 

communication routes and cultural contacts, edited by T. Lee and C. Navarrete, pp. 147-175. 
New World Archaeological Foundation Papers 40. Bringham Young University, Provo. 

Rathje, William L. and Michael B. Schiffer 
1982 Archaeology. Harcourt Brace Jovanovich, New York. 

Redfield, Robert 
1947 The folk society. American Journal of Sociology 52:293-308. 

Redman, Charles L. and J. Hohmann 
1986 Small site variability in the Payson Region: the Flex Land Exchange. Report submitted to 

Tonto National Forest, U.S. Forest Service, Phoenix. 

Reichhardt, Karen 
n.d. Vegetation of the northern Tucson and Picacho Basins. In The Northern Tucson Basin 

Survey: research directions and background studies, edited by P. R. Fish, S. K. Fish, and J. 
Madsen. To be published in Archaeological Series, Arizona State Museum, Tucson. 

Reid, J. Jefferson 
1973 Growth and response to stress at Grasshopper Pueblo. Arizona. Ph.D. dissertation, 

Department of Anthropology, University of Arizona, Tucson. 



247 

1982 Analytical procedures for interassemblage-settlement system analysis. In Cholla Project 
Archaeology. vol 1: Introduction and special studies, edited by J. J. Reid, pp. 193-204. 
Archaeological Series 161, Arizona state Museum, Tucson. 

Reid, J. Jefferson, Michael B. Schiffer, and Jeffrey M. Neff 
1975 Archaeological considemtions of intrasite sampling. In Sampling in archaeology, edited by 

J. Mueller, pp. 209-224. University of Arizona Press, Tucson. 

Reid, J. Jefferson, Michael B. Schiffer and William L. Rathje 
1975 Behavioml archaeology: four stmtegies. American Anthropologist 77:864-869. 

Reid, J. Jefferson, Michael B. Schiffer, Stephanie M. Whittlesey, Madeleine J. Hinks, Alan P. Sullivan, 
III., Christian E. Downum, William A. Longacre, and H. David Tuggle 

1989 Perception and interpretation in contemporary Southwestern archaeology: comments on 
Cordell, Upham, and Brock. American Antiquity 54:802-814. 

Reid, J. Jefferson and Stephanie M. Whittlesey 
1982 Management of the Cholla Project. In Cholla Project archaeology. Volume I: Introduction 

and special studies, edited by J. J. Reid, pp. 13-26. Archaeological Series 161, Arizona State 
Museum, Tucson. 

Rice, Glen E. 
1987 Floor assemblages of the Marana Community Complex. In Studies in the Hohokam 

Community of Marana, edited by G. Rice, pp. 79-142. Anthropological Field Studies 15, Arizona 
State University, Tempe. 

Rice, Prudence M. 
1987 Pottery analysis: a source book. University of Chicago Press, Chicago. 

Rieger, Anne 
1981 AZSITE: the Arizona state Museum site survey data base. In Data base applications in 

archaeology, edited by Sylvia W. Gains, pp. 27-45. University of Arizona Press, Tucson. 

Ritter, Harry 
1986 Dictionary of concepts in history. Greenwood, New York. 

Robbins, M. 
1966 House types and settlement patterns: an application of ethnology to archaeological 

interpretation. Minnesota Archaeologist 28:3-35. 

Rodgers, James B. 
1976 An archaeological investigation of Buckeye Hills East. Maricopa County. Arizona. 

Anthropological Research Papers 10, Arizona State University, Tempe. 

Rogers, Malcolm J. 
1936 Yuman pottery making. San Diego Museum Papers 2, San Diego. 

1939 Early lithic industries of the lower basin of the Colomdo River and adjacent desert areas. 
San Diego Museum Papers 3, San Diego. 



248 

1945 An outline of Yuman prehistory. Southwestern Journal of Anthropology 1: 167-198. 

1958 San Dieguito implements from the terraces of the Rincon-Pantano and Rillito drainage 
system. The Kiva 24: 1-23. 

1966 Ancient hunters of the Far West. Union-Tribune, San Diego. 

Rosenthal, Eleanore J. 
1979 Surface context. contemporary and cultural tradition: chipped stone tools from the Sierra 

Pinacate. Sonora. Mexico. Ph.D. dissertation, Department of Anthropology, University of 
Arizona. 

Rottliinder, R. C. A. 
1968 Standardization of Roman provincial pottery. 2. Function of the decorative collar on Form 

Drag. 38. Archaeometry 10:35-46. 

Rouse, B. 1. 
1939 Prehistory in Haiti. a study in method. Publications in Anthropology 21, Yale University, 

New Haven. 

Russell, Frank 
1908 The Pima Indians. 16th Annual Report of the Bureau of American Ethnology. U.S. 

Government Printing Office, Washington, D.C. 

Salmon, Merrilee H. 
1982 Philosophy and archaeology. Academic Press, New York. 

Sanders, William T. 
1964 Cultural ecology of the Maya lowlands, Part 2. F:studios de Cultura Maya 4. 

Sassaman, Kenneth E. 
1991 Economic and social contexts of early ceramic vessel technology in the American Southeast. 

Ph.D. dissertation, Department of Anthropology, University of Massachusetts, Amherst. 

Schiffer, Michael B. 
1972 Archaeological context and systemic context. American Antiquity 37:156-165. 

1974 On Whallon's use of dimensional analysis of variance at Guila Naquitz. American 
Antiquity 39:490-492. 

1975 Behavioral chain analysis: activities, organization, and the use of space. In Chapters in the 
prehistory of eastern Arizona, IV, Fieldiana: Anthropology 65, pp. 103-119. Field Museum of 
Natural History, Chicago. 

1976 Behavioral archeology. Academic Press, New York. 

1983 Toward the identification of formation processes. American Antiquity 48:675-706. 

1985 Is there a "Pompeii premise" in archaeology? Journal of Anthropological Research 



249 

41:18-41. 

1987 Formation processes of the archaeological record. University of New Mexico Press, 
Albuquerque. 

1988 The structure of archaeological theory. American Antiquity 53:461-485. 

1989 A research design for ceramic use-wear analysis at Grasshopper Pueblo. In Pottery 
technology: ideas and approaches, edited by G. Bronitsky, pp. 183-205. Westview Press, 
Boulder. 

Schiffer, Michael B. and William L. Rathje 
1973 Efficient exploitation of the archaeological record: penetrating problems. In Research and 

theory in current archaeology, edited by C. L. Redman, pp. 169-179. Wiley, New York. 

Schiffer, Michael B. and James M. Skibo 
1987 Theory and experiment in the study of technological change. Current Anthropology 

28:595-622. 

Schroeder, Albert H. 
1952 A brief survey of the lower Colorado River from Davis Dam to the international border. 

Reproduction Unit, Region Three, Bureau of Reclamation, Boulder City, NV. 

Sellers, William D. and Richard h. Hill 
1974 Arizona climate. University of Arizona Press, Tucson. 

Sellers, William D., Richard H. Hill, and Margaret Sanderson-Rae (editors) 
1985 Arizona Climate: the first hundred years. University of Arizona, Tucson. 

Service, Erman 
1962 Primitive social organization: an evolutionary perspective. Random House, New York. 

Seymour, Deni J. and Michael B. Schiffer 
1987 A preliminary analysis of pithouse assemblages from Snaketown, Arizona. In Method and 

theory for activity area research, edited by S. Kent, pp. 549-603. Columbia University Press, 
New York. 

Shapiro, Gary 
1984 Ceramic vessels, site permanence, and group size: a Mississippian example. American 

Antiquity 49(4):696-712. 

Shepard, Anna O. 
1936 Technology of Pecos pottery. In The pottery of Pecos, vol. 2, edited by A. V. Kidder and 

A. o. Shepard, pp. 389-587. Papers of the Phillips Academy Southwestern Expedition 7. 
Andover. 

1968 Ceramic for archaeologist (6th edition). Carnegie Institute of Washington, Publication 609, 
Washington, D.C. 



250 

Sidrys, R. 
1977 Mass-distance measures for the Maya obsidian tmde. In Exchange systems in prehistory, 

edited by T. K. Earle and J. E. Ericson, pp. 91-108. Academic Press, New York. 

Simms, Steven R. and Kathleen M. Heath 
1990 Site structure of the Orbit Inn: an application of ethnoarchaeology. American Antiquity 

55(4):797-812. 

Skibo, James M. 
1990 Pottery use-alteration: an ethnoarchaeological and experimental study. Ph.D. dissertation, 

Department of Anthropology, University of Arizona, Tucson. 

Skibo, James M., Michael B. Schiffer, and Nancy Kowalski 
1989 Cemmic style analysis in archaeology and ethnoarchaeology: bridging the analytical gap. 

Journal of Anthropological Archaeology 8:388-409. 

Smith, M. A. 
1955 The limitations of inference in archaeology. The Archaeological Newsletter 6: 1-7. 

Smith, Marion F., Jr. 
1983 The study of ceramic function from artifact size and shape. Ph.D. dissertation, Department 

of Anthropology, University of Oregon. 

1985 Toward an economic interpretation of cemmics: relating vessel size and shape to use. In 
Decoding prehistoric ceramics, edited by B. Nelson, pp. 254-309. Southern Illinois University 
Press, Carbondale. 

SoIlas, W. J. 
1924 Ancient hunters and their modem representatives. 3rd ed. MacMillan, New York. 

South, Stanley 
1977 Method and theory in historical archeology. Academic Press, New York. 

1978 Pattern recognition in historical archaeology. American Antiquity 43:223-230. 

1979 Historic site content, structure, and function. American Antiquity 44:213-237. 

Spain, James N. 
1975 Lithic analysis: Arizona T:11:31(ASM) and AA:I0:3(ASM). a structural model. 

Archaeological Series 86, Arizona State Museum, Tucson. 

Spencer, H. 
1873-1933 

Spier, Leslie 

Descriptive sociology. D. Appleton, New York. 

1933 Yuman tribes of the Gila River. University of Chicago Press, Chicago. 

Stacy, V. K. Pheriba 
1974 Cerros de trincheras In the Arizona Papagueria. Ph.D. dissertation, Department of 



251 

Anthropology, University of Arizona. 

Stanislawski, Michael B. 
1973 Review of archaeology as anthropology: a case study. American Antiquity 38(1): 117-122. 

Stark, Barbam 
1984 An ethnoarchaeological study of a Mexican pottery industry. Journal of New World 

Archaeology VI(2):4-14. 

Stevenson, James 
1883 Illustmted catalogue of the collections obtained from the indians of New Mexico and 

Arizona in 1879. 2nd Annual Report of the Bureau of American Ethnology, pp. 307-465. U.S. 
Government Printing Office, Washington, D.C. 

Stevenson, Marc G. 
1982 Toward an understanding of site abandonment behavior: evidence from historic mining 

camps in the Southwest Yukon. Journal of Anthropological Archaeology 1:237-265. 

1985 The formation processes of artifact assemblages at workshoplhabitation sites: models from 
Peace Point in northern Alberta. American Antiquity 50:63-81. 

Steward, Julian 
1937 Ecological aspects of Southwestern society. Anthropos 32:87-104. 

1942 The direct historical approach to archaeology. American Antiquity 7:337-343. 

1955 Theory of culture change. University of Illinois Press, Urbana. 

Steward, Julian and Frank M. Setzler 
1938 Function and configumtion in archaeology. American Antiquity 4:4-10. 

Stewart, Yvonne and Lynn s. Teague 
1974 An ethnoarchaeological study of the Vekol Copper Mining Project. Archaeological Series 

49, Arizona State Museum, Tucson. 

Stone, Connie L. 
1982 An examination of ceramic variability in western Arizona. In Granite Reef: a study in 

desert archaeology, edited by P. E. Brown and C. L. Stone, pp. 99-131. Anthropological 
Research Papers No. 28 and Anthropological Field Studies No.3, Arizona State University, 
Tempe. 

Sullivan, Alan P., III. 
1976 The structure of archaeological inference: a critical examination of logic and procedure. 

Preliminary examination paper, Department of Anthropology, University of Arizona, Tucson. 

1978 Inference and evidence in archaeology: a discussion of the conceptual problems. In 
Advances in archaeological method and theory, vol. 1, edited by M. B. Schiffer, pp. 183-222, 
Academic Press, New York. 



252 

1980 Prehistoric settlement variability in the Grasshopper area, east-central Arizona. Ph.D. 
dissertation, Department of Anthropology, University of Arizona, Tucson. 

1983 Storage, nonedible resource processing, and the interpretation of sherd and lithic scatters 
in the Sonoran desert lowlands. Journal of Field Archaeology 10:309-323. 

1987 Probing the sources of lithic assemblage variability: a regional case study near the 
Homolovi ruins, Arizona. North American Archaeologist 8:41-71. 

Sullivan, Alan P., III., James M. Skibo, and Mary Van Buren 
in press Sherds as tools: the role of refitting in investigating desert plant processing 

technologies. North American Archeologist. 

Sumner, William M. 
1979 Estimating popUlation by analogy: an example. In Ethnoarchaeology: implications of 

ethnography for archaeology, edited by C. Kramer, pp. 164-174. Columbia University Press, 
New York. 

Tani, Masa-kazu 
in press Why should more pots break in larger households?: mechanisms underlying 

population estimates from ceramics. In Kalinga ethnoarchaeology, edited by W. A. Longacre and 
J. Skibo. Smithsonian Institution Press, Washington, D.C. 

Tani, Masa-Kazu and William A. Longacre 
n.d. On methods of measuring ceramic use-life. Manuscript. 

Tani, Masa-kazu, Douglas C. Wilson, and Gavin H. Archer 
n.d. The structure of secondary refuse deposits at a Hohokam habitation site. Manuscript. 

Taylor, Walter W. 
1948 A study of archaeology. Southern II1inois University, Carbondale, Illinois. 

1954 Southwestern archaeology: its history and theory. American Anthropologist 56:561-575. 

Teague, Lynn S. and Anne R. Baldwin 
1978 Painted Rock Reservoir Project, Phase I: preliminary survey and recommendations. 

Archaeological Series 126, Arizona State Museum, Tucson. 

Thompson, Raymond H. 
1956 The subjective element in archaeological inference. Southwestern Journal of Anthropology 

12:327-332. 

1958 Modem Yucatecan pottery making. Memoirs 15, Society for American Archaeology, Salt 
Lake City. 

Trigger, Bruce G. 
1967 Settlement archaeology--its goals and promise. American Antiquity 32(2):149-161. 

1989 A history of archaeological thought. Cambridge University Press, New York. 



253 

Turner, Christy G. and Laurel Lofgren 
1966 Household size of prehistoric western Pueblo. Southwestern Journal of Anthropology 

22: 117-132. 

Tylor, Edward B. 
1889 On a method of investigating the development of institutions; applied to laws of marriage 

and descent. Journal of the Royal Anthropological Institute 18:245-269. 

Underhill, Ruth M. 
1936 The autobiography of a Papago woman. Memoirs 46, American Anthropological 

Association, Washington, D. C. 

1939 Social organization of the Papa go Indians. Columbia University Press, New York. 

1951 People of the crimson evening. Bureau of Indian Affairs, U.S. Department of Interior. 

Van Buren, Mary, James M. Skibo, and Alan P. Sullivan 
n.d. The archaeology of an agave roasting location. In The Northern Tucson Basin Survey: 

rese'lrch directions and background studies, edited by P. Fish, S. Fish and J. Madsen. To be 
published in Archaeological Series, Arizona State Museum, Tucson. 

Vayda, A. P. and Roy Rappaport 
1968 Ecology, cultural and nonculturaI. In Introduction to cultural anthropology, edited by J. 

Clifton, pp. 477-497. Houghton Mifflin, Boston. 

Vogt, Evon Z. 
1968 Some aspects of Zinacantan settlement patterns and ceremonial organization. In Settlement 

archaeology, edited by K. C. Chang, pp. 154-173. National Press, Palo Alto. 

Wallace, Henry D. 
1986 Decorated ceramics. In Archaeological investigations at the Tangue Verde Wash site: a 

Middle Rincon settlement in the eastern Tucson Basin, by Mark D. Elson, pp.125-180. 
Anthropological Papers 7, Institute for American Research, Tucson. 

Wallace, Henry D. and Douglas B. Craig 
1988 A reconsideration of the Tucson Basin Hohokam Chronology. In Recent research on 

Tucson Basin prehistory: proceedings of the Second Tucson Basin Conference, edited by William 
H. Doelle and Paul R. Fish, pp. 9-29. Anthropological Papers 10, Institute for American 
Research, Tucson. 

Ward, Albert E. (editor) 
1978 Limited activity and occupation sites: a collections of conference papers. Contributions 

to Anthropological Studies No 1, Center for Anthropological Studies, Albuequerque. 

Waters, Michael R. 
1982a The Lowland Patayan ceramic tradition. In Hohokam and Patayan: prehistory of 

southwestern Arizona, edited by R. H. McGuire and M. B. Schiffer, pp. 275-297. Academic 
Press, New York. 



254 

1982b Ceramic data from Lowland Patayan sites. In Hohokam and Patayan: prehistorv of 
southwestern Arizona, edited by R. H. McGuire and M. B. Schiffer, pp. 571-580. Academic 
Press, New York. 

1982c Trail shrines at Site SDM C-1. In Hohokam and Patayan: prehistory of southwestern 
Arizona, edited by R. H. McGuire and M. B. Schiffer, pp. 533-536. Academic Press, New 
York. 

Watson, Patty Jo 
1979a The idea of ethnoarchaeology: notes and comments. In Ethnoarchaeology: implications of 

ethnography for archaeology, edited by C. Kramer, pp. 277-287. Columbia University Press, 
New York. 

1979b Archaeological ethnography in western Iran. Viking Fund Publications in Anthropology, 
University of Arizona Press, Tucson. 

1982 Review of Living archaeology by R. A. Gould. American Antiquity 47:445-448. 

Watson, Patty Jo and R. A. Gould 
1982 A dialogue on the meaning and use of analogy in ethnoarchaeological reasoning. Journal 

of Anthropological Archaeology 1:355-381. 

Wedel, Waldo R. 
1938 The direct-historical approach in Pawnee archaeology. Smithsonian Miscellaneous 

Collection 97: 1-21. 

Weigand, P. C. 
1969 Modern Huichol ceramics. In Mesoamerican studies. Research Records. Southern Illinois 

University, Carbondale. 

Whiting, J. W. M. and B. Ayres 
1968 Inferences from the shape of dwellings. In Settlement archaeology, edited by K. C. Chang, 

pp. 117-133. National Press, Palo Alto. 

Whittlesey, Stephanie M. 
1974 Identification of imported ceramics through functional analysis of attributes. The Kiva 

40:101-112. 

Wilcox, David R. 
1987 New models of social structure at the Palo Parado Site. In The Hohokam village: site 

structure and organization, edited by D. E. Doyel, pp. 223-248. Southwestern and Rocky 
Mountain Division of the American Association for the Advancement of Science. 

Wilcox, David R. and Charles Sternberg 
1983 Hohokam ball courts and their intemretation. Archaeological Series 160, Arizona State 

Museum, Tucson. 

Wilk, Richard and Michael B. Schiffer 
1979 The archaeology of vacant lots in Tucson, Arizona. American Antiquity 44:530-536. 



255 

Willey, Gordon R. 
1953 Prehistoric settlement patters in the Vin! Valley, Peru. Bureau of American Ethnology 

Bulletin 155. Washington, D.C. 

1956 Prehistoric settlement patterns in the New World. Viking Fund Publications in 
Anthropology 23. New York. 

Wilson, Douglas C. 
1991 Structure and dynamics of household refuse: archaeological approaches to characterization 

and estimation. Ph.D. dissertation, Department of Anthropology, University of Arizona, Tucson. 

Wilson, Douglas C. and Masa-kazu Tani 
n.d. Hohokam refuse disposal patterns: an intrasite application of Geographical Information 

System at a Classic Period site in the northern Tucson Basin. Paper to be presented at the 
Anthropology of Human Behavior through Geographical Information and Analysis Conference at 
University of California, Santa Barbara. 

Wilson, Eldred D. and Richard T. Moore 
1959 Geologic map of Pinal County, Arizona. Arizona Bureau of Mines, University of Arizona, 

Tucson. 

Wilson, Eldred D., Richard T. Moore, and Robert T. O'Haire 
1960 Geologic map of Pima and Santa Cruz Counties, Arizona. Arizona Bureau of Mines, 

University of Arizona, Tucson. 

Wissler, C. 
1926 The relation of Nature to man in aboriginal America. Oxford University Press, New York. 

Witkowski, S. R. 
1977 Kinship. American Behavioral Scientist 20:657-668. 

Wolf, Eric R. 
1982 Europe and the people without history. University of California Press, Berkeley. 

Wylie, M. Alison 
1985 The reaction against analogy. In Advances in archaeological method and theory. vol. 8, 

edited by M.B. Schiffer, pp. 63-111. Academic Press, New York. 

Yellen, John 
1977 Archaeological approaches to the present. Academic Press, New York. 

Zingg, R. 
1942 The genuine and spurious values in Tarahumara culture. American Anthropologist 44: 

78-92. 

Zubrow, Ezra B. W. 
1975 Prehistoric carrying capacity: a model. Cummings, Menlo Park, California. 


