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PREFACE 

In the summer of 1968, I spent my first season of fieldwork in 

the Hay Hollow Valley of east-central Arizona as an undergraduate mem

ber of the Southwestern Expedition of the Field Museum of Natural His

tory under the direction of Dr. Paul S. Martin. During that season, I 

participated in an archaeological survey; its purpose was the gathering 

of data relevant to several hypotheses that Fred Plog intended to test in 

a dissertation. On several occasions, I also had the opportunity to take 

part in excavations at the Gurley Sites, an amorphous scatter of pit-

houses near Broken K Pueblo, which were also a part of Plog's research 

design. 

Several impressions from that exposure to the field stand out 

clearly in retrospect and are reflected in the study presented here. My 

undergraduate preparation in archaeology led me to expect that activity 

areas would be directly revealed by the artifact distributions at a site. 

To my great surprise, I discovered that the floor of the largest pithouse 

at the Gurley Sites was completely devoid of artifacts and thus presum

ably of past activities. At the time, this was a substantial anomaly 

that I could not explain. Only later, however, did I formulate this and 

similar questions at a sufficiently general level to make them amenable 

to detailed investigation. 

One day while surveying a sample unit in the western margin 

of the Hay Hollow Valley, we encountered Miss Laurie Carter on horse

back (a member of the Carter family who owned much of the Hay Hollow 

iv 
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Valley). She had come to inform us of a fairly large pueblo site nearby. 

Although this site was not within a chosen sample unit, we followed 

Miss Carter to it and assigned it a survey number (N.S. 605). 

N.S. 605, which later became known as the Joint Site, was 

noteworthy in a number of respects. In the first place, it was situated 

less than a mile from the Carter ranch house and as a result was pro

tected from pothunters. Thus, surface sherds and lithics were abundant, 

and only one small depression in the large mound even hinted of damage. 

Secondly, the site was in a grassy clearing surrounded by the ubiquitous 

juniper, some of which held considerable promise as shade for the picnic 

lunches we ate while in the field. And thirdly, an impressive view of the 

entire Hay Hollow Valley was available from the site. Chris White (sur

vey director) and I agreed that a handsome reward might await someone 

who devised a research design requiring the excavation of such a per

fectly delightful site. 

Two years later I was still a member of the Southwestern Ex

pedition and it was my turn to gather dissertation data. My early queries 

about the relationship of past cultural behavior to the formation of the 

archaeological record had developed into a full-blown research interest. 

I had by then written a paper on the subject and given a name, cultural 

formation processes, to what I believed was an undeveloped area of ar

chaeological study. The task ahead was to select a suitable site for 

investigating some of these questions. If I had been the only member of 

the Southwestern Expedition to gather dissertation data that summer, it 

is certain that the Joint Site would not have been dug. It was simply too 

large (36 rooms) for the analyses I envisioned. But in the give-and-take 
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dialog with the other staff members, John Hanson and Frederick Gorman, 

we determined that a pueblo site of 30 to 40 rooms would do the least 

violence to any of our research designs. I suggested that N.S. 605 

would serve our joint purposes. It has served well. 

The study reported in the following pages strongly reflects my 

first summer spent in the Hay Hollow Valley. I am concerned with show

ing how some aspects of the paradigm of the new archaeology need re

vision. The revisions concern the cultural formation processes of the 

archaeological record. Specifically, my intent is to suggest how these 

processes may be taken explicitly into account to increase the confi

dence with which archaeologists make statements about the past. Many 

of the discussions about cultural formation processes draw on data from 

the Joint Site, a Pueblo III ruin occupied around A.D. 1220-12 70. 

Though it deals with the Joint site, this study is not a "site 

report" in any sense. It is a study in archaeological methodology which 

uses examples from the Joint Site. Even so, I am not completely satis

fied with the minor role that I have assigned the Joint Site. Overall, it 

has yielded an extensive set of data, the surface of which I barely ex

pose here. But I also fall far short of achieving all the goals of theory-

revision that I had originally set for myself, although I can now offer 

explanations for why pithouses may be empty. I consider the present 

study, then, as a progress report of a larger project. The nature of aca

demic realities demands, however, that I bring these preliminary inquiries 

to a close. In so doing, I have strived for some semblance of coherence, 

but the reader will be only too aware of inconsistencies, significant 
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lacunae, and the many shortcuts I have taken. Nevertheless, by pre

senting one's work, even in preliminary form, intellectual progress is 

more readily made. 
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ABSTRACT 

This study proposes that the conceptual framework of processual 

archaeology has prematurely ossified without resolving many important 

epistemological, theoretical, and methodological issues. It is suggested 

that most recent discussions of archaeological epistemology fail to raise 

the questions that are crucial to archaeologists; namely, how is it that 

we can know anything about the past from observing archaeological re

mains? And, are any modifications of the normal scientific method re

quired to gain this knowledge? 

In treating these questions, a model of archaeological inference 

is presented that identifies and describes the roles played by several 

kinds of archaeological laws: correlates, c-transforms, and n-transforms. 

C-transforms are the laws pertaining to the cultural formation processes 

of the archaeological record. At present, these laws constitute an unde

veloped branch of archaeological knowledge, the formulation of which 

may allow resolution of a number of important issues. To remedy this 

deficiency in the conceptual framework of archaeology, several ap

proaches are taken. 

First, the general transformation problem is treated. That is, 

how can the archaeological and systemic contexts of remains be related? 

Successful transformations are shown to require dual context lexicons 

and identification c-transforms for specifying the attributes of pertinent 

observational units. 

xix 
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Secondly, a brief review of transformation procedures used in 

Southwest archaeology reveals that neither the culture history nor pro-

cessualist approach gives adequate attention to cultural formation 

processes and the transformation problem. This neglect results from a 

dearth of reliable c-transforms. 

Thirdly, two major sets of c-transforms are presented. The first 

consists of a codification of extant principles that are appropriate for 

making large-scale quantitative transformations. The other set performs 

fine-grained transformations useful for detecting intrasite variability in 

activity structuring. Several principles within this latter set are tested 

by means of factor analyses of simulated refuse data. These tested 

principles are then applied to reconstruct aspects of the behavioral sys

tem operative during A.D. 1220-1270 at the Joint Site, a Pueblo III ruin 

in east-central Arizona. 

The preparation of the Joint Site chipped-stone data for the ap

plication of these transformation procedures is accompanied by a discus

sion of other topics relevant to revising the paradigm of processual 

archaeology. These include the design of typologies for measuring past 

systemic variables of interest and the determination of proveniences 

relevant to one's anticipated analytic units. The test of explicit trans

formation procedures is a success to the extent that a limited number of 

behavioral statements are produced which are supported by transforma

tions and archaeological context observations. 

This study concludes with a plea that more extensive work be 

undertaken to discover behavioral laws useful for describing and explain

ing events of the past. The results of several sample studies carried out 



by undergraduates within a broadly conceived "experimental" or "ethno-

archaeological" strategy are described. Conducted on modern material 

culture of the United States, these studies demonstrate the potential 

inherent in this rarely tapped data source for establishing behavioral 

laws. 



CHAPTER 1 

INTRODUCTION 

At a time when the "new" or "processual" archaeology has 

come of age with the publication of its first textbook by Watson, Le-

Blanc and Redman (1971), I sense both ferment and complacency in the 

discipline. Ferment, manifest in publications and recent symposia, 

focuses on several major avenues of research, including computer anal

ysis, the study of settlement locations, simulations, the design of 

classificatory systems, and model building. The observable ferment 

may be interpreted to mean that archaeology is in a healthy state. How

ever, such an interpretation may be deceiving. Complacency, too, is 

evident in many quarters, and it is symptomatic of a profound neglect 

of the many unresolved epistemological, theoretical, and methodological 

issues of the last decade. Complacency represents a premature closure 

of discussion and debate on a number of important issues. Reid (1973) 

presents a similar argument. 

A period of normal science (Kuhn 1962) has emerged in archae

ology. And as in many normal science periods, basic concepts and 

principles are beginning to submerge into the murky inaccessible depths 

of the discipline whare they can no longer be easily questioned or chal

lenged—until, of course, the next major paradigm clash (Kuhn 1962). It 

is time to step back from the calm of the current archaeological scene 

and ask if the paradigm, or major conceptual scheme, of the sixties 

1 
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under which we now labor is fully appropriate to a genuine scientific 

study of the past. 

Processual Archaeology 

The developments of the sixties, while ushering in substantial 

improvements in theory and method (Martin 1971), did not succeed in 

fully liberating archaeologists from their persistent practices of "inter

preting" rather than explaining their data. To be sure, the concepts 

which facilitate the new interpretations are different, but they are often 

crude and undeveloped. In a sense, we have substituted one set of all-

purpose causes—population pressure, environmental change and stress, 

various forms of intercultural contact, and cybernetic processes of one 

sort or another—for an equally inadequate set of predecessor concepts, 

such as innovation, diffusion, and migration. At the level of explaining 

behavioral and organizational variability and change, much of the new 

has not surpassed the old. We have simply grafted a borrowed, precise-

sounding terminology into a set of inadequately developed concepts and 

overlain the entire frail structure with the appealing magic of mathe

matics and the computer. 

Principles borrowed for the purpose of explaining the events of 

the past are probably sometimes necessary; for example, archaeologists 

should certainly exploit the inventiveness of scientists in other disci

plines, such as cultural anthropology, ecology, and systems engineer

ing. But by borrowing explanatory principles we cannot escape from the 

need for securely documenting the events that must be explained to 
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ensure that there is a close fit between principles and data. To date, 

neither of these important areas has received sufficient attention. 

Archaeologists must be concerned first and foremost with de

vising reliable principles and methods for identifying past variables from 

archaeological remains (Binford and Binford 1968; Binford 1968a, 1968b; 

Schiffer 1972a; Fritz 1972). This is not to say that efforts at explaining 

the past should cease; only that such efforts be coupled to the design 

of appropriate instruments for measuring past variables of interest (Fritz 

1972). To be successful at all, explanation in archaeology must occur 

at two levels. First, the documentation of a specific behavioral or or

ganizational property of a past cultural system functions to explain 

archaeological observations. And second, such documented properties 

become the object of further explanation. It should be clear that suc

cessful explanation of the latter phenomenon is contingent upon the prior 

or concomitant explanation of the facts of the archaeological record 

(Binford 1968b). Many "new archaeologists," in their justifiable haste 

to be relevant to both modern society and anthropology, have short-

circuited the processes of archaeological explanation by failing to con

front and resolve the often complex problems of using archaeological 

data to inform on variables of the past. 

Let the reader be forewarned. If this study is consulted in 

search of ready-made explanations for the abandonment of parts of the 

Southwest, the Pueblo IV population aggregation, the adoption of agri

culture, or any other of the traditional problems that, like voracious 

sponges, have absorbed countless research hours, disappointment will 

result. If, on the other hand, the reader is concerned to ask these 
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questions in new ways and to devise more appropriate techniques for 

their solution, then this work may be of interest. 

In raising the general questions that are the subject of this 

study, no challenge is made to the two most important features of the 

new archaeology—adherence to the scientific method and the use of the 

cultural-materialist strategy. This is not to suggest that either is really 

"new" to archaeology, only that their consistent and self-conscious 

application seems to be a major characteristic of the archaeology of the 

sixties. The scientific method is accepted here because it works, and 

the cultural materialist strategy is accepted because other extant para

digms do not work to explain cultural variability and change (Binford 

1965, 1968a; Harris 1968). Further, the criticisms I offer should not be 

considered to endorse, in any way, shape, or form, other so-called 

critiques of processual archaeology. The comments offered by Bayard 

(1969),Kushner (1970), Johnson (1972), and others seem to be unin

formed on (1) the nature of the traditional paradigm of processual ar

chaeology and its strengths and (2) where this paradigm must be modi

fied so that processualists can achieve their worthwhile aims of 

explaining cultural variability and change. A useful critique of proces

sual archaeology must supply principles, methods, and questions to 

bring these aims closer to realization. 

The paradigm shifts precipitated by the new archaeology oc

curred at many levels. In the areas of artifact classification, sampling, 

use of ethnographic analogy, research design, methodology, and others, 

major reorientations In approach have taken place. But beneath the sur

face of an apparently coherent set of paradigms for archaeological 
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research lies a number of serious inconsistencies, ambiguities, and 

lacunae. These deficiencies in the overall program of the new archae

ology cannot be fully remedied without modest alterations to the lower 

levels of the paradigm hierarchy. This study is aimed at providing the 

epistemological and methodological bases for effecting such changes. 

Reid (1973) is working on similar problems; his work should be con

sulted, for in many important respects it complements the positions 

advanced here and, in some cases, provides better arguments for some 

of the major points . 

That the developments of the sixties did not go far enough in 

important respects is easily demonstrated. The fact is evident that 

much of what stood for archaeology in decades preceding the sixties 

has yet to be reintegrated into the discipline; such reintegration is an 

expectable consequence of a major paradigm change in a science (Kuhn 

1962). For example, the new archaeology has no stated role for exper

tise or the subjective element; yet no one who has done archaeology can 

deny their existence or their contribution to any research project. While 

most of us share the desire to be as explicit as possible in reporting all 

aspects of our research activities, it remains to determine the nature of 

the subjective element and ask how it can be of use to archaeologists. 

Although archaeology is no longer divided into warring camps, the im

pression remains that we are in a state of prolonged cease-fire, rather 

than peace. The reintegration of archaeology as a discipline must re

ceive top priority, and with it must come the resolution of the problems 

left unsolved by the processualists of the sixties. 
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Behavioral Archaeology 

Reid, Rathje, and Schiffer (n.d.) have attempted to lay a 

foundation for the reintegration of archaeology (see also Reid 1973). In 

that paper it is argued that the proper subject matter of archaeology is 

the relationship of human behavior to material culture in any society 

without regard to time or space. This relationship can be approached 

from several directions, depending on the nature of the questions asked. 

The four strategies of a behavioral archaeology, defined on the basis of 

question type, are displayed in Fig. 1 (Reid 1973). 

Past 
Human 
Behavior 

Present 

Figure 1. The Strategies of a Behavioral Archaeology 

Strategy 1 

This strategy is concerned with using material culture that was 

made and used in the past to answer particular descriptive and explan

atory questions about the behavioral and organizational properties of 

past cultural systems. For example, one can ask: What was the popu

lation of this site? When was it occupied? What plant and animal re

sources were exploited by its inhabitants? Why was there a change in 

variable X in a system between two periods of time? Such particular 

questions, bound to specific time-space loci, form the basis of 

Material Culture 

Past Present 
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archaeology as it has been traditionally defined, whether it is prehis

toric, classical, or historical. It should be emphasized that particular 

questions can deal with both the description and explanation of past 

events and system properties (Binford 1962). 

Philosophers of science have repeatedly noted that even disci

plines concerned with the explanation of particular historical events 

require laws (Nagel 1961). Archaeologists working within Strategy 1 

are thus law users (Trigger 1970). But these archaeologists are often 

unaware that even the simple documentation of any past event or be

havior from archaeological remains—let alone its explanation—requires 

the use of laws (Schiffer 1972a). I define "law" (or experimental law) 

to include all statements that relate two or more operationally defined 

variables. Such statements must also be free of specific temporal or 

spatial referents. Used in this sense, laws are general statements with 

empirical import. They need not be "true." Theoretical laws (Nagel 

1961) constitute another domain entirely that is not within the scope of 

the present discussion. 

The question naturally arises as to the source of these laws. 

It has usually been argued that they derive from cultural anthropology 

or other social sciences (Trigger 1970), and it is now quite fashionable 

to discuss the interrelationship of archaeology and ethnology (Chang 

1967a, 1967b), even though it is said to involve a one-way flow of 

general laws. While it is certainly true that some laws have been bor

rowed from other disciplines, especially cultural anthropology, many 

archaeologists simply make ad hoc assumptions that function as laws 

and fail to recognize the gaps in their conceptual tool kit. 



8 

Still other archaeologists have come to the realization that a 

science is likely to produce only the laws for which it has a use, and 

there is no reason to expect that cultural anthropology, or any other 

discipline, has a need for and has produced the same kinds of laws 

needed to describe and explain the events of the past (Schiffer 1971a). 

The thrust of this realization has been the development of Strategy 2 of 

behavioral archaeology. 

Strategy 2 

Research within this area of behavioral archaeology is charac

terized by the examination of modern material culture for the purpose of 

deriving or testing laws which relate various material, spatial, and en

vironmental variables to organizational and behavioral variables of a 

cultural system. The questions that such archaeologists ask are general 

questions, such as: What are the traces of various techniques of manu

facture on a given type of material? What is the relationship between 

the population of a site and its habitation area? How long does it take 

various materials to decay under given conditions of deposition? Why 

are whole, usable items discarded? These are general questions be

cause they are not bound to specific time-space referents. The answers 

to these questions take the form of experimental laws (Nagel 1961). 

Experimental archaeology (Ascher 1961), action archaeology 

(Kleindienst and Watson 1956), and ethnoarchaeology (Oswalt and Van 

Stone 1967) are terms applied to variants of Strategy 2. One can dis

tinguish two major types of research design within this strategy. The 

first, probably the one more aptly called experimental archaeology, 
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consists of carefully contriving a situation in which to observe the inter

action of selected variables. In this type, the archaeologist can control 

the relevant variables and boundary conditions by direct intervention and 

manipulation. The second type of research design requires the observa

tion of interacting variables in an ongoing system that is selected on the 

basis of certain boundary conditions. This latter approach might be 

termed ethnoarchaeology. 

Several major trends and shortcomings characterize much of the 

research undertaken to date within Strategy 2. Although many of these 

studies have produced interesting and sometimes useful results, in 

general they have been restricted in the scope of the variables examined. 

Most studies deal with manufacturing behavior, the traces of use wear 

on specific artifacts, or various processes of decay and noncultural 

deposition (Heizer and Graham 1967; Clark 1960; Hole and Heizer 1969). 

But within this strategy is contained the entire domain of behavioral and 

organizational variables intersected by material, spatial, and even en

vironmental variables. Recently Saraydar and Shimada (n.d.) have ex

plored directions in which experimental archaeology might go. And in 

the final chapter of this work, the results of several recent innovative 

studies are reported. One looks forward to the time when the full poten

tial of Strategy 2 is realized. 

Not only ere these studies, taken as a body, narrow in scope, 

but they are also widely scattered in the literature and unsystematized. 

Many studies are purely descriptive, and others fail to express results 

in lawlike form. A bibliography of experimental archaeology (Hester and 

Heizer 1973) is not sufficient to salvage the useful principles; instead 
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one must extract the laws and group related ones together. Only then 

can we discover what is undiscovered and increase the set of laws use

ful for understanding the past. 

Strategy 3 

In the sixties, several archaeologists explored the possibility 

of understanding aspects of contemporary behavior and thereby contribut

ing directly to cultural anthropology (Binford 1962) and modern society as 

a whole (Fritz and Plog 1970; Martin 1971; Martin and Plog 1973) by test

ing laws concerning the long-term processes of cultural change on mate

rial culture from the archaeological record. To date, only a few studies 

specifically aimed at exploiting the unique properties of the archaeologi

cal record, such as time-depth, have appeared (for example, Leone 

1968; Plog 1969; Zubrow 1971a). Unfortunately, some of this work is 

blemished by imperfect attention to the problems inherent in the use of 

archaeological data for the measurement of past systemic variables. 

This is not to deny the useful role of such research in stimulating addi

tional efforts at making the study of past material culture relevant to the 

study of modern human behavior. I simply wish to point out that in the 

future these projects must make better use of the knowledge derived from 

Strategies 1 and 2 in order to make their results credible. 

The archaeological record would seem to be an ideal laboratory 

for studying the interaction of variables as they cycle through long-term 

change processes and for answering general questions about cultural 

change. One hopes that further research in Strategy 3 will define the 

role that archaeologists studying long-term interaction of variables in 

the archaeological record can play in contributing to an understanding of 

human behavior. 
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The development of Strategies 1, 2, and 3 of behavioral archae

ology has resulted in the accumulation in one form or another of a set of 

principles, methods, and techniques for the study of human behavior 

through material culture. It was only a matter of time before some ar

chaeologist would suggest that this methodological corpus could be 

applied to modern material culture for the purpose of answering particu

lar questions about modern human behavior (Reid and others n.d.). 

In a creative project now (1973) under way at The University of 

Arizona, "William Rathje and Frederick Gorman are examining selected 

bags of modern garbage from Tucson, Arizona, in order to derive infer

ences about patterns of behavior related to consumption among different 

socioeconomic groups in urban society. They hope to demonstrate that 

traditional information about such behavior, normally acquired through 

various interview and questionnaire techniques, is subject to intrac

table biases introduced through intentional and unintentional means 

(see also Watson and others 1971). Strategy 4 was the subject of a 

symposium presented at the 1973 Annual Meeting of the Society for 

American Archaeology at which a number of interesting applications were 

reported. 

Integrating the Strategies of 
Behavioral Archaeology 

The development of Strategies 3 and 4 or, let us say, their 

explicit statement in programmatic form is leading to a redefinition of 

the field of archaeology based on a broader conception of the nature of 

its subject matter. It is no longer possible to view archaeology merely 
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as the study of the past. To be sure, question in Strategy 1 will properly 

continue to occupy the major portion of the research efforts of individuals 

choosing to call themselves archaeologists, but a more productive view 

of the field as an integrated whole focues on the study of human behav

ior in its spatial-material-environmental matrix, irrespective of temporal 

and spatial provenience. In this view, the study of modern coke bottles 

is as much a part of archaeology as the study of Mesoamerican tripod 

bowls (see also Deetz 1972; Leone 1972). 

Viewed as a conjunction of the four strategies outlined above, 

archaeology is not simply a loose aggregation of subfields. Instead, 

integration of the strategies is achieved through a constant, but not 

necessarily instantaneous, exchange of various kinds of general ques

tions and answers to them. 

It should be clear that Strategies 1 and 4, concerned, respec

tively, with answering particular questions about the past and present, 

cannot exist without Strategies 2 and 3 to provide laws. On the other 

hand, particular questions raised within Strategies 1 and 4 can lead to 

the discovery that no appropraite laws are available. This impasse is 

resolved when a general question, formulated and fed into Strategy 2 

or 3, serves as a basis for law construction and testing. Strategy 2 is 

primarily concerned with the laws most efficiently tested within ongoing 

behavioral systems. In Strategy 3, however, the archaeological record 

is employed to test laws about the long-term processes of cultural 

change. 

One of the best recent examples of the interaction of strategies 

is provided by Binford's (n.d.) ethnoarchaeological studies among the 



Nunamiut Eskimo. This research was prompted by a wish to derive laws 

of cultural deposition pertaining to nonsedentary populations. These 

laws, unknown at the present time, are required for explaining varia

bility in Mousterian assemblages, a problem of concern to the Binfords 

for a number of years (Binford and Binford 1966). Although Lewis Binford 

has undertaken research in both Strategies 1 and 2, it is not necessary 

for a single individual to be competent in or contribute to all four strat

egies. It is necessary, however, that if the particular questions raised 

within Strategies 1 and 4 are to be successfully answered, the discipline 

as a whole must support studies in Strategies 2 and 3. 

Not only does the flow of laws and general questions firmly 

bind the strategies of behavioral archaeology into a coherent discipline, 

but a closer consideration of the role of laws in archaeology leads to 

the resolution of many of the major unresolved problems in processual 

archaeology. It is the discussion of some of these issues that comprises 

the substance of this study. 

Major Issues in Behavioral Archaeology 

An important debate, consuming many recent book and journal 

pages, concerns several related aspects of archaeological epistemology. 

The roles of inductive and deductive reasoning, the contrasts in deduc

tive and inductive research programs, and appropriate models of scien

tific explanation to be used by archaeologists are among the most 

prominent issues. I shall argue that these issues, which frequently 

degenerate into vacuous philosophical debates, are largely irrelevant. 

The crucial issue for archaeologists—as archaeologists, not philosophers 

—is what modifications in the normal scientific method, if any, are 
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required for coping with archaeological data to derive information about 

the past. In order to answer this question, I undertake a study of ar

chaeological inference which concentrates not on the processes of 

deriving inferences—which may vary with situational constraints on 

research—but on the logical structure of inference justification. 

I shall present a synthetic model of archaeological inference 

which identifies and describes the roles played by the most important 

varieties of archaeological laws in making observations on the archaeo

logical record relevant to documenting past systemic properties of inter

est. Although many investigators have argued that lawlike statements 

are already in use by archaeologists (Watson 1970; Fritz and Plog 1970; 

Schiffer 1971a, 1972a) and that their formulation and testing are an ur

gent task (Binford n.d.; Schiffer 1969, 1971a, 1972a), it still remains 

to be demonstrated why both of these statements are true. The follow

ing synthetic model of inference and its implications is intended to 

accomplish these tasks. 

An important by-product of the synthetic model is a proper un

derstanding of the nature and role of the subjective element in archaeo

logical research (Thompson 1956). The subjective element is simply a 

way for accounting for variability in the competence of individual inves

tigators. The synthetic model recognizes this individual variability and 

offers an explanation for it in terms of the differential possession and 

use of archaeological laws. Reid (1973) also discusses these aspects of 

the research endeavor in which expertise plays an important role. 

The synthetic model also attempts to demonstrate that complete 

justification of an archaeological inference requires a consideration of 
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cultural formation processes (Schiffer 1972b). Cultural formation pro

cesses may be thought of as the "missing link" in past attempts to 

account for how knowledge of the past is acquired from the observation 

of present remains. Cultural formation processes operated in the past 

(and operate today) to transform ongoing cultural systems into archaeo

logical remains. It is only by accurate modeling of the transformations 

produced by cultural formation processes that the investigator can link 

the archaeological record with the past cultural system under study. 

In much of the literature of the new archaeology, the explicit 

testing of hypotheses facilitated by deductively drawn test implications 

is vigorously advocated (Binford 1968a; Hill 1970a; Watson and others 

1971; Fritz and Plog 1970; Plog 1968). From reading these statements 

one gains the impression that the process of deducing test implications 

is mechanical and straightforward. On closer inspection, it is revealed 

that the process is poorly understood and is subject to the vagaries of 

individual investigators. Although some test implications are drawn 

directly from ethnographic data (see Hill 1970a), many others simply 

appear with no evident justification. This study tries to show how cul

tural formation processes can play a part in the process of deducing test 

implications and lead archaeology out of this impasse. 

The major thrust of this study is to demonstrate the above ar

guments through (1) a test of parts of the synthetic model on actual 

archaeological inferences; (2) systematization of extant laws of cultural 

formation processes; (3) the development of additional laws of cultural 

formation processes; and (4) the application of some of these laws to

ward the reconstruction of past activities and activity locations of a 
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chipped stone assemblage recovered under my supervision from the Joint 

Site in east-central Arizona. 

A number of other issues germane to revising the paradigm of 

the new archaeology are considered as a result of the Joint Site analysis. 

One of these involves the interpretation of absolute dates, a problem 

which is illuminated by the consideration of cultural formation pro

cesses. Another issue which receives attention is how one can relate 

units of observation to units of analysis. Binford (1968a, 1972) raises 

this important issue, but only Reid (1973) has treated it from the per

spective of cultural formation processes. 

Another topic considered in this work concerns the construc

tion of class if icatory devices for measuring past systemic variables. It 

is now generally agreed that the selection of specific attributes for type 

construction depends on the investigator's problem (Bowman 1970; Evans 

andHilln.d.; Watson and others 1971). However, beyond this funda

mental insight, few guidelines exist for the selection of relevant attri

butes from among the infinite set discernible on any object or class of 

objects. Once again, implications of the synthetic model help to resolve 

this problem, but not in an altogether satisfying way. And finally, in 

attempting to use the provenience classes set up during the excavation 

of the Joint Site, I am led to rethink the concept of provenience as it 

relates to the derivation of relevant analytic units. 

This study concludes with another plea that archaeologists 

undertake additional research in accordance with a more broadly con

ceived Strategy 2 of behavioral archaeology. Without the derivation and 

testing of the laws of archaeology, little progress can be expected in 
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achieving the worthwhile aims of the strategies of behavioral archae

ology. The purpose of this study is to make a small contribution to the 

overall project by considering cultural formation processes of the 

archaeological record. 



CHAPTER 2 

A SYNTHETIC MODEL OF ARCHAEOLOGICAL 
INFERENCE 

The basic question that underlies this chapter is: How do 

archaeologists acquire knowledge of the past? This question can be 

interpreted in two ways. The first is the procedural or methodological 

aspect of knowledge acquisition, and the second is the logico-empirical 

structure of the justification of knowledge (Harvey 1969). In other words, 

one may interest oneself in the processes of gaining knowledge or in the 

products of knowledge, or both. 

The processes of knowledge acquisition have been the subject 

of many recent papers in archaeology. Beginning with the early work of 

Thompson (1958), archaeologists have provided several models of the 

processes used to generate understanding of the past (Binford 1968a, 

1968b; Clarke 1968; Fritz 1968, 1972; Fritz and Plog 1970; Grebinger 

1970; Hill 1970a, n.d.; Mayer-Oakes 1969, 1970; Swartz 1967; Tuggle 

1970; Tuggle, Townsend and Riley 1972; and others) . The most recent 

work by Fritz (1972) is an important synthesis which will serve for a 

considerable period of time to acquaint archaeologists with the major 

issues in general methodology. 

In stark contrast to the adequate understanding of archaeolog

ical procedure stands the rather poor understanding of the product and 

justification of archaeological inference. In the context of the "meth

odological debate" (Hill n.d.) the nature of the concepts which underlie 

and make credible the substantive applications of all methodologies has 

not been discussed, nor have the ways in which these concepts are 
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logically related to one another, to the data, and to knowledge of the 

past. In this chapter I propose a general answer to the question of how 

archaeologists gain knowledge of the past. The nature and function of 

general types of archaeological concepts are examined. A synthetic 

model of inference is presented in which these concept types and their 

interrelations are specified. This model examines the superficially con

flicting views of Binford and Thompson on the nature of knowledge justi

fication, revealing a basic agreement that has been largely obscured by 

the methodological debate. Several other topics relevant to archaeolog

ical epistemology are also investigated, including the subjective element 

in archaeological inference and the processes of concept acquisition. 

Preliminary Discussion 

Definitions 

Some preliminary definitions are in order. Archaeological 

knowledge is defined as consisting of the laws that are employed im-

licitly or explicitly to retrieve knowledge of the past from archaeological 

data. In confining the meaning of archaeological knowledge to sets of 

laws, I do not imply that other kinds of knowledge are unimportant. I 

simply desire to discuss the portion of the conceptual repertoire of 

archaeology that consists of lawlike statements. Archaeological knowl

edge is largely covert at this stage in the development of archaeology, 

and therefore it is necessary to digress at this point and explain more 

fully my use of the term "law" in connection with these archaeological 

principles. 
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Philosophers of science employ "law" as a technical term to 

denote certain relational statements having empirical content which 

function as major premises in the explanations of a discipline. Nagel 

(1961) refers to them as "experimental laws," while Hempel (1966) uses 

the designation "cover law." In applications of these terms, no conno

tations of immutability or compulsion need inhere. Laws are simply one 

kind of relational statement which function (in conjunction with other 

information) to explain or predict empirical phenomena. For purposes of 

this paper, the philosophical perspective on laws is maintained. A law 

is a statement relating two or more operationally defined variables 

(adapted from Hempel 1966). Because many relational statements of 

archaeological knowledge possess these properties and also function 

to explain and predict empirical phenomena, the appropriate designation 

in the absence of any other specific term is law. This usage naturally 

leaves one ample room to subject all such relational statements to dis

cussion, retesting, or in most cases extraction from the literature and 

initial testing. Relational statement, principle, and sometimes lawlike 

statement are used here as synonyms for law as just defined. Archaeo

logical knowledge, then, consists of these kinds of principles. 

An inference is a descriptive statement of high probability about 

past cultural behavior or organization. By this definition, a tested hy

pothesis becomes an inference. Inference justification is the archae

ological knowledge and data—and their structure—that give an 

inference its credibility. 



Prior Knowledge 

Of the many archaeologists taking part in the methodological 

debate, only Binford and Thompson have given any attention to the 

logico-empirical structure of inference justification. Fritz (1968:24-25) 

has interpreted Thompson's views on the nature of archaeological knowl

edge and data as follows: 

I interpret Thompson as saying 1) that evidence or data have 
qualities or potentialities, 2) that some such qualities (in
dicative ones) suggest conclusions about characteristics 
which are not directly observable, and 3) that these qualities 
describe actual potential conclusions. . . . I believe Thomp
son is stating his belief that archaeological data have certain 
inherent properties or essences. These essences exist prior 
to and independent of an observer. They have potential, how
ever, for suggesting or telling an observer something about 
themselves (emphasis in original). 

If this interpretation of Thompson's views were correct, it would have 

the following implication: because the mind of the observer plays a 

passive role in responding to the indicative qualities of the data, any

one, regardless of training, can offer inferences when confronted by 

archaeological data, and inferences offered by different observers will 

be identical. Clearly Thompson's (1958:8) call for continued education 

in anthropological data and knowledge, as well as his (1958:5) emphasis 

on the importance of individual differences in background and experience, 

demonstrates that Fritz's interpretation is incorrect. Thompson is thus 

shown to be well aware of the role played by principles held by an ob

server in acquiring and justifying knowledge of the past. 

Binford (n.d.), too, discusses the important part played by 

principles in linking hypotheses about the past to observations in the 

archaeological record. He (1968a, 1968b) terms these "arguments of 
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relevance." Unfortunately, these all-important links are not discussed 

in any detail. If both Binford and Thompson, among many other investi

gators (Bennett 1943; Clark 1972; Lowther 1962; Taylor 1948; and 

others), recognize the importance of prior knowledge and its necessary 

articulation to both archaeological data on the one hand and statements 

about the past on the other, then a basis has been prepared for the con

struction of a synthesis of the nature of archaeological knowledge and 

the justification of archaeological inference. 

The Synthetic Model 

The basic problem in constructing this synthetic model is to 

determine the general nature of archaeological knowledge. The model 

presented here is based on what I suggest is the archaeological knowl

edge required to solve the problems which confront every archaeologist 

as a result of the three basic properties of archaeological data: 

1. They consist of materials in static spatial relationships, 

2. They have been output from a cultural system in one way or 

another, and 

3. They have been subjected to the operation of noncultural 

processes. 

Because a solution to each of these problems must be reached in the 

justification of any inference, three sets of laws, or at least assump

tions within each problem domain, are employed. I now present the 

basic problems in greater detail and discuss the corresponding law sets. 
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Correlates 

Let us begin by visualizing an ongoing cultural system. Such 

a system consists of material objects, human actors, foods, fuels, and 

is manifest in the repetitive occurrence of activities. What one pictures 

is a system of action—of energy transformations and material flows oc

curring in space. If the human participants and all other energy sources 

completely halt their actions, the activities cease, as does the opera

tion of the behavioral system. What remains (assuming no modification 

by other processes) is the closest conceivable approximation to a 

"fossil" of a cultural system—its material elements in a system-relevant 

spatial matrix. While most archaeologists would gratefully accept a site 

produced under those conditions, when confronted by one, there would 

still be a major problem left to solve by the application of laws before 

inferences could be made. 

Because the data themselves are totally silent and do not ap

prise the archaeologist of the ways artifacts once participated in a 

behavioral system or how they reflect the organization of that system, 

a set of relational statements must be acquired and applied to the 

materials. These statements relate behavioral variables to variables of 

material objects or spatial relations (Binford 1962:219; Struever 1968a: 

134; Adams 1968:210; Ascher 1962:360). They may also involve organi

zational variables. Such statements have the important property of being 

operationally definable and therefore testable in an ongoing cultural 

system. Principles of this sort, without which no archaeologist could 

possibly know anything about the operation of a cultural system—past 

or present—by observing its material objects and their spatial relations 



are here termed "correlates." I have elsewhere referred to these con

cepts as "arguments of relevance" (Schiffer 1972a, 1972b), but that 

usage is misleading. In a strict sense, all principles that serve to link 

an inference to specific archaeological observations are arguments of 

relevance (Binford 1968a:23, 1968b:273). 

Correlates are a subset of the principles that Binford terms 

"arguments of relevance," and a subset of the principles that Thompson 

calls "generalizations" (Thompson 1958:6). The problem is more general, 

however, than Thompson suggests. Relating particular artifact types to 

behavior, if that is possible at all (compare Dunnell 1971), comprises 

only a small portion of the correlate domain—principles of which may 

relate any material or spatial variables of a functioning cultural system 

to any variables of behavior or organization which are not in themselves 

directly observable in the archaeological record. 

One important kind of correlate relates variables of behavior to 

variables of material objects. Such correlates are often (but not ex

clusively) used to infer the manufacturing operations that produced an 

element, or the use to which it was put. Statements that relate the 

fracturing properties of a lithic material and the particular applied forces 

to attributes of the resultant products and byproducts are examples. 

Crabtree's (1968) experiments on the removal of blades from polyhedral 

cores have produced many correlates of this type: 

Assuming that obsidian has been properly preformed into a core 
with ridges, the platform is ground until it has the appearance 
of frosted glass. . . . The pressure crutch has been made, 
and the specimen is now ready for removal of the first blade 
(Crabtree 1968:463). 



25 

Blade types are governed by the manner in which the pressure 
tool is placed on the edge of the core. The triangular blade 
is made by directly following one ridge, and the trapezoidal 
type is made by positioning the tip of the pressure tool in line 
with but between, two ridges (Crabtree 1968:465). 

Armed with this correlate (and several others not made explicit), an 

investigator examining materials in the hypothetical stalled cultural 

system could recognize the attributes of certain artifacts and waste 

products as indicative of a particular kind of manufacturing behavior. 

Or looked at another way, if he were seeking to identify this kind of 

behavior, the application of the correlate would readily produce test 

implications. 

Correlates are often exceedingly complex and may involve 

multiple variables of behavior, system organization, spatial relations 

and material objects (see Rathje n.d. for an example of a correlate re

lating social mobility to status symbols). The terms "behavioral-

material" or "behavioral-spatial-material" or any other meaningful com

bination may be applied to these laws. Despite the potential complexity 

in both concepts and terminology, all correlates function in inference 

justification by allowing the derivation or identification of some aspects 

of an operating cultural system from knowledge of those aspects, spa

tial and material, which are present in the archaeological record. 

G-transforms 

The formulation and use of correlates is the procedure that 

archaeologists employ to solve the problem posed by the nonbehavioral 

nature of archaeological data. The second problem, solutions to which 

also lie embedded in the justification of any inference, requires the 
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construction and use of concepts that relate variables of an ongoing 

cultural system to variables describing the cultural deposition or non-

deposition of its elements. 

It is possible to define the nature and function of these con

cepts more precisely by returning to the hypothetical cultural system. 

If the operation of the energy sources resumes, one notes that con

tinuous activity results in periodic outputs of exhausted tools, waste 

products of food and fuel consumption, obsolete items, and others. 

Items discarded during the normal operation of a cultural system con

stitute the major source of the archaeological record. Another source 

of materials that begins a path to the archaeological record is de facto 

refuse, produced when the inhabitants abandon a site and leave usable 

materials behind (Schiffer 1972b). 

The general problem of cultural formation processes typified 

by normal outputs, de facto refuse, and other sources is taken into 

account by laws of the cultural formation processes of the archaeolog

ical record (Schiffer 1972b). These principles permit an investigator 

to specify the ways in which a cultural system outputs the materials 

that may eventually be observed in archaeological context. Application 

of these laws is necessary to relate the past qualitative, quantitative, 

spatial, and associational attributes of materials in systemic context 

to materials deposited by the cultural system. Such laws are termed 

c-trans forms. 

Unfortunately, c-transforms are the most seriously embedded 

principles of archaeological knowledge; the necessity of their use is 

generally unacknowledged and a very few of them have been made 



explicit (Schiffer 1972b). One hypothesis that functions within the c-

transform domain is that 

. . . with increasing site population (or perhaps site size) 
and increasing intensity of occupation, there will be a de
creasing correspondence between the use and discard loca
tions for all elements used in activities and discarded at a 
site (Schiffer 1972b:162; emphasis in original). 

Employing this principle (untested though it is) one can justify the use 

of data from limited activity sites (Wilmsen 1970) to postulate locations 

of past activity performance, since most elements of such a site are 

discarded at their locations of use (assuming no modification of spatial 

relationships by subsequent processes). Many inferences which rest on 

similar c-transforms are found in Binford and others (1970) and Brose 

(1970); in both of these monographs the assumption of a correspondence 

between use and discard locations for many classes of debris is made. 

Other c-transforms relate quantitative variables of a cultural 

system to quantitative variables of cultural deposition. For example, 

Howells (1960) developed several c-transforms which allow the recon

struction of site population size through the use of data from the re

trieved burial population. 

Superficially, c-transforms resemble correlates. At one level 

they both apply to the dynamics of ongoing cultural systems. But only 

c-transforms contain information about system outputs, such as discard 

rates, discard locations, loss probabilities, burial practices, and 

others. Only c-transforms can be used to predict the materials that will 

leave systemic context. 



N-transforms 

The last major problem presented by the nature of archaeolog

ical data concerns the post-occupational changes in site and artifact 

morphology caused by noncultural processes, such as wind, water, 

rodent activity, chemical action. Noncultural formation processes are 

taken into account in inference justification by the use of principles 

which I designate n-transforms. N-transforms are the most highly de

veloped area of archaeological knowledge, and there are many explicit 

laws. As two simple examples of n-transforms, I note that pottery is 

preserved under all soil conditions, while bone is destroyed in acidic 

soil. Other examples of n-transforms may be found in works by Clark 

(1960), Hole and Heizer (1969), and others. All n-transforms allow the 

archaeologist to predict the interaction between variables of culturally 

deposited materials and variables of the noncultural environment in 

which the former materials are found. 

Stipulations 

It has been argued thus far that archaeological knowledge con

sists of correlates, c-transforms, and n-transforms. These three sets 

of laws permit a complete "transformation" to be made between materials 

in archaeological context and materials in their past systemic context. 

To complete the synthetic model of inference, several elements must be 

added. In the first place, one must often make assumptions within the 

domains of the three concept sets. These additional but necessary bits 

of information are here termed "stipulations." I have deliberately re

frained from calling these bits of information "assumptions." The point 
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to be emphasized is that they are assumed or stipulated only in a 

specific inference justification; in principle, stipulations are subject 

to independent testing. Assumptions, on the other hand, seem never 

to be tested. 

Stipulations convey information about other conditions that 

were present in the past. These may pertain to the cultural system under 

study, its natural and cultural environment, or even to subsequent cul

tural systems. As an example, in applying Howells' c-transforms dis

cussed earlier, it is necessary to stipulate that population remained 

constant during site occupation. 

In addition to archaeological knowledge, stipulations, and the 

inference itself, the completed synthetic model requires that inference 

justification include statements about observations made on the archaeo

logical record. Figure 2 illustrates this structural model of archaeolog

ical inference and inference justification. 

Archaeological Explanation 

The synthetic model specifies that the explanation of 

archaeological observations is achieved when they are shown to be the 

expectable consequence of the relevant laws and initial conditions (see 

also Fritz and Plog 1970; Watson, LeBlanc, and Redman 1971), The in

ference itself and stipulations are seen as the relevant initial and boun

dary conditions, while correlates, c-transforms, and n-transforms 

constitute the laws. Together, these statements function to explain 

aspects of the archaeological record. In other words, a given behavioral 

or organizational property, other features of a past cultural system and 
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OBSERVATIONS ON THE ARCHAEOLOGICAL RECORD 

Figure 2. The Synthetic Model of Archaeological Inference 
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its environment, post-depositional variables, and the relevant laws 

provide the conditions to account for (or allow the prediction of) aspects 

of material items and their interrelationships in the present. When 

coupled to stipulations and laws, an inference is justified to the extent 

that it makes certain archaeological observations expectable. Of course, 

alternative inferences and explanations are never precluded. 

I propose that this model is in full accord with the views of 

Binford and Thompson on the nature of inference justification. I have 

attempted to describe the relationships between their methodological 

models and the structural model of inference and inference justification 

presented here. Examination of Figure 3 demonstrates that in all respects 

the models of Binford and Thompson can be subsumed by the more general 

synthetic model. , 

The Uxorilocality Inference 

Abstract discussions of concept types and logical relations are 

seldom adequate to explain a model and its uses. Therefore, I shall at

tempt to illustrate the synthetic model by analyzing a specific inference 

with respect to its underlying justification. The inference to be examined 

is the identification of uxorilocal residence (units) at the sites of Carter 

Ranch (Martinand others 1964; Longacre 1968, 1970a) and BrokenK Pueblo 

(Martin, Longacre and Hill 1967; Hill 1970b). These inferences stand 

particularly vulnerable to close examination because many of the under

lying principles and stipulations have been published previously by 

Longacre and Hill. In this discussion I treat only that part of the justi

fication that concerns the spatial distribution of ceramic elements. In 
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addition, problems of the contemporary occupation of residence areas 

and the statistical interpretation of nonrandom patterning are not dis

cussed. And finally, no alternative inferences and justifications are 

presented that could account for the same archaeological phenomena. 

Longacre (1970a:28) states the major hypothesis (a correlate) 

as follows: 

Social demography and social organization are reflected in 
the material system. In a society practicing postmarital 
rules stressing matrilocality, social demography may be 
mirrored in the ceramic art of female potters; the smaller 
and more closely tied the social aggregate, the more details 
of design would be shared. 

The next statement that "differential relative frequencies of designs 

may suggest the delimitation of various social aggregates" (Longacre 

1970a:28) does not follow as directly as Longacre implies. In this 

example he attempts to spell out the nature of some of the correlates 

that underlie his analysis. What he does not present, nor does Hill, 

are the important remaining correlates and transforms that are embedded 

in the justification of this inference. 

The incomplete presentation of the uxorilocality inference 

justification by Longacre and Hill has had an impact on research under

taken after and stimulated by their early published statements (Longacre 

1964; Hill 1966). Stanislawski (1969a:30), for example, has set out 

among the modern Hopi to examine "... the method of Hopi pottery 

training, and the association of family unit and pottery style or type." 

This research, while interesting in its own right, is completely irrelevant 

with respect to testing the concepts justifying the uxorilocality inference 

(see also Longacre 1970b). Had Stanislawski attempted the analysis 



undertaken here with benefit of the synthetic model, he would have 

discovered an essential implicit stipulation (which can also be repre

sented as a correlate). This stipulation is that the social unit of pottery 

manufacture is the same as or a subset of the social unit of pottery use. 

This is certainly not the case among the modern Hopi. Most of their 

pottery has been made for export since the ceramic art was revived there 

before the turn of the last century; only a very few pots are actually 

used by Hopi households. And although Stanislawski (1969b: 12) is aware 

of these conditions, the implications seem to escape his notice. I sus

pect that if one were to excavate a modern Hopi village, such as 

Sichomovi, after it had been abandoned, one would have difficulty in 

demonstrating that pottery had been made there in the twentieth century. 

Only under the above conditions of use-manufacture social unit relation

ship would one expect designs to be transmitted intergenerationally 

within a localized social unit. 

In addition to the stipulated relationship between the social 

units of pottery manufacture and use, an implicit c-transform (or stipu

lation) underlies this inference. The tables presented by Hill (1970a:39, 

1970b:63) and Deetz (1965:93) purport to represent relationships between 

postmarital residence patterns and the intrasite spatial distribution of 

female- and male-associated style elements. Such relationships totally 

neglect factors of cultural deposition. Hill (1970b) has termed these re

lationships "correlates," and they do meet the definition for correlates 

presented above. Such statements relate a behavioral aspect of a cul

tural system (marital residence pattern) to material variables (ceramic 

design elements) and spatial variables (design element distributions). 



As such, they contain no terms that deal with aspects of the archaeo

logical record. 

Using such principles, one might be able to infer residence 

pattern by examining design element distributions in a modern community 

(making the appropriate stipulations), but only by inclusion of 

c-transforms and n-transforms (or stipulations within those domains) can 

one make a complete linkage to archaeological observations. Unless 

one assumes that at least some pottery was discarded or abandoned at 

the location of pottery use, there are no reasons whatsoever to expect 

the occurrence of a nonrandom distribution of design elements in the 

rooms where the pottery was used. This aspect of the inference justifi

cation has to date been overlooked but is as essential to the rigorous 

explanation of the data (and the justification of the inference) as any 

other aspect. Limitations of space prevent a detailed presentation of 

the complete justification for the uxorilocality inference. But the entire 

justification as I have reconstructed it is presented in Table 1. 

Examination of Table 1 illustrates that the entries in any of the 

law domains can be presented as either a stipulation or a relational 

statement. A stipulation can be readily changed into the respective re

lational statement; that is, it becomes a law which species the former 

stipulated information in one term and one or more additional variables 

of the past system under examination in its other term. This leads 

through another logical path to the archaeological data. For example, 

the stipulation that the use and manufacture social units are related 

could be transformed into a general statement: in villages where pottery 

is made without wheels or molds and there is no intervillage exchange 
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INFERENCE: Localized uxorilocal residence units 

CORRELATES STIPULATIONS 

If there is uxorilocality, and the social 
unit of pottery manufacture is equivalent 
to or a subset of the social unit of pottery 
use, and there is matrilineal transmission 
of style, then uxorilocal units will be 
equivalent to design units and there will 
be more sharing of designs within units 
than between units. 

The social unit of 
pottery manufacture 
is equivalent to or 
a subset of the 
social unit of use. 

Women make the 
pottery 

3. 

If the social unit of pottery manufacture 
is equivalent to or a subset of the unit 
of use, and women make the pottery, then 
there will be matrilineal transmission of 
style. 

If uxorilocal residence units are localized, 
then by (1) and (2) above, there will be 
differential relative frequencies of design 
elements in the community corresponding 
to the various uxorilocal residence units. 

C-TRANSFORMS STIPULATIONS 

If an item is discarded or abandoned at 
its location of use, when found in the 
archaeological record at its discard 
location, it will also be at its use 
location. 

Some pottery is dis
carded or abandoned 
at its location of use 
and the elements on 
this pottery are a 
representative sample 
of the design ele
ments made by the 
manufacture unit. 

N-TRANSFORMS STIPULATIONS 

1. Pottery paste and fired-on design ele
ments are preserved under all soil 
conditions. 

1. There is no post-
occupational dis
turbance at the 
site. 
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N-TRANSFORMS—Continued 

2. Items will remain at their locations of 
discard unless there is post-
occupational disturbance of the site. 

ARCHAEOLOGICAL OBSERVATIONS 

1. At the site in question, there will be 
differential relative frequencies of pottery 
design elements across residential areas. 
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of the pottery under question, the social unit of pottery manufacture is 

the same or a subset of the social unit of pottery use. One can then 

either stipulate that the conditions for the applicability of this law are 

met (such as handmade pottery with no external exchange) or produce 

other correlates and transforms that specify which sets of data at that 

site would tend to confirm the presence of these prior conditions. 

This discussion is not intended to be the last word on the 

uxorilocality inference—other reconstructions are both possible and 

desirable (see Binford 1968c:270; Watson and others 1971:34-37; Allen 

and Richardson 1971). Relevant tests of the actual principles that justify 

it must still be produced. However, the examination of the inference 

with benefit of the synthetic model has indicated what some of these 

additional principles might be. 

Subjective Element 

Turning from specific applications of the inference model, I 

shall now examine more general issues of archaeological epistemology 

on which the model may be expected to shed some light. It is now pos

sible to lay to rest the stubborn issue of the role of the subjective ele

ment in archaeological inference. In the first sustained study of the 

subject, Thompson (1956, 1958) argued that inference contains a sub

jective element. He (1958:4) states: 

The ability to recognize the indicative quality of the data is 
therefore a first requisite for the archaeologist who hopes to 
reconstruct the context of the specimens which he discovers. 
This ability is, of course, subjective; it is often described 
as the "feel" which an investigator has for the material. 

Not only does the subjective element play a part in allowing the 
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archaeologist to recognize the "indicative qualities" of the data, but it 

is also said to influence the selection of the "probative data" against 

which the probability of the inference is measured (Thompson 1958:8). 

The large role that Thompson assigns the subjective element leads 

directly to his (1958:8) conclusion that 

The final judgment of an archaeologist's reconstruction must 
therefore be based on an appraisal of his professional com
petence, and particularly the quality of the subjective con
tribution to that competence. 

Employing the synthetic model, we are in a position to deter

mine precisely what this subjective element is. If archaeological knowl

edge is composed of several sets of law statements, one can explain 

variations in the ability of different investigators to offer inferences for 

a particular body of data ("recognize the indicative quality") by suggest

ing that they possess or apply these sets of laws differentially. This is 

analogous to explaining some of the variations in speech among members 

of a community by hypothesizing that they possess different sets of 

generative rules. An archaeologist who has internalized a wide variety 

of correlates, c-transforms, and n-transforms has a greater ability, in 

Thompson's terms, to recognize the indicative qualities of the data. In 

Binford's terms, such an archaeologist is capable of generating numerous 

test implications for a hypothesis. 

Archaeologists who consistently display either of these abilities 

are known in the profession as "competent." Their inferences and tested 

hypotheses are usually accepted without a reigorous exegesis of the un

derlying principles. But, by employing the synthetic model, one is led 

to ask appropriate questions about the nature of the laws underlying an 



inference and their linkage to other elements of the inference justifica

tion. Use of the model in this way will lead to the possibility of eval

uating reconstructions and explanations independent of the investigator 

who offered them. Sound scientific method demands not that we con

stantly retest and repeat the work of our colleagues, but that we be able 

to do so if the need arises. In short, archaeologists do exhibit different 

abilities both to generate inferences from data and derive implications 

from hypotheses; these differences can be explained in terms of the 

differential possession and use of archaeological knowledge. 

Acquisition of Principles 

A problem that is directly implied by the above discussion con

cerns the means by which correlates, c-transforms, and n-transforms 

are acquired, especially if such principles are implicit. In advanced 

scientific disciplines, most laws are explicit and can be learned by the 

diligent study of textbooks (Kuhn 1962). This is not yet the case in 

archaeology. Even if one internalized every law contained in archaeo

logical textbooks, he would be incapable of generating from the data 

all the knowledge of the past which we claim is accessible. Conspic

uously absent in introductory textbooks (Hole and Heizer 1969; Fagan 

1972; Rouse 1972a) or in any texts, for that matter, is a section or sec

tions describing the archaeological knowledge required to infer some 

aspect of a past cultural system. 

Clearly, the laws composing archaeological knowledge must be 

acquired by prospective archaeologists, but the question is: How? I 

believe that the process of law acquisition is not unlike the way a child 
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learns the grammar of a language. After ploughing through a large sample 

of site reports and syntheses, a student unconsciously proposes and 

internalizes trial relational statements to account for the linkage be

tween the data an investigator presents and his inferences about the 

past. These relational statements correspond to what I have termed 

correlates, c-transforms, and n-transforms. 

Because archaeological knowledge rarely reaches the printed 

page and resides primarily in the conceptual framework of individual 

investigators, there is no shortcut method of learning these principles 

beyond the laborious and wasteful task of reinventing them while read

ing and comprehending the archaeological literature. The nonpresenta-

tion of laws is perhaps the most efficient way to write site reports, 

syntheses, and interpretive papers, but in the absence of good text

books we are left without an efficient means of enculturating young ar

chaeologists. More importantly, we cannot take stock of the conceptual 

progress of archaeology or easily determine the undeveloped areas of 

archaeological knowledge. I suggest that in the future writers of text

books may have to devote much more space to listing and illustrating 

the use of relational statements of archaeological knowledge. I envision, 

for example, several introductory texts covering separately many com

plex subjects in reconstruction, such as social organization, lithic 

technology, and subsistence. Such texts would be nothing less than 

catalogs of law statements with examples of their applications to spe

cific archaeological situations and some discussion about the extent to 

which they had been tested. 



Conclusion 

In this chapter, I have attempted to lay bare the general struc

ture of inference justification and the nature of archaeological knowl

edge. Despite the many ways that archaeologists have devised to gain 

knowledge of the past, the basic structure of inference justification 

seems to be the same, even when the methodologically bipolar views of 

Binford and Thompson are considered. 

Some of the important features of the synthetic model are: 

1. All descriptive statements about the past—inferences and 

tested hypotheses—are part of a complex explanatory frame

work which accounts for aspects of the archaeological record. 

2. Some of the laws in these explanations—correlate and c-

transforms—are laws of cultural dynamics. 

3. All knowledge of the past is inference in the sense that there 

is no epistemically tenable or otherwise useful distinction 

between direct or indirect knowledge of the past. All knowl

edge of the past acquired through archaeological means is 

made accessible by the use of relational statements. 

Once the many principles constituting the three areas of 

archaeological knowledge are made explicit and subjected to testing, 

archaeology will advance conceptually and cumulatively at a rapid 

rate. Too few of the implicit laws now in use are really adequate for 

the interpretive tasks assigned to them. As more of these principles 

are made explicit and others are originated by archaeologists, we will 
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find ourselves turning increasingly to ethnoarchaeological studies to 

test posited laws; be they correlates, c-transforms, or n-transforms. 



CHAPTER 3 

ARCHAEOLOGICAL INFERENCES AND 
THE SYNTHETIC MODEL 

The discussion in the preceding chapter of the uxorilocality 

inference in terms of the synthetic model does not constitute a "test" 

of the model in any strict sense of the word. It is always possible to 

find a case conforming to the essential aspects of any proposed model. 

Thompson (1958) established the laudable precedent of evaluating his 

inference model against actual inferences. But he, too, artificially 

constructed a series of inferences for this very purpose. 

"Tests" of Inference Models 

This raises an interesting question. Is it possible to test 

epistemological models in any rigorous fashion at all? This chapter 

describes the results of a study carried out at a time when I believed 

the answer to this question was yes. After further reflection, however, 

I have admitted the possibility that the answer may well be no. Con

tinuing debates in the philosophical literature on models of explanation, 

for example, Morgan (1973) and Tuggle, Townsend and Riley (1972), 

support the view that the testing of certain kinds of models—especially 

epistemological models—poses serious problems. Many of these prob

lems seem insoluble at the present time. Granting the difficulty, per

haps impossibility of conducting definitive or convincing tests, I suggest 

that it is still fruitful to examine several implications of the synthetic 

44 
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model against the actual data, archaeological inferences, to which it 

applies. 

Strategy for Examining Archaeological 
Inferences 

Implications of the Model 

The domain of the synthetic model consists of all statements 

about past cultural behavior and organization derived from or applied to 

archaeological data. This domain is manifest in the archaeological 

literature of site reports, regional syntheses, topical books, and com

binations of these. 

The following implications of the synthetic model may be 

examined in light of data from this vast domain. 

1. Inferences about the past may be presented with or without the 

explicit justification of archaeological data and knowledge. 

2. Although most inferences will not be accompanied by rigorous 

justifications, a sample of the literature should reveal the 

occasional explicit use of instances of each type of law. 

3. If archaeological knowledge is internalized in the manner I 

have suggested then a large sample of inferences, especially 

those concerning the same subject matter of reconstruction, 

will reveal repeated uses of a single, independently invented 

principle. 

Data Collection 

In order to examine these implications of the synthetic model, 

undergraduate students in Anthropology 135 (World Prehistory) were 
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assigned a term paper that required, in part, the gathering of a sample 

of the archaeological literature and its perusal for explicit laws of 

archaeological knowledge. Specifically, students were given this set 

of instructions. 

A. The student will choose an area of the world that he or 
she finds interesting. By use of the card catalog, or in 
conversation with faculty who know this area, the stu
dent will select two archaeological books or monographs. 
Normally one of these should be a site report. The other 
may be an areal synthesis or topical book. This selec
tion process is critical—take time to ensure that the site 
reports contain interpretive sections as well as data. 

B. Read your books through once to get a general idea of 
what they contain. 

C. After you become familiar with the author's presentation, 
you are ready to reread the work carefully and begin the 
analysis. The basic task is to identify and record the 
correlates, c-transforms, and n-transforms, that serve 
as the basis for the author's interpretations and predic
tions, and the laws used to explain cultural variability 
and change. 

D. Copy down word for word each correlate, c-transform, 
and n-transform giving the page number next to the quo
tation. This is your basic data and should be complete. 

E. Make notes in the above sections as to which inferences 
and predictions are made by an author for which he does 
not present the appropriate principles. 

The sample of archaeological literature obtained by the students 

is not, of course, statistically adequate nor totally representative; but 

after examining these data (which were derived from a surprising variety 

of sources), I believe it unlikely that a more rigorous search of the 

literature would uncover any new or unusual inference justification pat

terns. Sites used by the students included early man, petroglyph, cave, 



Neolithic villages of the Old and New World, sites of complex cultural 

systems of both hemispheres, and numerous others. In short, the 56 

pieces of archaeological literature examined span 40 years of archaeo

logical reporting, all levels of cultural complexity, most major data 

classes including representational art, and all continents except 

Australia. 

Results 

Implication 1. There is a range of variability in the extent to 

which inference justifications are explicit. The data provide strong sup

port for this implication; so much so that several important varieties of 

inference justification can be noted. The examples discussed below are 

contrived to illustrate the points as clearly as possible. 

Example 1: A brush was used for decorating this pottery. This 

is the least explicit kind of justification, consisting of an assertion 

about an event or behavioral property of a past cultural system with no 

relevant data or explicit laws. 

Example 2: Because of the striations on the painted surface of 

these sherds, a brush was used to apply the decoration. This type of 

justification is an archaeological approximation to the classic "elliptical 

explanation" (Hempel 1966:52) and includes reference to some of the 

relevant data but contains no explicit laws. This type of inference jus

tification is by far the one encountered most often and gives support to 

the emicvalueof Thompson's (1958) inference model as an accurate de

scription of the way that most archaeologists describe their processes 

of deriving archaeological inferences. In other words, this inference 
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appears to follow directly from the observations of archaeological phe

nomena (striations). It does so only because of the conceptual link 

provided by unstated but implicitly held laws. 

Example 3: Only the application of paint by a brush to pottery 

of this sort will leave striations of this form; because this pottery pos

sesses the requisite striations, we can infer that a brush was used in 

the last stages of pottery decoration. This third form of justification is 

nearly complete and includes the law and relevant archaeological obser

vations. This type of justification was exceedingly rare, even though 

(for reasons discussed below) c-transforms and n-transforms or their 

stipulations are not needed. 

In addition to the three basic kinds of justification noted above, 

we also found evidence for what Hempel (1965) has termed the "explana

tory sketch." This kind of justification occurs when the principle relates 

two or more categories of variables rather than specific variables. These 

justifications give only a general indication of the variables which might 

be involved in a correlate or transform if it were made explicit. For 

example, the following statement was found: 

As evident from the location and nature of the finds, the 
shallow and not very roomy grotto of kiik-koba served as the 
dwelling place of a small, primitive community (Movius 
1953:6). 

Implicit within this justification is the correlate that an amount of living 

space is correlated with a specific group size. This type of justification 

and its implicit correlate can lead one to formulate useful questions 

about how group size and settlement area are related (Naroll 1962; 

LeBlanc 1971). But in the context of a specific monograph, such an 
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inference justification should be considered weak because the variables 

it contains are so general and because the reader has no evidence avail

able as to the outcome of tests, if any, on more specific versions of the 

correlate (or other law) employed. 

Implication 2. Occasional explicit principles of each type 

should be encountered in the literature, although most justifications will 

contain implicit laws. By far, the type of law made explicit most fre

quently is correlates followed distantly by c-transforms and n-transforms. 

C-transforms unfortunately conform quite closely to my characterization 

as "an underdeveloped branch of archaeological theory (Schiffer 1972b: 

156), at least in terms of explicitness. Although n-transforms are not 

often explicit, they are easy to reconstruct and seem on the whole to be 

relatively reliable principles. C-transforms, rarely explicit, are ex

ceedingly difficult to reconstruct. At best, they are sometimes vaguely 

indicated within explanatory sketches. 

Implication 3. Some concepts should recur as evidence of in

dependent invention of laws through inefficient enculturative processes 

in the culture of archaeology. Although only 86 correlates, 29 c-

transforms, and 15 n-transforms were uncovered, there was some 

duplication. One of the most common c-transforms is the "Schlepp 

Effect" (Daly 1969) . This law states that with more butchering of an 

animal at a kill site, fewer bones will be carried back and discarded at 

the base camp or village. Variants of this c-transform were encountered 

3 times (I have also found it in 4 other sources in previous searches of 

the literature for explicit laws). A correlate which appeared twice takes 

the general form that features of a large site required a sizable manpower 
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pool and directed organization. Strictly speaking, this principle is an 

explanatory sketch, but the idea that every architectural feature implies 

a certain prerequisite labor force seems widespread. I have attempted 

to put this formulation into quantitative terms elsewhere (Schiffer 1971b). 

Another correlate was discovered 3 times and relates to procurement 

systems, to wit: when exotic materials are found at a site, some kind 

of procurement system, perhaps a trading network, existed in the past. 

As further evidence for the independent invention of laws we 

observed that in no case was an explicit law ever attributed to another 

author by citation; this is really a remarkable finding. It demonstrates 

conclusively the noncumulative character of concepts of archaeological 

knowledge. An alternative conclusion is that archaeologists hold law

like concepts in such low esteem that they may be borrowed with no need 

to acknowledge the source. 

Other Findings. A number of undergraduate students in World 

Prehistory took the opportunity to suggest modifications of the inference 

model necessitated by what they considered to be anomalous cases. 

After carefully considering this body of data, I believe that several 

modifications and qualifications of the synthesis model are in order. 

It has become clear that in certain instances the entire tier of 

concepts or stipulations of the synthetic model are not needed to acquire 

or justify inferences. For example, inferences about manufacturing be

havior, made possible by behavioral-material correlates, do not seem 

to require stipulations or laws within the transform domains. This is so 

because inferences of this type are not time or space related. One can 

only assert that such and such behavior occurred in the past; exactly 
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where or when cannot be determined without the use of transforms or 

transform stipulations. It appears at this writing that inferences which 

contain no specific spatial or quantitative references require less com

plex justifications than those which document the occurrence of an event 

at a particular location or express the ratio of occurrence of two or more 

events. Archaeological reconstructions seem now to be headed in 

the direction of making more spatially and quantitatively meaningful in

ferences about the past and must therefore take into account formation 

processes of the archaeological record. This is not to say that most 

inferences of the past do not incorporate such knowledge (at least im

plicitly), only that some kinds of inference seem to need a less sophis

ticated justification. 

In discussions with Clyde Feldman, one of the students in 

World Prehistory, I have come to see that a specific law may function 

in more than one law domain, depending on the context. This is true in 

only a small number of cases, but it nevertheless directs one to con

sider the function of the various kinds of principles and to give close 

attention to the contexts in which specific principles are used in order 

to identify these functions. The overlap in the function of principles is 

most noticeable between the correlate domain and the laws which explain 

cultural diversity and change. Correlates seem to merge with these laws 

until they no longer refer to aspects of measurable material phenomena 

but relate two or more behavioral or organizational variables. One can 

make use of this property of correlates by stringing several together to 

arrive at knowledge of the past. Correlates were also found that contain 



certain environmental or ecological variables—one may wish to call 

these eco-correlates. 

Conclusion 

This brief examination of the inference model in light of ar

chaeological inferences has indicated the vulnerability and weaknesses 

of implicit approaches to both the explanation of archaeological obser

vations and the derivation of knowledge of the past. Although many 

laws of archaeological knowledge are widely shared, others are contra

dictory, while still others appear hopelessly embedded and inadequate. 

The case made earlier for extricating, systematizing, and testing of 

extant laws still seems to be an appropriate strategy for expanding the 

small set of explicit, reliable laws of archaeological knowledge. Some 

investigators may feel such an activity is relatively unproductive be

cause of the great amount of effort required to find the extant laws. 

Individuals who hold this view may well desire to expend their energies 

in Strategy 2 of behavioral archaeology in search of laws. The remain

der of this study demonstrates the viability of both approaches for de

riving laws. 

The examination of a body of archaeological inferences has 

given substance to my previous claim (Schiffer 1972b) that the cultural 

formation processes of the archaeological record are poorly known at 

present. In order to increase the set of useful c-transforms, a frame

work for understanding the operation of cultural formation processes is 

required. It is to the construction of such a framework that the next 

chapter is devoted. 



CHAPTER 4 

THE TRANSFORMATION PROBLEM 

The purpose of this chapter is to explore a number of general 

issues relating to the cultural formation processes of the archaeological 

record. The brief discussion of these processes presented in chapter 2 

must be amplified in order to convey information about the important 

roles that cultural formation process concepts (c-transforms) play in the 

reconstruction of the past and to provide a basis for asking the questions 

addressed in later chapters. Included in this presentation are discus

sions of (1) variability in cultural formation processes, (2) the transfor

mation problem in general, (3) the use of identification c-transforms to 

to relate units of observation to units of analysis, and (4) the need for 

dual descriptive languages of the archaeological and systemic contexts. 

Cultural formation processes are the activities whose perfor

mance results in the production of archaeological remains. Activities of 

this type, whose onset is signaled by the termination of an element's 

use, create pathways to the archaeological record. The term "pathway" 

(Schiffer n.d.) is used to indicate that all system outputs fall within the 

study of cultural formation processes, whether or not such materials are 

eventually accessible to the archaeologist. Noncultural formation pro

cesses, which eliminate, modify, and redeposit culturally deposited 

materials, also influence the formation of the archaeological record; 

these important processes receive no further discussion here (see 

Schiffer and Rathje n.d.). 

53 
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Activities of discard and other cultural formation processes 

constitute a poorly studied area of cultural behavior. One searches in 

vain among ethnographic accounts to find systematic observations or 

generalizations about how cultural systems produce their archaeological 

record. The impression that one does get from scattered, sketchy, and 

unsystematized observations is that cultural formation processes, on a 

worldwide basis, are a highly variable set of activities, and the laws 

governing them are at present unformulated. 

A cursory examination of the archaeological literature suggests 

that most archaeologists do not visualize cultural formation processes 

as consisting of highly differentiated and differentially performed ac

tivities. Most remains, conceived of as "refuse" or "trash," "garbage" 

or "detritus" by the archaeologist, were admittedly refuse to the people 

who used and discarded these materials. But not all archaeological 

materials become a part of the archaeological record by means of the 

same cultural formation processes. And of those which do, subtle vari

ations can serve as important information for deriving the behavioral and 

organizational aspects of the past cultural system. Further, different 

kinds of outputs or refuse are appropriate for answering different ques

tions about the past. It is therefore necessary to devise means for (1) 

conceptualizing the operation of cultural formation processes, (2) de

scribing aspects of the cultural systems on which these processes 

operate, (3) providing definitions for various kinds of refuse produced 

by different cultural formation processes, and (4) setting the stage for 

considering how one takes the operation of these processes into account 

in reconstructing the past. 
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Archaeological Context and Systemic Context 

A useful way to conceptualize the operation of cultural forma

tion processes is to consider archaeological materials in terms of two 

contexts. The systemic context (Schiffer 1972b) is the participation of 

material objects in a behavioral system (of the past). Descriptions of 

this behavioral system, as reconstructed by the archaeologist, con

stitute the systemic context. The archaeological context (Schiffer 1972b) 

refers to materials after they cease participating in a behavioral system. 

This context is observed today in the archaeological record (Binford 

1968b). Descriptions of remains, as discovered and observed by the 

archaeologist, constitute the archaeological context. 

While the archaeological context consists of static and unitary 

phenomena, the systemic context is dynamic and complex. There exists 

no generally accepted set of concepts and terms to describe the systemic 

context. Nor should there be. Investigators need to devise descriptions 

that suit their purposes. In order to describe aspects of the systemic 

context for the purpose of examining different cultural formation pro

cesses, I have devised a set of general concepts and terms to reduce 

the systemic complexity to more manageable proportions. 

Systemic Context Considerations 

Elements. A basic unit of archaeological observation is the 

artifact. An artifact, in systemic context, is an element. I define ele

ments to include foods, fuels, tools, facilities, machines, and human 

beings. Provisionally, elements can be divided into the categories of 

durables, consumables, and energy sources (Schiffer 1972b). Durable 
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elements are tools, machines, and facilities—in short, transformers and 

preservers of energy (Wagner 1960). Consumables are foods, fuels, and 

other similar elements whose consumption results in the liberation of 

energy. Elements of both kinds are often physically joined to form more 

complex elements; and of course raw materials of one sort or another 

are combined or separated to form elements. When broken, elements 

become element fragments. An energy source, such as a human being, 

is capable of performing work, thus expending energy. 

Basic Processes. The sequence of activities in the systemic 

context of any durable element can be grouped into a set of basic pro

cesses and represented by a flow model (Schiffer 1972b). These process

es include procurement, manufacture. use, maintenance. and discard. 

A process consists of one or more stages, such as the stages in the 

manufacture of a ceramic vessel. A stage, in turn, consists of one or 

more activities. An activity is defined as the patterned interaction of at 

least one energy source with at least one other element. Activities are 

discussed in detail inChapter 7. 

The terms describing the processes within the systemic context 

of consumable elements are parallel to and adapted from the flow model 

of durable elements. They are: procurement, preparation, consumption, 

and discard (Schiffer 1972b). For the sake of convenience, the discus

sions to follow make exclusive use of the processes of durable elements. 

In addition to the five basic processes of systemic context, 

it is necessary for some problems to consider storage and transport. 

Storage and transport are activities which provide, respectively a tem

poral or spatial displacement of an element. Transport and storage may 
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take place singly or in combination between any two processes, stages, 

or activities of a stage. 

Reuse. Some items undergo a more devious set of processes 

within their systemic context. Elements can be rerouted at strategic 

points to processes or stages through which they have already passed. 

This condition is known as reuse. Two kinds of reuse, recycling and 

lateral cycling, are defined (Schiffer 1972b). An element has been re

cycled if it is subjected to manufacture activities after the completion of 

use. Lateral cycling describes the termination of an element's use (not 

"uselife" as I have erroneously stated Schiffer 1972b:159 ) in one set of 

activities and its resumption in another. Often the only change is in the 

social unit of element use. Lateral cycling occurs so often in the United 

States that special mechanisms, such as garage sales, swap meets, used 

clothing and appliance stores, used car lots, real estate agents, and 

others, have arisen to organize these activities. Although knowledge of 

the general principles of lateral cycling is important for understanding 

aspects of the systemic context of materials and the formation of the 

archaeological record, the conditions and mechanisms of lateral cycling 

are poorly studied phenomena. They should receive the urgent attention 

of behavioral archaeologists (see Chapter 11). 

Figures 4 and 5 illustrate the completed basic flow models for 

durables and consumables, respectively, by which the coarser aspects 

of any element's systemic context can be described. A more refined 

systemic context language, which takes into account many more vari

ables, is presented in Chapter 7. 



SYSTEMIC 

CONTEXT 
ARCHAEOLOGICAL 
CONTEXT 

discard primary refuse 

manufacture -• procurement •« use 
secondary refuse transport discard 

defacto refuse 

LEGEND 

System under analysis 

Opportunity for storage 

and/or transport 

Figure 4. Flow Model for Viewing the Systemic Context of Durable Elements.—From 
Schiffer (1972b) 

C n  
CD 



SYSTEMIC 

CONTEXT 

ARCHAEOLOGICAL 

CONTEXT 

recycling 

r 
loterol 
cycling 

procurement-• preparation-• •-»» consumption-* **discard-» •-•refuse 

LEGEND 

System under analysis 

Opportunity for storage 

and/or transport 

Figure 5. Flow Model for Viewing the Systemic Context of Consumable Elements.—From 
Schiffer (1972b) 

cn 
CD 



60 

Refuse Types 

Cultural formation processes that act upon materials during 

their systemic context to produce outputs are divided into two funda

mental types. The first type consists of the normal outputs of an ongoing 

system, such as the discard or loss of artifacts and the disposal of the 

dead. The second group of processes is set in motion by the abandon

ment of an activity area. Some items used in an activity area before 

abandonment may be left even if they are usable. Rather than being 

discarded, the artifacts are simply abandoned. 

Normal Outputs. Two varieties of refuse produced by normal 

system processes can be defined. Primary refuse (Schiffer 1972b) is 

material discarded at its location of use. Secondary refuse (Schiffer 

1972b), on the other hand, is removed from its location of use, trans

ported, and discarded elsewhere. These concepts are useful mainly at 

the intrasite level. When applied at a regional level, it is seen that all 

refuse is primary; that is, most items are discarded at the site or one 

of the sites where they were used. One must carefully specify the frame 

of reference when using these concepts. 

Abandonment Outputs. Elements that were output during the 

abandonment of an activity area or a complete site are termed de facto 

refuse (Schiffer 1972b). Such materials were still in storage, use, or 

even manufacture processes just prior to the departure of the human 

groups. As a result, de facto refuse is not worn-out or broken (by cul

tural formation processes)—intentional destruction of usable items has, 

of course, been noted. When a site is differentially abandoned, which 

is common, scavenging activities (procurement of discarded or 
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abandoned materials) remove de facto refuse from areas abandoned earlier 

(Ascher 1968; Schiffer 1972b). Under these conditions, most de facto 

refuse occurs only in the last occupied use areas (see Reid and Shimada 

n.d. and Reid 1973 for a measure of relative room abandonment based on 

this sequence of activities). The three major types of refuse are illus

trated in Fig. 6. 

Other Varieties of Refuse. In addition to the refuse types de

rived from the consideration of the large-scale processes that produced 

them, one should be able to devise a number of other refuse types whose 

recognition may be important to the solution of various problems. In 

Mesoamerica, for example, primary and secondary refuse are frequently 

gathered up, transported to another location, and then used as construc

tion material for various architectural features. It is only after these 

structures are abandoned that the constituent materials once more have 

an archaeological context. In such cases, a more complex type of refuse 

is produced that should receive its own designation to keep it concep

tually distinct from refuse produced by simpler processes. This example 

also underscores the possibility that culturally deposited materials may 

be used again by the same or different cultural system at a later date. 

In a sense, archaeological activities are cultural formation 

processes; the attributes of an excavated site can only be fully ex

plained by taking into account how it was altered after initial deposition 

by the archaeologist's activities. J. J. Reid (oral communication, 1973) 

informs me that during recent investigations of the Grasshopper Ruin, 

east-central Arizona (Thompson and Longacre 1966), Longacre attempted 

to test the hypothesis that certain surface modifications resulted from 
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the previous excavation of a room in the earlier part of the century. Al

though the hypothesis tested negatively, this example indicates how the 

archaeologist must consider the operation of all relevant cultural forma

tion processes in explaining his observations and designing strategies 

of data retrieval. 

Many additional examples of complex cultural formation pro

cesses could be adduced, and the reader can doubtlessly supply his 

own. The point is that, depending on one's problem and area, it may be 

necessary to develop other descriptive terms to label materials produced 

by various cultural formation processes. These labeled refuse types can 

then serve as a basis for developing c-transforms that allow the identi

fication of these materials in the archaeological record and other c-

transforms for specifying the factors that led to their production. 

The Structures of the Past and Present 

Consideration of various cultural formation processes leads to 

an appreciation of the differentiated nature of archaeological remains 

and also to a reevaluation of generally accepted assumptions about how 

the archaeological record is produced. For example, what is meant by 

statements to the effect that the patterning of remains in a site directly 

reflects the structuring of past activities and social groups there (Binford 

1964; Binford and others 1970; Longacre 1970a; Hill 1970a, 1970b; 

Struever 1968a, and many others)? The position advanced here is that 

the structure of archaeological remains is a distorted reflection of the 

structure of material objects in a past cultural system. Such distortions 

are caused, in part, by cultural formation processes. But these distor

tions can be taken into account and corrected by constructing appropriate 
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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. Just as all information needed to produce a sharp print is en

coded in even the most poorly focused negative, the information for 

reconstructing the past is encoded in the structure of the present—but 

instead of applying holographic restoration techniques, we apply c-

transforms to eliminate the distortions introduced by cultural formation 

processes. 

The structure of the archaeological record at a site—as it is 

perceived by the archaeologist—can be described more precisely. It 

consists of material objects, features, and residues in a static, three-

dimensional spatial arrangement. A complete description of the present 

structure also includes materials that were deposited by the operation of 

noncultural formation processes, such as soil. Thus, beside artifacts 

and "eco-facts" (Binford 1964), purely environmental facts of interest 

are contained within the present structure of the archaeological record. 

Such a structure is described in terms of quantitative relations, formal 

properties, and spatial relationships of the various constituent materials. 

The past structure of material objects can also be described by 

spatial, quantitative, and formal variables. But such a description is 

very different from the static structure of the present. Systemic struc

tures are synchronic slices of a dynamic system. Variability and change 

in the past are caused by the operation of energy sources, such as humans 

or machines, which effect changes in quantitative, spatial, and formal 

variables. For example, the formal properties and spatial locations of 

an object vary according to the systemic process under consideration. 
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Naturally, events of the systemic structure occur at different times and 

the temporal parameter must often be considered. 

It must be emphasized that there is no single systemic struc

ture, but there are many, depending on the interests of an investigator. 

For example, "Wilcox (n.d.a) introduces the useful concept of "site 

structure," defined as the set of all occupation surfaces that were in 

contemporary use in the past. This concept can be flexibly applied at 

different scales. (The flooring-over of a pit may or may not signal a 

change in the site structure, depending on how defines his units of 

activity space.) The site structure is only one of many concepts that 

pertain to the complex systemic structure. Others are presented in 

Chapter 7. 

Transformations 

Quite clearly, the structures of the past and present are not 

equivalent; and this fact poses the basic problem faced by all archae

ologists: How does one relate the archaeological and systemic contexts? 

Although one might be tempted to suggest that this is achieved by "trans

forming" the archaeological structure into a systemic structure, this is 

true only in a metaphorical sense. The task is one of modeling the 

transformations wrought by cultural (and noncultural) formation processes 

on systemic materials to produce the archaeological structure. When one 

successfully models or specifies the nature and effects of these process

es, then, and only then, can the two contexts of remains be related. 

Throughout the remainder of this work, reference is made to the "trans

formation problem." It should be understood that in "transforming" the 

present into the past, one is accounting for the transformations of the 
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past into the present by cultural formation processes. "Transformation 

procedures" consist of the methods and principles by which transforma

tions are effected. 

All archaeologists make assumptions about the cultural forma

tion processes that have operated to produce the materials that they 

study. Usually these assumptions are implicit, and only on rare occa

sions have they been subjected to scrutiny, discussion, and testing. 

Unfortunately, many of these transformations upon which the success of 

one's reconstructions depend are ill-founded, and their use—implicitly 

and explicitly—for explaining the archaeological structure and deriving 

information about the past has led to erroneous questions, sometimes 

spurious inferences, and a seeming ignorance of the complexity of the 

transformation problem itself. The transformation problem is divided 

into a number of related areas, and each of these is discussed in turn 

throughout the remainder of this chapter. 

Units of Analysis vs. Units of Observation 

The first subject area concerns the process of relating one's 

interest within the systemic context, that is, variables, parameters, 

and other specific questions, to the units of observation where relevant 

data for answering them are to be found. The general transformation 

process of relating units of analysis to units of observation can be 

represented in a simple diagram (Fig. 7). The general transformation 

process is also discussed by Reid (1973). Systemic context questions 

and hypotheses require that data within certain units of analysis be ac

quired. By applying identification c-transforms, relevant units of 



67 

S Y S T E M I C  C O N T E X T  ^  A K C H A E O L O G I C A l  C O N T E X T  

I 

I 

I 

C -  T R A N S F O R M S  

C -  T R A N S F O R M S  

H Y P O T H E S I S  

ANSWER 

R E S U L T S  

T E S T  

O R  

O F  

A N A L Y S I S  

O F  

H Y P O T H E S I S  

Q U E S T I O N  

O R  

O B S E R V A T I O N  

U N I T S  

O F  

O B S E R V A T I O N  

W I T H I N  

U N I T S  

D A T A  

O F  

Figure 7. General Model of the Transformation Procedure 



68 

observation related to these units of analysis are specified. Once spec

ified, the materials within these observational units are transformed into 

systemic context information by the use of additional c-transforms and 

correlates. This general transformation procedure by which units of ob

servation are selected and transformed into units of analysis is illus

trated with two contrived examples that closely model the general 

features of the transformation problem. 

Example 1: Pottery at a Site 

In the first example, an archaeologist is dealing with a seden

tary agricultural village that has been transformed into an archaeological 

site. The archaeologist is given no information about the cultural forma

tion processes responsible for creating the site: these must therefore be 

Identified independently if specific systemic context questions about the 

remains are to be answered. It is assumed that the entire site is exca

vated and that all discarded and abandoned pottery, the artifact class of 

interest, has been recovered. 

Spatial Transformations of the Pottery. At the village, two 

homogeneous classes of pottery, bowls and jars, are found in archaeo

logical context. What kinds of transforms must be applied to these ma

terials in order to answer the systemic context question: What is the 

class of usual use locations of jars? Existence of a number of sturdy 

architectural features at this site leads the archaeologist to suspect 

that it may have been inhabited year-round and supported a population 

of perhaps several hundred. Based on these inferences, which have been 

presumably established through the use of other relevant correlates and 



transforms, the archaeologist deduces that substantial amounts of secon

dary, as well as some primary and de facto refuse would have been pro

duced by this village. This follows directly from the c-transform that 

as the intensity of occupation and the population size of an activity area 

increase so will the ratio of secondary to primary refuse produced 

(adapted from Schiffer 1972b:162). 

The next step requires the archaeologist to identify the various 

kinds of refuse that he has recovered. Although primary and de facto 

refuse would be of most interest, through past experience the archaeol

ogist knows that they might not be fully representative of the pottery in 

use during the systemic context of an activity location. It is therefore 

necessary to utilize secondary refuse. By the use of identification c-

transforms the archaeologist can specify attributes of the provenience 

units that are likely to contain refuse of one or another type. Primary 

and de facto refuse would be expected to occur on use surfaces, espe

cially the latest surface. Use locations are derived from primary refuse 

on the basis of a spatial equivalence transformation. In other words, 

present location of an element equals its past location of use. Activity 

locations, though not exclusively of use, are determined by a similar 

transformation applied to de facto refuse. 

Deposits of secondary refuse in a sedentary society are usual

ly characterized by a high density of material occurring in great variety. 

Such materials are usually broken, worn-out, or incomplete. If one has 

identified a secondary refuse area by means of this or other identifica

tion c-transforms, then one is ready to apply the more complex spatial 

transformations required for this kind of material. Because present 
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location does not equal past use location, spatial transformations of 

nonequivalence are necessiated, such as, use areas contributed to the 

nearest secondary refuse area. (It should always be kept in mind when 

devising transformations that one is attempting to account for the present 

properties of the archaeological record in terms of the behavioral systems 

of the past.) Archaeologists have not given sufficient attention to de

veloping these transformations—some even imply that ascertaining 

activity locations from secondary refuse is impossible (Redman 1973). 

As I shall argue in later chapters, one may be able to determine activity 

locations from secondary refuse material by developing more sophisti

cated c-transforms. 

By utilizing information acquired from various kinds of refuse, 

high probability statements about pottery use locations can be obtained, 

even when sizable quantities of primary and de facto refuse are not 

present. In order to achieve this aim, one must expend further effort in 

developing c-transforms for identifying various refuse types and account 

for spatial transformations. (Brown 1973 reports that effort is now under

way at the Koster Site to identify quantitatively various refuse types.) 

Quantitative Transformations of the Pottery. One can ask ques

tions about quantitative variables of the systemic context of the pottery 

from the hypothetical village and illustrate the role of quantitative c-

transforms. For example, how much pottery was used during the occupa

tion of this village? In the first place, in the archaeological context we 

are dealing with mostly sherds—not pots. And so the sherd counts of 

the present must be transformed into jar or bowl counts of the past. This 

is effected by means of a quantitative and formal transformation. By 
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assembling representative whole pots and comparing the weight of whole 

vessels and sherds one is able to derive ratios of sherd production, 

such as 200 ounces per jar. These ratios are then multiplied by the total 

weight of sherds to yield total vessel counts (Baumhoff and Heizer 1959). 

Although transformations such as these have been developed for some 

kinds of residues (Heizer 1960), no one has yet answered this relatively 

simple systemic context question for the pottery of a site. It has been 

commonly assumed that these factors are irrelevant when the object of 

reconstruction is temporal relationships (Ford and Willey 1949:37). 

Let us suppose that it is possible to determine the total number 

of bowls or jars that were discarded. In itself, such information is not 

revealing about much within the systemic context. One might wish to 

ask another systemic context question, such as: How many bowls were 

in use by a household, on the average, during the occupation of the site? 

To answer this question, another quantitative c-transform is applied. 

For the sake of demonstration, it is assumed that the following equation, 

whose derivation and limitations are discussed in Chapter 6, is appli

cable: 

where, 

Te = total quantity of discarded bowls 

k = average quantity of bowls in use by a household 

c = number of households 

t = occupation span of site 

L = uselife of bowls. 
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By substituting in the equation the known quantity—total amount of dis

carded pots—and using correlates and c-transforms on other archaeo

logical data to determine the values of the remaining variables, one can 

solve for the number of vessels in use by a household. 

Complex Transformations. The pottery example can be extended 

to consider a combined example of spatial and quantitative transforma

tions. In recent efforts at computerized data analysis in archaeology, 

two fellow graduate students, Don Graybill and Morgan Tamplin, have 

demonstrated through a number of experiments the decidedly nonnormal 

character of many frequency distributions of archaeological data. To 

compensate for this situation and to allow the use of powerful parametric 

statistics, various techniques of distribution modification, such as log 

and square root, have been employed. Before such techniques are un

critically applied, I think it is important to ask why many distributions, 

especially of artifacts among provenience units or artifacts among sites 

are nonnormal and to attempt to determine to what extent the shape of 

any distribution might reflect the operation of cultural formation pro

cesses . 

To illustrate this point, let it be taken as given that the number 

of pottery vessels in use per household of the past village approximated 

a normal curve. Even in this systemic context case, however, useful 

variability, especially along the lines of status differentiation, might 

be obscured when normality is demonstrated. One must always attempt 

to account for the distribution and perhaps break it down into parts re

quiring separate explanation. Nevertheless, in this case, it is assumed 

that there is an optimum mean number of vessels required for task 
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performance, including an extra margin to insure continued performance 

capability in the event of breakage, around which the households vary. 

Let us now imagine how such pottery might be distributed in 

archaeological context among provenience units determined to be the 

locations of all past households. Given the probable occurrence of 

scavenging activities (Ascher 1968) under conditions of differential aban

donment, one might expect the rooms abandoned first to contain no whole 

pots on the floor. Only the rooms abandoned last contain any appreciable 

quantities of whole vessels or restorable vessels on their floors. Rather 

than a normal distribution of pots among rooms or household areas, one 

would expect markedly skewed curves, the exact shapes of which would 

vary somewhat from site to site, depending probably on the rate of aban

donment. Reid and Shimada (n.d.) and Reid (1973) have demonstrated 

this at the Grasshopper ruin. 

Implications of the Pottery Example. Several important implica

tions arise from the consideration of the pottery example. Because a ratio 

of 20 bowls per jar occurs in the archaeological record does not signify 

that 20 bowls were in use for every jar in a past household. Such an in

ference derives from the application of an inappropriate equivalence 

transformation applied to quantitative variables; that is, quantities in 

the archaeological structure equal quantities in the systemic structure. 

This kind of equivalence transformation is often made implicitly and 

therein lies the danger. It is often not a justifiable transformation pro

cedure . 

Another implication of this example is that items that are spa

tially associated in archaeological context were not necessarily 
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associated during a process of systemic context, such as manufacture or 

use (see also Jelks 1972). Conversely, elements spatially associated in 

a systemic process are not necessarily associated in an archaeological 

context. By association, I mean the joint inclusion of two or more ele

ments within a designated unit of space—a provenience. Again, im

plicitly made equivalence transformations, in this case of spatial 

variables, are to be avoided if the locational aspects of systemic context 

materials are to be successfully described. 

This example demonstrates another nonequivalence in variables 

of the archaeological and systemic structures: the distribution of quan

titative variables among units of space. The operation of various cul

tural formation processes almost guarantees that distributions in 

archaeological context will be nonnormal, and therefore nonequivalent, 

with respect to the distribution of the same variables of systemic con

text. To interpret or use any frequency distribution of archaeological 

context data one should be concerned with the effects of cultural (and 

noncultural) formation processes. 

The use of equivalence transformations—spatial, quantitative, 

or formal—is unjustifiable except in limited situations. However, be

cause the archaeological and systemic structures are not isomorphic 

does not justify a belief that the archaeological record was produced by 

chaotic processes or that we cannot discover from observing the present 

structure what occurred in the past. The processes that form the archae

ological record are regular and can be described by laws. Laws simplify 

and make comprehensible the complex processes of the real world. Once 
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the laws of cultural formation processes are understood more fully, they 

can be employed to discover the nature of the systemic context of ar

chaeological materials. 

Example 2: Curate Behavior 

Another example can demonstrate the role of identification c-

transforms in establishing the relevant units of observation to solve 

systemic context problems. In studying the Nunamiut Eskimo throughout 

their seasonal round. Binford identified what he calls "curate behavior." 

Curate behavior consists of removing objects from one site and trans

porting them elsewhere in anticipation of future use (Binford n.d.). It 

should be recognized that curate behavior occurs to a certain extent in 

all cultural systems. Very few activity areas are abandoned with a com

plete inventory of cultural elements left as de facto refuse. Suppose, 

then, that an archaeologist asked the following systemic context question 

of a site: What items did the occupants carry off elsewhere? In other 

words, what items were curated? If problems of recycling, preservation, 

and systemic change are eliminated from this example, a fairly straight

forward set of transformations yields the desired answer. 

The basic c-transform (from Reid 1973) is the following: 

C = (P + S) - D 

where, 

P = set of element types in primary refuse 

S = set of element types in secondary refuse 

D = set of element types in de facto refuse 

C = set of curated element types. 
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The set (P + S) consists of an inventory of normal system outputs and 

thus provides an inventory of element types used at the site. De facto 

refuse consists of the residual element set after curated elements are 

removed from the total inventory. This transformation specifies that an 

inventory of cultural element types from each kind of refuse must be 

acquired. 

The problem remaining is to predict the locations of or to iden

tify the deposits of each type of refuse at the site of interest. In other 

words, one must relate his analytical units—element sets within refuse 

types to actual observational units (proveniences). For example, one 

type of primary refuse produced is burial goods, which are readily iden

tified in archaeological context. Secondary refuse consists of worn-out 

broken materials and usually occurs in deposits of high material density. 

De facto refuse is found in the last occupied activity areas, which are 

identified through another set of transformations. Having located and 

inventoried the element types contained within each kind of refuse, the 

archaeologist feeds these element sets into the c-transform above and 

derives the set of curated elements. After having come this far, the in

vestigator may wish to offer inferences about probable abandonment rate 

or distance to the next site, assuming, of course, that he has estab

lished relationships (correlates) between kinds and quantitities of curated 

elements as a function of variables related to abandonment (see Schiffer 

1972b). 

Dual Context Descriptions 

The explicit generation and use of c-transforms solves one 

aspect—perhaps the most important aspect—of the transformation 



problem. Another facet of the problem requires the development of pre

cise languages for describing variables of the archaeological structure 

and variables of the systemic structure. Archaeology requires unam

biguous, independent terminological systems for describing observations 

in the present, on the one hand, and what one says about the past, on 

the other. Dual descriptive systems are required to insure that the terms 

used to describe aspects of one or the other structure do not have 

ambiguous referents in both the archaeological and systemic context. 

Technical terms which cut across both contexts occur widely in the ar

chaeological literature and reflect, perhaps better than any other indi

cators, the extent to which most archaeologists conceptually merge the 

two contexts of archaeological remains. A few examples can demonstrate 

the seriousness of this problem. These examples reflect not only wide

spread terminological confusion but the extent to which the transforma

tion problem is not perceived as a problem. 

Site 

What does the word "site" mean? Is it an archaeological con

text term or a systemic context term? One would think that "site" is an 

archaeological context term, but a close reading of many site reports 

and syntheses leads to the discovery that many authors shift back and 

forth between systemic and archaeological context meanings. 

When one does this, it is an easy next step to make implicit 

equivalence transformations, especially regarding the quantitative and 

spatial aspects of the two structures. Looking at materials and forget

ting that they occur today, one uses ratios of elements in the 
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archaeological structure as if they were meaningful in terms of systemic 

context quantities. It is very easy to lapse into that kind of thinking. 

Although the use of independent context languages does not preclude the 

use of implicit equivalence transformations, it can serve to make inves

tigators aware of the necessity of making their transformations explicit 

and evaluating them. 

Room 

Another example of the dangerous mixing of context labels is 

found in the literature of southwestern archaeology. This example has 

been brought to my attention by Wilcox (n.d.a), who suggests a solution 

not accepted here to the problems raised. A frequent feature of late 

Mogollon sites is pueblo architecture, consisting of a number of con

tiguous masonry "rooms" (Tuggle 1970). Most archaeologists describe 

such sites as containing a certain number of "rooms." When such state

ments are made, the investigators are clearly referring to the site as it 

exists at the moment of examination. Yet, in their reconstructions, the 

same term is applied to designate the quadrilateral spaces used to enclose 

past activities. However, many of the archaeological context "rooms" 

contain several superimposed floors, many of them associated with dif

ferent features, such as firepits and grinding equipment. These different 

floors were clearly associated with different activity surfaces in the 

past. This use of the term "room" to describe both the present situation 

and the past succession of three-dimensional, bounded activity areas 

puts one in the paradoxical position of suggesting that a "room" contains 

several "rooms." Many investigators avoid both the conceptual and 



analytical problems by dealing with the uppermost floor, an unfortunate 

decision if the goal is an accurate measurement of the behavioral and 

organizational variables of a past cultural system. 

Popularity 

Another frequently encountered example of conceptual confusion 

is found in the interpretations accompanying relative frequency charts 

that display changing percentages of elements within levels in a site 

or different frequencies of types among several sites in a region. Ar

chaeologists are accustomed to producing these charts for the purpose 

of relating these units by overall similarity and presumed proximity in 

time. Numerous computer routines have been developed to assess over

all similarity in a rigorous fashion (Hole and Shaw 1967; Craytor and 

Johnson 1968), but that has not changed the explanations offered for the 

variability in type frequencies across space and through time. 

Popularity or changes in popularity are the usually cited cause 

of variability in type frequencies (Phillips, Ford, and Griffin 1951). But 

what does this really mean? Is popularity an archaeological or systemic 

context concept? Actually, popularity is a vague concept with systemic 

implications. Its use implies that frequencies vary because of conscious 

choice on the part of the artifact makers and users. By reexamining the 

equation presented above in the pottery example, one sees that popular

ity cannot be objectified at a systemic context level in any simple way. 

Differences can be explained in terms of different occupation spans, 

differences in use life, differences in population, or differences in the 

number of elements in use by a social unit. Does the concept of popu

larity convey any systemic context meaning at all? I suggest not because 
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fundamentally it is an archaeological context concept. Popularity is 

nothing more than a description of the differences between any two 

units—levels in a site or sites in a region. To explain these observa

tions in the archaeological record, it is necessary to evolve an appro

priate systemic context language and apply relevant transformations. 

It is only in the realm of the systemic context that we explain through 

the use of correlates and transforms observations in the archaeological 

record. 

Functional Names for Artifacts 

Another example of the terminological problem is that artifacts 

are often given functional names (see Sonnenfeld 1962 for a similar 

criticism). Examination of almost any site report reveals numerous 

instances of the use of terms like "arrowshaft straighteners," "awls" 

and "mauls," "rubbing stones," "incensarios," "projectile points," and 

"knives." All of these functional, activity-related terms are assigned 

to describe observations on the archaeological record. But, it is only 

through the application of correlates that one derives knowledge about 

the activities of an artifact's use or manufacture. Again, analytic levels 

have been mixed with damaging consequences (compare Binford 1968a). 

Archaeological context phenomena must be described in terms 

of explicit attributes and attribute-based types. If such types lend 

themselves to the application of correlates to arrive at some aspect of 

their systemic context, so much the better. But a "use" label imparts no 

information about the archaeological structure. In the many cases where 

types are not based on explicit and rigorously defined attribute patterns, 



one has succeeded only in obscuring rather than describing or explaining 

observations on the archaeological record. Even if all archaeologists 

shared the same correlates pertaining to artifact use and could agree on 

the attribute patterns that an element must possess in order to invoke a 

given correlate, not much information is conveyed about even the sys

temic context. The systemic context of any element is complex; it may 

go through several kinds of use activities, be recycled, and used again. 

Lateral cycling may occur during a prolonged use life. But application 

of use-related terms to archaeological context materials may lead the 

archaeologist away from asking these important kinds of questions. 

I am not suggesting that site reports consist only of attribute 

definitions each time a type is referred to, only that a list of functional 

or any other types without explicit attribute definitions is not an ade

quate description of an archaeological structure. Arbitrary numbers or 

names are useful summarizing devices for labeling objects as long as 

somewhere in a monograph employing them one can find both an attribute 

definition for any type or a citation to where one exists. The investiga

tor should also specify the past systemic variable or variables that he 

believes are being measured by applying correlates to that and related 

types. This problem is discussed in greater detail in Chapter 9 where 

the chipped stone artifacts from the Joint Site come under scrutiny. 

Settlement Archaeology 

The last example of confusion and misunderstanding created 

through an implicit merging of the archaeological and systemic context 

referents of technical terms is found in the recent literature of settlement 
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archaeology. Chang (196 7a, 1968a, 1972), a major proponent of the 

settlement pattern approach in archaeology, has argued that the settle

ment should be the basic unit of archaeological study. In insisting that 

such a unit must be ". . . both meaningful in terms of sociocultural 

behavior and practical for archaeological application," Chang (1967a:14) 

has set an unattainable goal. To be both behaviorally relevant (in the 

sense of permitting systemic context comparisons) and empirically iden

tifiable in archaeological context (Chang 1967a:15, 41), a unit must be 

based on one or more unsatisfactory equivalence transformations, such 

as settlement equals site or settlement equals component. 

One equivalence transformation made by Chang (1968a:2) is 

between a community (a systemic context concept) and settlement (an 

ostensibly archaeological context concept. A community is defined as 

a single group of people in daily, face-to-face interaction (Chang 

1968a). It is clear, however, that such a group may carry out activities 

at a number of locations. For a settlement to be an archaeological trans

formation of a community's activity areas it must consist of several 

locations. This leads Chang (1968a:3) to define a settlement as 

. . . the physical locale or cluster of locales where the 
members of a community live, ensured their subsistence, 
and pursued their social functions in a delineable time 
period. 

This definition leads to an interesting conceptual impasse: if a settle

ment is an archaeological context concept it must be definable in terms 

of properties of the archaeological record. To identify what Chang (1972) 

calls the "components" of a settlement, that is, the spatially discrete 

locations of a community's activities, requires the use of transformations 

and therefore approximates a systemic context term. 
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Willey (1968) addresses himself to the implications of this 

dilemma by asking whether functionally differentiated sites occupied 

by a community, such as villages and ball-courts, should be considered 

as different components (in the original archaeological use of that term). 

He (1968:211-212) asks: 

Are the village site and the ball-court each components at the 
level of basic archaeological classification? It can be, and 
has been demonstrated, in this particular instance, that vil
lages and ball-courts are remains left by the people of the 
same community. . . . Yet on initial investigation this may 
not be known. Should they, then, be classified apart? And 
is this sort of structure what the device of the "component" 
has implied and should imply? I would agree that such phys
ically isolated entities should be considered apart in the 
early stages of investigation, but I am hesitant to class them 
as separate "components." How, operationally, are we to 
draw consistent lines? (Emphasis mine.) 

This statement points out that the inclusion of initially separate archae

ological components into the settlement pattern of a single community 

requires complex transformations. Settlement and settlement pattern 

are not descriptive terms that apply to the archaeological context. 

Rouse (1972b) has recently introduced several additional terms 

into the lexicon of settlement pattern studies. He (1972b:97) defines 

settlement patterns in systemic context terms and then coins the phrase 

"remnant settlement pattern," which is "to its full pattern as a fossil 

skeleton is to its living counterpart." One expects the remnant settle

ment pattern to be a finely focused archaeological context term that re

lates to units of observation relevant to reconstructing the components 

of a past settlement system. However, further reading leads to disap

pointment as the concept is amplified by Rouse (1972b:99). 
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Instead of signifying features of remains . . . the phrase 
remnant settlement pattern refers to the people who produced 
the remains (emphasis his). 

The network of loci and activity assemblages which comprise 
a remnant settlement pattern may be said to parallel the struc
ture of a site and its cultural assemblages. 

Rouse, Chang, and other contributors to the settlement pattern approach 

in archaeology have made conceptualization of the operational problem 

more difficult by proliferating many concepts that mix archaeological 

and systemic context referents. Settlement archaeology can achieve 

its worthy goals as its practitioners become aware of the need to devise 

dual context languages and provide transformation procedures to docu

ment systemic context parameters through their archaeological context 

manifestations. 

In a review of Rethinking Archaeology, Binford (1972) has 

pointed out some of the dangers that result from mixing archaeological 

and systemic context concepts. He (1972:75-76) writes: 

This problem in Chang's argument stems from his failure to 
distinguish between units of observation and units of rele
vance for synthesis. The basic units of observation are 
artifacts (and minimally, their attributes); these observation
al units may be variously limited by their availability in the 
archaeological record. On the other hand, the organizational 
features of the archaeological record derive from the structure 
of the extinct sociocultural system whose operation produced 
the archaeological record. Analysis of observational units 
should be directed toward the identification of organizational 
components of past systems; the settlement is only one such 
organizational unit. Chang's urging archaeologists to isolate 
the remains of settlements is fine, but this does not consti
tute a shift in the "basic unit of archaeological research." 
At best it is a shift in emphasis regarding aims of synthesis. 

The import of Binford's comments have not been appreciated by settlement 

archaeologists, as evidenced by the continued merging of the two con

texts in their most recent statements (Rouse 1972b; Chang 1972). 
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Binford has drawn attention to the complex nature of systemic context 

descriptions and comparisons and has pointed out that such descriptions 

or comparative units are problem specific, varying with questions one 

might wish to raise about the past. If Binford's arguments are carried 

further, one might ask: How can archaeologists interested in the rela

tionships of past activity locations within community structuring go 

about cleaning their conceptual house and derive meaningful observation

al units that are not based on misleading equivalence transformations? 

The archaeological context term " site" is the only appropriate 

designation for describing the present location of remains, determined 

by correlates as the product of human activity. By applying relevant 

n-transforms one can determine if such a deposit resulted from primary 

or secondary deposition. It should be apparent that activity area is a 

systemic context description of a location of past human activity, not 

the present location of cultural remains (a site). There is no one-to-

one equivalence between activity area and site. At the regional level, 

one identifies a range of activity areas, applies temporal transforma

tions to determine contemporary areas, and then asks: Were any of 

these contemporary activity areas used by members of the same com

munity? Answering this question requires working back and forth by 

means of transformations between the archaeological and systemic 

contexts. 

There are likely to be no useful equivalence transformations to 

make this possible. For example, one cannot derive the components 

(systems theory meaning) of a past settlement pattern by summing ar

chaeological components, defined by similarity in overall artifact 
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inventories (similar components form "foci" by definition; McKern 1939). 

In the Hay Hollow Valley, for example, one would be obliged to include 

B r o k e n  K  P u e b l o  ( H i l l  1 9 7 0 b ) ,  t h e  J o i n t  S i t e  ( H a n s o n  a n d  S c h i f f e r  n . d . ) ,  

N.S. 208 andN.S. 83 (Schiffer 1968; Plog 1969; Zubrow 1971b) within 

the same settlement pattern because of their nearly identical artifact 

inventories. Yet these sites were certainly occupied by separate, but 

admittedly nonisolated groups. Other sites have been identified in the 

valley which are more likely to have formed parts of a settlement pattern 

that included villages and various limited activity areas (Schiffer 1968; 

P l o g  1 9 6 9 ;  G r e g o r y  n . d . ) .  

As originally defined (McKern 1939:308), the component is a 

concept that 

serves to distinguish between a site, which may bear evi
dence of several cultural occupations, each foreign to the 
other, and a single specified manifestation at a site. 

The separation of components at a site is based not only on formal, 

archaeological context criteria but also on evidence for discontinuity 

of occupation which is determined by identifying episodes of noncul-

tural deposition. It should be clear that "component" is not an unam

biguous archaeological context term. The recognition of distinct 

components within a single site requires a set of minimal transforma

tions. This criticism is not intended to question the utility of component 

as a concept. I only wish to clarify its operational basis and the con

text to which it applies. 

The systemic aspects of component as a concept explain why 

Chang (1967a:4 2-4 7) is able to identify settlement components only on 

an intrasite basis—which is not the real problem—and even then only 
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through the application of several transformations. The serious opera

tional problem is not that of identifying successive components of dif

ferent settlement systems at a site (archaeologists have done this 

successfully for decades) but of identifying in the archaeological record 

the sites which in the past formed the spatially discrete activity loca

tions of a single community. Chang does not address—nor solve—this 

problem. Archaeological components are not the isomorphs of past set

tlement components. Settlement components will become accessible 

when means are developed for (1) separately conceptualizing the two 

contexts of archaeological remains and (2) solving the operational prob

lem by means of explicit transformations. 

It is apparent to the disinterested bystander that settlement 

archaeology has not yet provided a viable approach to making credible 

statements about the functioning of activity areas within past settlement 

systems. This is apparent in the collection of papers included within 

Settlement Archaeology (Chang 1968b). Although many of these are in

teresting studies, none attempts to deal in any substantive manner with 

reconstructing the spatially differentiated systems responsible for form

ing the variety of archaeological sites within a region. 

Some success in delineating settlement systems, that is, the 

network of interrelated activity areas of the past, has been achieved 

by Winters (1969). I wonder why this important study is not mentioned 

in Chang's (1972) recent synthesis. Winters succeeds in identifying a 

settlement system of the Riverton Culture composed of four types of 

sites. Winters' approach achieves its aims because he has developed 

archaeological context measures of systemic context activity locations 
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based on a quantitative assessment of artifact composition. To be sure, 

his measures do not provide completely satisfactory transformations, but 

they do present a provisional operational basis for identifying function

ally varied components of a past settlement system through observation 

of the artifact content of the sites (see also Struever 1968b; Thomas 

1973) . 

The use of terms which are either ambiguous in their context 

referents or which clearly cut across both contexts is a symptom and not 

a cause of conceptual confusion. The point made by these numerous 

examples is that a failure to recognize and keep conceptually distinct 

the two contexts of archaeological remains has led to a surprising vari

ety of inappropriate terminological systems and faulty explanations for 

archaeological context observations. Once the importance of the dual 

context distinction is recognized and its many implications appreciated, 

adjustments and major revisions of context languages will follow auto

matically. 

Conclusion 

The archaeological record is a static structure of materials that 

exists in the present. In attempting to use such structures to describe 

the behavioral and organizational aspects of past cultural systems, 

archaeologists are obligated to make statements or assumptions about 

how the structure of the present relates to the structures of a past be

havioral system. A useful way to discuss the relationship between the 

two structures is within the framework of the archaeological and systemic 

context. The use of this dual context framework provides a way to 
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conceptualize and describe the operation of cultural formation processes. 

Cultural and noncultural formation processes transform the 

complex, dynamic structure of the past into the simple and static struc

ture of the present. These processes consist of a highly variable set of 

activities which are described by laws (c-transforms) imperfectly known 

at present. Nevertheless, it is necessary for archaeologists to make 

transformations based on assumed cultural formation processes; it is 

advocated here that means for their independent identification be de

vised. By using identification c-transforms, units of observation rele

vant to a systemic context question (and units of analysis) can be 

specified, thus facilitating transformations. 

The usual merging of the archaeological and systemic contexts 

of remains is to be seen in the many implicit assumptions of equivalence 

—spatial, quantitative, and formal—that are made when the past is re

constructed from the present. This merging is further reflected in the 

proliferation of terminologies that cut across both contexts. A clear 

conceptual distinction must be maintained and supported by the use of 

dual context lexicons if accurate transformations are to be achieved. 

The behavioral archaeologist seeking to make systemic context 

statements about a site must turn his attention toward the construction 

of explicit c-transforms for identifying the refuse composition of various 

deposits and for making quantitative, spatial, and formal transforma

tions. Only when unsatisfactory equivalence assumptions are replaced 

with credible equations and inequalities can the two contexts of archae

ological remains be explicitly and rigorously related. 



CHAPTER 5 

TRANSFORMATION PROCEDURES 
IN SOUTHWEST ARCHAEOLOGY 

In the preceding chapters, a general outline of the transforma

tion problem was presented. Those discussions emphasized the influence 

of transformation assumptions upon inferences and predictions, context 

lexicons, and other facets of archaeological research. I now attempt to 

demonstrate how transformation assumptions relate to other important 

aspects of various paradigms of archaeological research. Specifically, 

I shall illustrate the interplay between research questions, transforma

tion assumptions, and techniques of data acquisition and analysis. This 

discussion is carried out in the context of examining briefly and in very 

general terms the two major research paradigms, "culture history" and 

"culture process," that have guided research in southwestern archae

ology. In discussing these paradigms, it is necessary to homogenize 

and simplify the work of many investigators. It should be recognized 

that the generalizations put forth apply not to individual archaeologists, 

but to two ways of doing archaeology. Further, it is becoming increas

ingly difficult to draw lines between major paradigms in southwestern 

archaeology. Perhaps in the Southwest, a genuine coalescence or rap

prochement has occurred. These generalizations, therefore, have more 

heuristic than historical value. 

Culture History 

Culture history studies began in earnest during the second 

decade of this century with workers, such as Kroeber, Nelson, Kidder, 

90 
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Spier, Hough, and others (see Taylor 1954). The dominant but by no 

means exclusive questions asked by culture historians concern chro

nology and the relationship of archaeologically defined cultures. For 

example, 

1. What pottery types, archaeological features , and other cul

tural phenomena are earlier or later than others? 

2. How do these cultural materials relate to each other in space 

and time to indicate the interaction of archaeological cultures? 

A set of important transformation assumptions are employed by 

investigators attempting to answer these questions. For example, the 

law of stratification, stating that later deposits overlie earlier ones, 

was used to establish temporal relationships between many archaeo

logical features. Examples are the replacement of pithouses by pueblos 

in the Anasazi region (Kidder and Guernsey 1919; Roberts 1931) and the 

sequence of Hohokam house types documented at Snaketown (Gladwin 

and others 1937). Many other innovative techniques for carrying out 

temporal transformations have been employed (for example, Burgh 1959). 

Another assumption about cultural formation processes employed 

by the culture historians is that refuse disposal subsystems were simple 

and produced homogeneous deposits differing only in time or culture. 

An implicit transformation used on an intersite basis that underlies 

these studies is that of an equivalence in space, quantity, and form 

between materials in their archaeological and systemic contexts. In 

other words, objects were discarded on the sites where they were used 

or manufactured; different proportions of items between sites reflect 
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differences in systemic patterns, and cultural formation processes did 

not modify forms beyond recognition, as might occur through recycling. 

The assumptions of equivalence between archaeological and 

systemic contexts when applied on an intersite basis favored the use of 

specific techniques of data retrieval. Probability sampling of sites was 

not considered to be a very serious problem since refuse was assumed 

to be largely homogeneous, except for possible differences in time or 

culture. Emphases in fieldwork included the excavation of trash mounds 

to determine the succession of artifact types and block excavations in 

architectural features to find evidence of stratification. In any event, 

the emphasis was on vertical control to reveal stratification. Dominant 

forms of analysis focused on techniques of assemblage comparisons, 

usually conducted on an unformalized basis (Gladwin 1934). Stage clas

sifications were also employed (Kidder 1924). The results of these 

studies were integrated into a framework which explained changes 

through time and variability in space as resulting from diffusion, migra

tion, and independent invention. 

The results of culture history studies, based on the assumption 

of intersite equivalence in archaeological and systemic context, are 

impressive in many respects. Research in culture history has provided 

descriptions of the archaeological record for many areas of the South

west, outlined the sequence of major events, generated numerous ex

planatory hypotheses, and provided a temporal framework in which other 

questions could be consistently asked. The advent of computers, multi

variate analyses, and theoretical innovations has led to a reexamination 
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of questions long held in abeyance for lack of appropriate methodological 

tools 

Culture Process 

These other questions began to be consistently asked in the 

Southwest during the 1960's by archaeologists interested in culture 

process. These investigators are primarily concerned with the recon

struction of activities, activity locations, social organization, and 

discovery of the processes of culture change. Specifically, the ques

tions asked by investigators, such as Hill (1970b), Longacre (1970a), 

and Plog (1969), working in the Hay Hollow Valley include: 

1. What activities were conducted at a site? 

2. Where on the site were they performed? 

3. How did processes of adaptation to regional cultural and en

vironmental factors affect the activities and social organization 

of a community? 

Assuming, as the processual archaeologists had to, that social 

organization and behavior are reflected in the material remains of cul

tural systems, they also implicitly accepted the assumptions of equiva

lence which had guided several earlier generations of investigators. 

For the first time, however, these equivalence assumptions were applied 

on an intrasite basis. It was assumed that the locations of items in a 

site reflected the locations of their use, that the relative quantities of 

items in different parts of a site reflected intensity or duration of the 

activities conducted there, and finally, that cultural formation processes 

had no significant effect on the formal properties of remains. 
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These assumptions led to a preference for techniques of broad 

horizontal excavation of both architectural and nonarchitectural site 

areas. Such expansive excavations were designed to expose artifact 

and feature distributions, thus reflecting—by the equivalence assump

tions—activity locations of the past. Thus emphasis was placed on the 

description and recovery of artifacts associated with occupation sur

faces . 

Many of these studies have been aided by complex computer 

routines, employing multivariate analytic techniques. The results thus 

obtained have proved to be extremely stimulating, especially to re

searchers in other geographic areas concerned with increasing our know

ledge of the past (Clarke 1968). However, many reasonable doubts can 

be raised concerning the validity of some specific reconstructions, 

especially where cultural formation processes produced remains which 

depart from the equivalence assumptions. Nevertheless, these studies 

have conclusively demonstrated, particularly at Broken K Pueblo (Hill 

1970b) and the Carter Ranch Site (Longacre 1970a; Brown and Freeman 

1964), that the remains within a site are not homogeneous or randomly 

distributed and that deposits within a site may vary along dimensions 

other than time or culture. 

Discussion 

These examples from Southwest archaeology illustrate the close 

relationship between transformation assumptions, problem foci, and 

techniques of data gathering and analysis. However, neither the cul

tural historians nor the culture processualists have apparently fully 
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appreciated the varied nature of cultural formation processes and their 

effects. I certainly do not suggest that all or even many of the trans

formations made in the past were unfounded. However, once the ques

tion is raised, it becomes difficult to evaluate past inferences about 

behavior, historical events, and organization without devising some 

way of independently measuring the cultural formation processes that 

operated. 

The equivalence transformations that underlie the use of 

between-site artifact distributions and frequencies as indicators of 

temporal or cultural differences and within-site artifacts distributions 

as indicators of different activities or social units must be replaced by 

assumptions and laws that model more faithfully the cultural formation 

processes of the archaeological record. 

The tasks facing archaeologists in the Southwest and elsewhere 

who want to use remains to inform on past activity differentiation at a 

regional or site level are several. The first major task is to devise 

general c-transforms which can be applied to a site as a whole for 

establishing the broad parameters of the past behavioral system that 

produced the deposit, such as average population, occupation span, 

and subsistence resources, for comparison on a regional basis. Many 

of these transforms are now used implicitly by a number of archaeolo

gists. It is necessary, however, that they be systematized and formal

ized to ascertain their scope of applicability, as well as indicate where 

testing and further work is needed. In the chapter that follows, extant 

knowledge of quantitative c-transforms applicable to sites as a whole 

is systematized and presented in equation form. 
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The next major task is that of devising quantitative and spatial 

c-transforms that can be applied on an intrasite basis for the reconstruc

tion of fine-grained properties of the past behavioral system, such as 

activities and their locations. In order to accomplish this task, a ter

minological system suitable for describing in detail cultural behavior is 

n e e d e d .  S u c h  a  s y s t e m  m u s t  h a v e  a r c h a e o l o g i c a l  i m p l i c a t i o n s ;  t h a t  i s ,  

systemic outputs of all types should be specifiable. By using this de

scriptive system, various cultural formation processes can be imposed 

upon any hypothetical, spatially differentiated set of activities, and 

the resultant properties of the archaeological structure can be noted. 

By this method, it should be possible to state the conditions under 

which various transformation procedures applied to data produced under 

similar conditions can lead to knowledge about past activities and ac

tivity locations within a site. The purpose of Chapter 7 is to address 

the problems of constructing a descriptive system and devise spatial and 

quantitative c-transforms applicable on an intrasite basis. 

The concepts and principles developed in Chapter 7 are to be -

applied in answering specific questions about activities and activity 

locations within the systemic context of an assemblage of chipped stone 

from the Joint Site, a Pueblo III community in the Hay Hollow Valley. 

The examination of these questions is aimed not at producing specific 

systemic context statements about these remains but at illustraing the 

general transformation procedures. Although it is certain that other in

vestigators will consider the Joint Site test of explicit transformation 

procedures a success to the extent that it does illuminate better than 

past approaches the systemic context of Joint Site chipped stone. 
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Southwest archaeology, like New World archaeology in general, 

has gone from the one extreme of considering the remains at a site to be 

largely undifferentiated rubbish to the other extreme of believing that 

most remains directly reflect activity locations of the past. Neither 

view is adequate for achieving the behavioral and organizational under

standing of past cultural systems that most archaeologists now seek. 

The time has long since come to investigate the cultural formation pro

cesses of the archaeological record and provide (1) accessible c-

transforms and (2) examples of their use in specific transformations. 

It is to this subject that I now turn my attention. 



CHAPTER 6 

C-TRANSFORMS: A COARSE VIEW 

In this chapter, I attempt to provide explicit c-transforms relat

ing quantitative variables of a cultural system to variables describing 

quantitative aspects of its outputs. In deriving these equations, most of 

which are known to archaeologists in implicit form, I take as a starting 

point the life history of durable elements. In so doing, I make use of the 

gross process labels for systemic context descriptions presented in 

Chapter 4. 

Preliminary Definitions and Principles 

Before these c-transform equations can be derived, some sym

bolic notation and preliminary definitions are required. The following 

symbol set is used to refer to basic processes in all formulations to be 

presented: 

P - procurement 

M - manufacture 

R - replacement 

U - use 

D - discard 

T - transport 

S - storage. 

All elements participate during their systemic context in one or more 

members of the set X, where X= (P,M,R,U,D,T,S). Let Cp denote the 

98 
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set of elements with which the one of interest is conjoined or associated 

during a process p, where p X. 

Let Fp stand for the occurrence frequency of any process p. By 

definition, if Fp = 0, then Cp = jrf. Under the special case when = 0, 

then Cm = f6 and Cp = f 6 .  

By definition, an element undergoes only one act of procurement, 

manufacture, replacement, and discard during its systemic context (as

suming no recycling). This being the case, the total occurrence of each 

process for an element will be the same, corresponding to the total quan

tity of elements. This can be stated as a principle: 

Tp = TM = Tr = Td (1) 

where Tp is the total occurrence of process p. In other words, for most 

element classes, the number of times procurement of an element occurs 

is equal to the number of times manufacture, replacement, and discard 

occur—regardless of where these events take place. 

If one makes the assumption that these processes occur during 

the same span of time t (an assumption useful for some questions and 

principles, but dangerous for others), several additional principles may 

be derived. Because these processes occur over the same amount of 

time t and during this period they involve the same number of occur

rences , it follows that over that time interval the average rate of all 

processes is the same. In symbolic form: 

FP = fM = ?R = FD (2) 

where, Fp is the average rate of process p. One can also assume that 

all processes occur at the same rate, not just the same average rate. 
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This is expressed as: 

Fp = FM = FR = FD (3) 

where, Fp is the rate of process p. 

These equations describe the operation of the total system in 

which an element is a component. They refer to the occurrence of all 

processes whether they take place at one site or are distributed among 

several. In most systems, the processes involved in the systemic con

text of many elements are spatially differentiated. Under the conditions 

of spatial differentiation of these processes, it should be possible to 

use the variations between frequencies of various processes at a loca

tion to define operationally certain kinds of intrasystemic variability. 

The following definitions, applicable to the elements of an activity area, 

are proposed: 

if FR > Fj}, then reuse (4) 

if FJ} > FR , then export (5) 

if FD > Fjyj, then import (6) 

if FM > Fd, then export or reuse (7) 

if FM < Fr , then import (8) 

if FM > FR , then export. (9) 

A given process p occurring at a rate F and acting through 

time t produces a total number of elements Tp. In short: 

Tp = Fpt. (10) 

Tp is an important variable, since in some cases Tj} equals the total 

number of elements recovered by the archaeologist (Te). 
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The Basic Equation 

Tj3 can be approached from a different path. Many quantitative 

studies in archaeology have made implicit use of a general equation 

which is relevant to the determination of T;q. In fact, in the past several 

years, a handful of archaeologists have independently rediscovered some 

of the important variables affecting TD. The first such variable is the 

uselife of a cultural element (Binford n.d.; David 1971, 1972; Foster 

1960; Schiffer 1972b, among others). The uselife of an element is sym

bolized by L. If all other variables are constant, Tp will vary inversely 

with uselife, or TD = f(1/L). 

Another important variable that determines Tq is t, the time 

span over which the systemic process operates for an element. In many 

cases, t is equal to the occupation span of the site under examination 

(see Willey and McGimsey 1954). All other variables constant, To varies 

as a direct function of t. Symbolically, Tq = f(t). 

The last variable of interest is the total number of elements 

that are normally in the use process at any given time during the opera

tion of the system. This variable, represented by S, is termed the sys

temic number. Clearly, as S varies, Tp follows directly; in short, 

Td = f(S). 

Combining the above statements of functional relationship pro

duces the law: 

TD = -f-. (11) 

For this equation to operate properly, the temporal units of t and L must 

be the same. Uselife (L) is expressed in units, such as years per ele

ment, while S is dimensionless. Performing a dimensional analysis on 
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equation (11) reveals that Tp is expressed as a quantity of elements. 

This law is based on the following limiting assumptions: 

1. There is no change in the uselife of an element during its 

period of use (t) at a site. 

2. There is no change in the systemic number (S) of an element 

during its period of use (t) at a site. 

Rearranging the terms of equation (11) produces the following additional 

statements: 

L=-|l- (12) 
TD 

TDL 
S = — ( 1 3 )  

TDL 
t = —jp- . (14) 

Referring back to equation (10), one notes that it holds a term 

in common (Tp or T-q) with equation (11). Two quantities equal to a third 

quantity are equal to each other, therefore 

Cancelling the t's produces: 

F D = - F - .  ( 1 5 )  

Total Elements as a Function 
of Use Variables 

Perhaps the most common way that the archaeological record is 

discussed or the elements of it summarized and compared is by frequency 

of occurrence or relative frequency. Archaeologists then use intersite 

and intrasite diachronic and synchronic statements of such variation as a 
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basis for interpretation. "Increasing use" or "changing popularity" is 

often cited as an explanation for the observed changes in element fre

quencies through time, while the age-area hypothesis or variants of it 

are cited as the explanation for synchronic variability. It is possible 

to criticize these explanations on a number of counts, especially be

cause of the inherent ambiguity in such use-related terms as popularity. 

A number of other investigators have criticized the use of sherd counts, 

rather than whole vessel counts (Newell and Krieger 1949; Baumhoff and 

Heizer 1959; David 1972), but they do not go far enough. 

Let us assume that there is a site that has been occupied for a 

sufficiently long period of time to provide evidence of changed ratios 

between two categories of elements. These elements, a and b, have a 

total occurrence of Ta and , for each time period. During the later 

period, the ratio of Ta/Tb increases. 

If one were to explain this change in terms of changes in popu

larity or in use, he would have provided no explanation at all. There 

are at least two ways that a change in element ratios can be explained 

in terms of patterns of use: if S (systemic number) changes or if fre

quency of use (Fy) changes. This can be proved in the following manner. 

Equation (11) states the basic variables determining the total quantity 

of any element discarded in the past (TD = (St)/L). The question is: How 

can TJ-J be made a function of Fy? The answer is relatively simple. L 

may be expressed as a function of both Fy and the variable total use 

symbolized by Ty (for the sake of simplicity, it is assumed that 

TD = Te> • 
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The total uses Ty of an element is a function of the uselife and 

the frequency of use, or 

Ty = LFy . (16) 

Transposing terms, we also derive 

L =-l*L . (17) 
FU 

Substituting in equation (11) for the quantity L, one arrives at 

TD=—Q— . (18) 
Tu/pu 

Rearranging terms produces the following equation: 

(19) 
TU 

Under the conditions when T^ = Te and all other variables con

stant, if Fg increases or decreases, Te will vary directly and in the 

same direction. If S increases or decreases, so will Te. Therefore, to 

say that a change in Te or change in the ratio of Ta to Tfc reflects "in

creasing use" is ambiguous. Te is dependent with respect to at least 

four other variables. A change in one or more of these can cause a 

change in Te. 

Several implications of this equation may be explored. Suppose 

that an archaeologist recovers an element type that can occur in several 

different materials; for example, a projectile point of chert or chalced

ony. The elements made from these materials are identical in terms of 

shape and use except that b differs for each. Let us say, hypothetically, 

that chert is more durable than chalcedony. If at first chalcedony were 

the material in constant use and later (all other variables constant) chert 
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became used exclusively, one would expect by equation (19) that Ta/Tj-, 

would change (where a is chert and b is chalcedony). 

In many cases, it is possible to express S as a function of 

population or the number of social units of a particular composition once 

present. This equation takes the following form: 

S = kc (20) 

where k is a constant referring to the quantity of any element in use by a 

given social unit, while c is the number of such social units. This value 

of S can be inserted into equation (11) to yield a value of Te that de

pends on social unit quantity (assuming Tq = Te): 

Te=JS£L. (21) 
Li 

Various transpositions of this equation yield formulas useful for estimat

ing the other variables. 

Discard Rate 

Up to this point it has been assumed that no changes took 

place in the important variables operative during the occupation of the 

site. An equation of potential utility would allow Te to be considered as 

a variable which is expressed as a rate of system output dependent on 

various patterns of use. By equations (4) and (11), since Fpt = Te and 

(SFytJ/Ty = Te, it follows that Fpt = (SFutJ/Ty. Cancelling the t's and 

substituting D for p yields: 

FD = -^T- (22) 

This is the basic equation for discard rate expressed as a function of 

patterns of use. We can transpose still further and arrive at discard rate 
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as a function of social unit variables. Using the form of S provided by 

equation (2), we arrive at: 

FD=J^« (23) 

By substituting L for Fu/Ty (by equation 16) we may present a simpler 

expression for discard rate: 

FD = . (24) 

Waste Products 

If there is a constant rate of waste production (and ultimately 

waste discard) with respect to the rate of manufacture of an element, 

then it is possible to gain knowledge about past manufacture rates of 

the element from the observation of the discarded waste products (Orton 

1970). Assuming that the discard and manufacture rates are equal 

(Fm 
= Fj}) for the waste products, one should be able to express this 

rate as a function of the manufacture rate of the element times a waste 

production constant: 

FMkl = FD (25) 

where ki is the ratio of a given kind of waste material to the number of 

elements manufactured. This relationship can be turned into a predictor 

of the total occurrence of waste products of an element by substitutions 

from equation (10). Substituting Te/t for Fj} in equation (25) results in: 

fM^1* — Tw (26) 

where ' Tw is the total occurrence of the waste products of the manufac

ture of an element. 
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Translation of these equations into archaeological context terms 

is straightforward. Putting equations for Tw and Te into the form of 

solving for FD and FM gives, respectively, 

FD = Te/t and = Tw/kit. 

If there is no export, import, or reuse of the element, then F^ must 

equal Fm (by principles 6 and 7). In that case, 

Te/t = Tw/kjt. 

This reduces to 

klTe = Tw- (27> 

This equation holds when there is neither import nor export of the element 

from the site under discussion. The following principles can now be 

stated which pertain to the occurrence in the archaeological record of 

elements and the waste products of their manufacture: 

if kjTe < Tw, then the element has been exported or 
recycled; (28) 

if kjTe > Tw, then the element has been imported. (29) 

Reuse 

Taking a similar tack, it is possible to derive a test for the 

reuse of an element. Let Ta be the total occurrence of element a at a 

site. We are interested in testing whether reuse of that element oc

curred in the case where further use or reuse modified the elements to 

the extent that they can no longer be recognized in the archaeological 

record as once having been an a. To arrive at archaeological tests for 

the reuse statement (Fr > Fq) , one must devise a way to measure Fr of 

a. Let us postulate the existence of a second element b which, in the 

use process, occurred in a constant ratio to a, though it need not have 
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been a conjoined element (Cy) • In other words, 

Sak2 
= Sj^ . (30) 

Let us take the simplest case where the uselives of these elements are 

identical (La = L^,). Dividing equation (30) by their respective uselives 

yields: 

(Sa/La)k2 = Sj^/Lfc. (31) 

Even when La ^ L^ the equation will hold, but the value of k2 must differ. 

Referring to equation (15), we discover that S/L equals Fp, which in this 

case is Fr. Substituting Fr in equation (31) produces: 

FRa
k2 = FRb (32> 

if reuse of only a is occurring, we know by equation (4) that Fr > FP. 

Substituting Fq in equation (32), we arrive at the inequality: 

FDa
k2 < FDb- (33) 

Substituting T/t for F^: 

(Ta/t)k2 < Tj/t. (34) 

Multiplying both sides by t produces: 

^"ak2 C ^b* (35) 

Under conditions when a is being reused and so modified as to 

be unidentifiable archaeologically, it is possible to demonstrate recy

cling if one can find another element b whose systemic number is a 

constant known function of a. The above equations prove that recycling 

can be demonstrated in this manner (assuming, of course, that b is not 

reused). 

Having come this far it is a simple matter to return to equation 

(33) and reverse the inequality to arrive at a statement that describes 
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the conditions of element a being imported: 

fDa < FDb' (36) 

Following the same steps as in deriving equation (34), one finds that 

Tal<2 y when an element has been imported. 

Process Duration Relationships 

To this point it has been assumed that various processes within 

the life history of an element type occurred over the same span of time 

and at the same average rate. For many problems, this simplification is 

useful and justifiable; but other problems require one to establish more 

refined relationships between the duration of various processes. This 

point is illustrated by examining traditional monistic views of the concept 

"life span" and observing how the uncritical use of this concept in some 

contexts may obscure important variability. Some solutions to these 

problems are indicated. 

The life span of a type, in years, is a complex variable and its 

meanings must be precisely specified and kept distinct. One may be 

referring to the total number of years an element was manufactured or 

the total number of years that an element type was in use by a cultural 

system. Even further, one might have interest in just the number of years 

that elements of a type were discarded by a system. These quantities 

need not correspond in magnitude or in the absolute times when these 

events occurred. 

In the construction of archaeological chronologies, even those 

based on tree-ring-associated ceramics (Breternitz 1966), it is assumed 

that repetitive associations in specific archaeological contexts can serve 
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to delimit the time span over which a particular element type was manu

factured or traded (Breternitz 1966:1). It is difficult to justify this as

sumption on the basis of probable cultural formation processes of the 

archaeological record. To demonstrate this, several variables must be 

first defined. The use span (Sy) or period when a type was in the use 

process is not sufficiently differentiated conceptually or operationally 

from the manufacture span (Sj^) or the discard span (So)—the use of 

these terms expands upon a discussion by South (1972:76). These quan

tities are defined as the difference, in absolute years, between the be

ginning of the process M,U,D and its termination. For example, if the 

manufacture of St. Johns Polychrome begins at A.D. 1200 and terminates 

at A.D. 1300 (Breternitz 1966), then Sj^ = 100 years. Each of these 

quantities, the beginning and end dates of a process for a type, can be 

symbolized by the following notation: ptj^ and pt2» where ptj equals the 

initiation of process p and pt2 is the absolute date at which that process 

terminates. 

Because no use or discard of an element can occur before manufacture, 

the smallest quantity among those listed above is Mt^. But it should be 

possible to express some of the other variables in terms of Mt^. Assum

ing that there is no appreciable time lag between the beginning of manu

facture and the beginning of use owing to transport or other variables, 

By definition, the following relationships are obtained: 

Sy — Ut£ " Utj 

SM = Mt2 " Mtl 

= Dt2 — Dtj • (39) 

(38) 

(37) 

Uti = M^. (40) 
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Assuming that discard begins when an appreciable quantity of the element 

is no longer found suitable for use, Dtj must be a function of Mtj and 

uselife (L): 

Dtj = Mtj + L. (41) 

After manufacture activities are terminated (or procurement of a trade 

good ceases), some elements will still remain in use; this increment of 

time should also depend on the uselife: 

Ut2 = Mt2 + L. (42) 

When these last elements cease to be used, they will be rapidly dis

carded (assuming no recycling), therefore: 

Dt2 = Mt2 + L. (43) 

We can now place the just derived values of Ptj and Pt2 into 

the equations for Sp. Manufacture span is given by the equation 

Sm = Mt2 - Mtj. (44) 

Using the values of Utj and Utg from equations (40) and (42), respective

ly, yields Sy: 

S j j  = (Mt2 + L) - Mtj. (45) 

By a similar process, we arrive at the value of Sp: 

Sp = (Mt2 + L) - (Mtj + L). 

This reduces to: 

Sp = Mt2 - Mtj . (46) 

Therefore, 

SM = SD (4 7) 

and 

SU = SM + L- (48) 

In other words, use span is always the largest of the three quantities, 



while manufacture span and discard span are equal. Quite clearly, as 

L/Sm approaches zero, the three quantities will tend toward equality. 

Whether one must be concerned about the variation in the duration of 

these processes depends on one's questions. 

Conclusion 

The judicious application of the various equations presented in 

this chapter in full awareness of their limiting assumptions provides a 

first approximation to explicit quantitative c-transforms; use of which 

will allow a transformation to be made between the archaeological and 

systemic contexts of the remains at a site. It should always be kept in 

mind, however, that one must take into account noncultural formation 

processes, because in many cases Te. It is to the subject of pro

viding spatial and quantitative c-transforms useful on an intrasite basis 

that I now turn. 



CHAPTER 7 

C-TRANSFORMS: A FINE-GRAINED VIEW 

The equations presented in the previous chapter are useful for 

solving aspects of the quantitative transformation problem at a regional 

level. To answer questions about intrasite behavioral variability it is 

necessary to effect more detailed transformations—both spatial and 

quantitative. The purpose of this chapter is to provide a set of concepts 

and c-transforms useful for answering behavioral questions on an intra

site basis. The transforms generated in this chapter are applied in later 

chapters to derive systemic context statements about the chipped stone 

from the Joint Site. 

The starting point for constructing intrasite c-transforms is the 

constituent activities of an activity area rather than the basic processes 

of any element's systemic context which were used in the derivation of 

the c-transforms of the preceding chapter. Before it is possible to shift 

perspective and concentrate on the relationship between elements in ac

tivities across space, a more complete fine-grained language for describ

ing systemic context phenomena must be devised. The question can then 

be raised as to how various activity patterns are transformed spatially 

and quantitatively into archaeological remains. This discussion leads 

to the simulated application of various cultural formation processes to 

hypothetical behavioral systems with the result that transformation pro

cedures, applicable under certain conditions of activity structuring and 

cultural formation processes, are suggested. 

113 
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Terminology for the Systemic Context 

In order to transform observations on the archaeological record 

into statements about their systemic context (and vice versa), the ar

chaeologist needs to employ lexicons or terminological sets to describe 

both the structure of a site and the structure of a past system. Although 

descriptive languages for the archaeological record are widespread, vary 

regionally, and are for the most part adequate (although lacking system-

atization), systemic context descriptions have received very little at

tention. To be useful for fine-grained activity reconstructions, a 

descriptive language of the systemic context must lend itself to archae

ological application by focusing upon human social units, their behavior, 

and how both of these aspects of an ongoing system relate to attributes 

of material objects in space. Further, such a scheme must take explic

itly into account the contribution or potential contributions that any 

instance of behavior makes to the archaeological record of that system. 

Goodenough: the Emic Approach 

Cultural anthropologists have devised a wide variety of con

ceptual and terminological schemes to describe aspects of ongoing 

systems. The work of Goodenough (1970, 1971) seems to occupy a 

prominent place in the current arsenal of cultural anthropological strat

egies for description. Goodenough argues that description must proceed 

on the emic level and produce, through the application of various ethno-

scientific techniques, a series of cognitively meaningful distinctions 

within limited behavioral domains. From such a set of distinctions, 

culturally meaningful situations and rules of appropriate behavior can be 
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derived. This, in turn, leads not only to a formally adequate description 

of a cultural system but also to "theories" of culture. Such descriptions 

or theories of culture consist of the rules one presumably knows in order 

to behave in an appropriate manner as judged by the culture bearers. The 

predictive powers of such theories of cultures are not to be directed at 

behavior itself but on whether a culture bearer will judge an instance of 

behavior as appropriate or inappropriate. A science of binary opposition 

seems to have developed among some anthropologists. 

The advocates of this approach to description deny that com

parisons on the behavioral level can be made without prior documentation 

of emic, culture-specific concepts. And furthermore, their position does 

not seem conducive to describing organization or explaining cross-

cultural variability in organizational and behavioral variables. But com

parisons unhampered by emic considerations are a must in archaeology. 

Statements, such as that of Goodenough (1971:22): 

To make predictive statements about actual behavior, we 
must first know the culture of which that behavior is an 
expression, 

are not only anathema to archaeologists, but they are unwarranted in any 

context. Locational geographers (Haggett 1965; Morrill 1970), behavior

al archaeologists (Schiffer 1971c, 1973) and even cultural anthropolo

gists (Chappie 1970) have produced lawlike statements pertaining to 

classes of events without recourse to the inside view of the behavioral 

system under study. Goodenough and others have failed to grasp the 

concept of a behavioral system and the many ways in which the variables 

of such a system can be measured and related. The criteria for judging 

the appropriateness of such lawlike statements derive from the culture of 



116 

science and concentrate on explanatory relevance, testability, and 

statistical adequacy and do not depend for their validity on the approval 

of the individuals making up the system under study. Should we hesitate 

to apply a measure of sociocultural complexity to Mousterian cultural 

systems because Neanderthals lacked the concept of sociocultural com

plexity? 

Worse still, Goodenough's approach to description takes no 

account of the formation of the archaeological record. We cannot hope 

to discover archaeologically emic rules for cultural formation processes; 

we can, however, observe the results of actual behavior and attempt to 

explain them in terms of other measurable systemic but non-emic vari

ables. It is incumbent upon archaeologists to find etic means for de

scribing and identifying the behavior patterns that produce archaeological 

remains. 

Harris: the Etic Approach 

Another descriptive system has been originated by Harris (1964) 

to arrive at meaningful etic dimensions along which to describe and ana

lyze behavioral variability. His strategy concentrates on describing the 

sequence of behaviors of individuals or groups in a system and attempts 

to organize these behaviors into more abstract, composite units. His 

notational system seems to be a promising (although cumbersome) tool 

for observers of modern behavior, when continuity in actors can be in

dependently established. But an actor-activity orientation does not seem 

wholly appropriate for the archaeological situation. It should be possible, 
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however, to borrow from Harris an interest in the "behavior stream" or 

continuum and redefine its focus for archaeological purposes. 

An Archaeological Approach 

Activities. In the scheme presented here, the basic unit of 

behavior is the activity. An activity is defined as the interaction be

tween at least one energy source and one other cultural element (Schiffer 

1972b:157). Naturally, environmental materials, once acted upon by 

energy sources, become elements within a behavioral system. An 

activity structure is made up of all activities participated in by a desig

nated social unit (this definition differs slightly from my earlier use of 

the term "activity structure"; Schiffer 1972b:157). For example, one can 

discuss the activity structure of a community (which may or may not be 

isomorphic with the activities performed at a site) or the activity struc

ture of a nuclear family. 

Activities and Space. A location of activity performance is 

termed a locus (Binford 1964). An activity set (Struever 1968a:135) con

sists of all activities repetitively performed within a specified unit of 

space. This unit of space is called an activity area (Struever 1968a:135) 

and is made up of the various loci of individual activity performance. 

For some purposes, an entire site may be considered as an activity area, 

while smaller units of space are more appropriate for other problems. 

Behavioral Chains. In order to bestow archaeological implica

tions upon the composite activity units just discussed, frames of refer

ence, such as social groups or locations, must be temporarily set aside. 

Instead, the "life history" of material elements within their systemic 



118 

context is of interest. It is this aspect of the behavioral stream which 

is relevant for archaeological uses. After considering activities from 

this perspective and discussing the archaeological implications, I shall 

attempt to reexamine some of the composite units and provide a set of 

preliminary quantitative and spatial principles by which sound transfor

mations may be facilitated. Many of the important features of "behavior

al chains," especially their uses for generating hypotheses and test 

implications, are not discussed here (see Schiffer n.d.). 

"Behavioral chain" is the term applied to the sequence of all 

activities in which an element participates during its systemic context 

(Schiffer n.d.). Behavioral chains may be divided into designated por

tions called segments, of which the smallest is a single activity. (Be

havioral chain segments may be defined to correspond to gross system 

processes, as described in the previous chapter, but they need not be.) 

Each activity is defined by seven components: 

1. A specific behavioral description of the activity. 

2. The nature of the constituent human and nonhuman energy 

sources. 

3. Element(s) conjoined or associated with the one under consider

ation. 

4. Time(s) and frequency of activity performance. 

5. The locus of activity performance. 

6. Points at which other elements integrate with or diverge from 

the element under consideration. 

7. The pathways created to the archaeological record by the out

puts of activity performance. 
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These essential components of any activity are now given more explicit 

definition. The examples in the following discussion refer to a partial 

behavioral chain segment for Hopi maize, derived from ethnographic 

sources (Fig. 8). Where no authors are specifically cited for the infor

mation listed under an activity component, I have simply made a reason

able guess in the absence of the relevant data. 

Activity Definition. The nature of the activity is one of the 

most important components. Activities should be described in terms of 

the dynamic relationships among the various interacting elements. For 

example, in using the term "grinding" one is attempting to be precise in 

designating a set of behaviors. Grinding implies that the object of the 

activity, such as maize, is being worn down by the application of a 

tool. Because the attributes of tools make them more or less suitable 

for behaving in a certain way, the precise specification of a behavior 

can lead to a listing of the attributes a conjoined element must have 

possessed (or acquired through use). These inferences are made pos

sible by application of correlates that state relationships between mor

phological attributes of objects, behavior, and the results of behavior 

in terms of use-designated attributes of the objects (see Chapter 9). 

Naturally, this kind of activity definition can lead to the construction 

of test implications for any hypothesized past activity (when coupled to 

the relevant transforms or transform stipulations). 

Energy Sources. The number and nature of human energy 

sources is a designation of the social unit of activity performance (Free

man 1968). This unit consists of any and all humans associated with the 

element during a specific activity. The concept of social unit of activity 
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performance applies minimally on two levels: the individual and the 

societal level which is recurrent. For example, one might point out that 

among the Hopi a post-pubescent woman does the coarse-grinding of 

maize. At another level of analysis one might want to specify that the 

social unit of coarse-grinding maize is all post-pubescent women of a 

society, in this case, a status is specified. It should also be possible 

to consider and describe patterned internal variability in a society for a 

social unit of activity performance. 

Nonhuman energy sources include the sun, wind, fire, and 

machines. 

Conjoined Elements. The conjoined elements are all elements 

(excluding energy sources) that are associated with the one under con

sideration during the activity. They should be conceived of in terms of 

the attributes critical to their interaction. This implies that not all at

tributes of form are relevant for the description of an element or its 

identification. 

Times and Frequency. Reference is made here to the class of 

usual performance times and frequencies (with the stipulation that vari

ability can be encompassed in specific applications). As an example, 

among the Hopi the activity of metate stone procurement took place 

yearly in the winter (Bartlett 1933). 

Locus. The locus of activity performance ordinarily refers to a 

location or class of like locations within a site; they can be specified 

relative to each other or with respect to stationary features of an area. 

Chain Intersections. In constructing the behavioral chain of an 

element, it may be necessary for some problems to specify when another 
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element has become attached or when a diverging chain segment is 

created. For example, spices and other ingredients become part of the 

maize behavioral chain during "dumpling preparation" activities. In the 

case of divergence, one can cite the separation of kernels and cob; the 

latter forms a new divergent chain segment (see Fig. 8). 

Outputs or Pathways. At every point in the behavioral chain 

that is labeled "output," a path exists through which materials may be

come part of the archaeological record. In the case of outputs, such as 

waste during storage, including pollen grains and some seeds, the ma

terial may undergo no further cultural transport or discard. Other path

ways are more complex. For example, waste produced from cooking or 

mixing activities constitutes an obvious inconvenient and unsanitary 

residue that would most likely be cleaned up, transported, and discarded 

as secondary refuse. In societies with highly developed refuse disposal 

systems, most elements make their way into the archaeological record at 

locations other than those of their use, and it is necessary to specify in 

the appropriate component of the behavioral chain exactly how and where 

these discard activities take place. (Data are incomplete in the Hopi 

maize example.) 

In addition to the pathways by which waste products begin their 

way into the archaeological record during activity performance, there 

exists an additional and extremely important source of outputs. Any 

element may terminate its uselife during an episode of activity perfor

mance. If each instance of activity of performance is defined as one use 

for all constituent elements (except consumables), then the quantity of 

any element (including the reference element) terminating its uselife 
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during an instance of activity performance may be expressed as follows: 

C = 1/Ty (49) 

where: 

C = the number of elements exhausted during one instance 

activity performance. This variable is termed the output 

fraction. 

Tjj = the total number of uses of which an element is capable 

during its uselife. In cases where reference is made to a 

class of elements, Ty designates the average number of 

uses per uselife of each element. 

As a result of this relationship, one would expect an instance of activity 

performance to create the following pathways to the archaeological 

record (when there is no reuse): 

Y = Cj + C2 . . . + Cn (50) 

where: 

Y = the total number of elements (1 . . . n) exhausted during 

one instance of activity performance. 

Ci . . . Cn = the respective output fractions of all elements 

(1 ... n) of an activity. 

Quantitative Transformations 

It should now be possible to return to the more abstract units, 

activity set and activity area, and to couple them with the concepts just 

presented to derive quantitative c-transforms. If one instance of activity 

performance results in the following pathways to the archaeological 
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record (when there is no reuse and waste is minimal): 

y  =  C i + C 2 /  .  .  .  +  C n ,  

then the pathways (Z) created by one instance of performance of an ac

tivity set is equal to 

I* (51) 

Because the performance frequencies of the activities that com

prise an activity set are likely to differ among themselves, a more useful 

expression of this equation takes into account both performance frequen

cies and the duration of activity performance. To construct this equation, 

several more terms must be introduced. The activities of any activity set 

are Aj . . . AH, and the performance frequencies of each are represented 

as . . . FAn< In addition, let t be equal to the interval of time over 

which an activity set is conducted. The total pathways formed by the 

operation of an activity set during time t can be expressed as: 

Z = t(YFAl + YFA2 . . . + YFAn). (52) 

It should be clear that this equation provides only a partial 

quantitative transformation between activity sets and the archaeological 

record. For each element of an activity, there are two coefficients which 

can be included to provide the last link in quantitative transformations 

between the systemic and archaeological structures. These coefficients 

are r and d, recycling and decay (or other loss), respectively. Each 

activity A^ then consists of 

Y = rdCi + rdC2 + rdCn. (53) 

When this representation of Y is placed into equation (52), a new quan

tity o, equal to what is actually observed in the archaeological record, 

is produced. There is little need to expand equation (52) beyond its 
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present form; let it be noted, however, that in that equation, Y takes on 

the values listed in equation (53). 

An important implication of this expression is that regardless 

of the amount of time t over which an activity set is conducted the quan

tities of different elements produced are in constant proportion to one 

another, as long as the relative performance frequencies of the activities 

within the set do not change. If this is the case, then correlational anal

ysis of one form or another (such as multiple regression or factor analysis) 

might be useful to isolate from the archaeological record, elements dis

carded from individual activity sets (if the spatial transformations pro

duced by cultural formation processes can also be taken into account). 

Spatial Transformations 

To determine the applicability of correlational analysis to de

rive elements of an activity set, various spatial transformations must be 

applied to hypothetical activity sets, single and multiple, to simulate 

the production of the archaeological record under different conditions. 

It should then be possible to state the conditions under which various 

transformation procedures based on correlational analysis can be ex

pected to yield the elements of an activity set. The last model to be 

presented is an attempt to replicate relevant conditions of the Joint Site 

so that appropriate transformations can be chosen for later use. 

Single Activity Set 

Single Primary or Secondary Refuse Area. The simplest possible 

case is that of a single activity set which produces a single primary or 

secondary refuse area. Under these conditions, the inventory of items 
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in the refuse area provides the inventory of items used within the activity 

set. When applied to the refuse of a site taken as a whole, this trans

formation can yield coarse hypotheses about the activities conducted 

(Schiffer n.d.), but fine-grained analyses of activity variability, 

change, and location are precluded. The quantitative transformations 

developed in the preceding chapter are applied most usefully under these 

conditions (when the site as a whole is taken as the activity area). 

Multiple Secondary Refuse Areas. If any activity set is con

ducted over three different periods, when tj ̂  t2 / t3, different total 

quantities of various elements will be produced, which have the useful 

property of being proportional to one another as long as the relative per

formance frequencies of the constituent activities is constant over time. 

If the quantities output from an activity set are discarded first in one 

location and later in another, then the elements of the activity set 

should be identifiable by their mutual correlations among the multiple 

secondary refuse locations. These correlations are produced by the 

constant proportionality among activities and elements within the set 

and the different total outputs. 

Multiple Activity Sets 

The situation is rarely so simple as portrayed in the two cases 

above. Multiple activity sets, multiple tool use within different ac

tivities of the same set, sharing of the same activities and hence ele

ments between sets, and various patterns of spatial transformations, 

all combine to make the task of activity set recognition more difficult. 

I shall now discuss several of these problems and assess the effect 
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that they might have on the production of the archaeological record and 

attempt to determine the appropriate analytical techniques. 

Multiple Primary Refuse Areas. A number of possibilities pre

sent themselves with the case of multiple activity sets. We shall begin 

with the simplest case of total discreteness (or nonsharing of activities 

and elements) among the activity sets. If all outputs from each of these 

activity sets are discarded as primary refuse, the classic paradigm of 

processual archaeology, consisting of localized activity performance 

and localized artifacts in the archaeological record, is approximated. 

Under these conditions, techniques for describing differential distribu

tions, especially simple artifact plots, are sufficient to discern primary 

refuse areas corresponding to activity areas. (It should be reaffirmed 

that the identification of any of these refuse types must be achieved 

independently of the other transformations which are applied to them.) 

Single Secondary Refuse Area. Multiple discrete activity sets 

can also give rise to a single secondary refuse deposit. This situation 

is encountered when the entire refuse output of a community is gathered 

and discarded together in another location. Specific element associa

tions within this kind of refuse are complexly determined by the logis

tics of refuse removal, storage, transport, and discard systems. I have 

elsewhere presented several hypotheses which explain some circum

stances under which one might expect spatial associations within a 

secondary refuse deposit from the same activity set (Schiffer 1972a). 

The recognition of these association patterns would seem to require ex

ceptionally fine excavation control to permit the recognition of individual 

discard episodes (Schiffer n.d.). 



128 

It is possible, however, to conceive of conditions that might 

lead to a more ready identification of the elements of activity sets that 

are found within a single secondary refuse location. If there is some 

variation in the frequency with which the outputs of the activity areas 

are discarded in the secondary refuse area, a nonhomogeneous deposit 

will result. It might be possible to record the artifacts of such a refuse 

area in arbitrary levels and sections and combine these analytically in 

various ways as if they had formed multiple secondary refuse locations. 

(It should be clear that this is one instance where a representative 

sample from a midden is not the desired result. If all samples are the 

same, then there can be no discovery of activity set elements.) 

Multiple Secondary Refuse Areas. Let us turn to the case of 

multiple secondary refuse locations. When multiple activity areas give 

rise to multiple independent secondary refuse locations, the latter can 

be treated as if they were primary refuse. In other words, there is a 

one-to-one correspondence between activity area and refuse area. Dif

ferences in the element composition of refuse areas provide direct in

formation on the element composition of activity sets and areas. It 

should be apparent that this transformation is already applied by archae

ologists at a regional level; that is, the site as a whole is taken to be 

one activity area and all refuse found therein is considered to be pri

mary at a regional level, whether it is primary at a site level or not. 

This useful transformation underlies the Binfords' activity reconstruction 

for several Mousterian sites (Binford and Binford 1966). 

Let us now turn to the more complicated case of multiple secon

dary refuse locations which are contributed to differentially by multiple 
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activity areas. In this case, believed to approximate Joint Site cultural 

formation processes, one might expect that activity areas contributed 

largely, but not exclusively, to the nearest secondary refuse area. 

Under these circumstances (and the case where single secondary refuse 

areas are treated as multiple secondary), one would expect a uniform 

inventory of cultural elements among all secondary refuse areas, but the 

differential contribution of each activity area produces variability in 

frequencies that can be exploited by a factor analysis. It should be pos

sible to partition out the elements of discrete activity sets on the basis 

of their constant proportionality among the secondary refuse locations. 

Simulations 

The arguments presented above need not be taken on faith. It is 

possible to set up several situations as testable hypotheses. These 

hypotheses can then be tested on artificial data which are produced to 

model closely the situation of interest. The recommended analytic tech

niques can then be applied to these data to determine if the results are 

as expected. Owing to limitations of time, I have simulated only the 

case of multiple activity areas contributing differentially to multiple 

secondary refuse areas. 

Non-overlapping Activity Sets—Hypothesis 1 

Hypothesis 1. Factor analysis, applied to secondary refuse 

areas to which contributions were differentially made by multiple activity 

sets, will produce clusters of elements that were output from individual 

activity areas. 
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Method of Test. A simulated site containing four activity areas 

and 36 secondary refuse locations was created. These numbers were be

lieved to approximate the Joint Site case. The activities conducted with

in each area employed 10 tools, which, for the sake of simplicity, were 

discarded at the same rate. No sharing of activities or artifacts among 

the activity areas took place. Thus, in total, there were 40 different 

artifacts, corresponding to the 40 numbered variables of the factor 

analysis. 

To simulate the production of the secondary refuse areas, a 

6x6 grid was laid out and each cell designated as a secondary refuse 

location. Activity areas were placed just outside the four corners of the 

grid. Each activity area contributed its outputs to a secondary refuse 

location in evenly decreasing amounts proportional to the distance be

tween the two locations. All activity areas were in use for the same 

length of time, and thus the sum of all discards from the four activity 

areas was constant. All refuse areas received a complete inventory of 

all tools used on the site. Each of the 36 secondary refuse areas was a 

case input to the factor analysis. 

The technique applied to this set of data was principal-

component factor analysis (without iteration) contained in the set of 

"canned" computer programs known as SPSS (Nie, Bent, and Hull 1970). 

Varimax rotation and all default options were employed. 

Results. The results provide a complete confirmation of the 

model. Four factors were produced, each containing as the highest load

ing variables the 10 different elements that were used in an activity 

area (see Table 2). 
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Results of Factor Analyzing Simulated Secondary Refuse Data 
in a Test of Hypothesis 1 

Factor 1 Factor 2 Factor 3 Factor 4 

-.20713 .97666 -.04017 -.04017 
-.20713 .97666 -.04017 -.04017 
-.20713 .97666 -.04017 -.04017 
-.20713 .97666 -.04017 -.04017 
-.20713 .97666 -.04017 -.04017 
-.20713 .97666 -.04017 -.04017 
-.20713 .97666 -.04017 -.04017 
-.20713 .97666 -.04017 -.04017 
-.20713 .97666 -.04017 -.04017 
-.20713 .97666 -.04017 -.04017 
-.04018 -.04017 -.20713 .97666 
-.04018 -.04017 -.20713 .97666 
-.04018 -.04017 -.20713 .97666 
-.04018 -.04017 -.20713 .97666 
-.04018 -.04017 -.20713 .97666 
-.04018 -.04017 -.20713 .97666 
-.04018 -.04017 -.20713 .97666 
-.04018 -.04017 -.20713 .97666 
-.04018 -.04017 -.20713 .97666 
-.04018 -.04017 -.20713 .97666 
-.04017 -.04017 .97666 -.20713 
-.04017 -.04017 .97666 -.20713 
-.04017 -.04017 .97666 -.20713 
-.04017 -.04017 .97666 -.20713 
-.04017 -.04017 .97666 -.20713 
-.04017 -.04017 .97666 -.20713 
-.04017 -.04017 .97666 -.20713 
-.04017 -.04017 .97666 -.20713 
-.04017 -.04017 .97666 -.20713 
-.04017 -.04017 .97666 -.20713 

.97666 -.20713 -.04017 -.04016 

.97666 -.20713 -.04017 -.04016 

.97666 -.20713 -.04017 -.04016 

.97666 -.20713 -.04017 -.04016 

.97666 -.20713 -.04017 -.04016 

.97666 -.20713 -.04017 -.04016 

.97666 -.20713 -.04017 -.04016 

.97666 -.20713 -.04017 -.04016 

.97666 -.20713 -.04017 -.04016 

.97666 -.20713 -.04017 -.04016 
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Overlapping Activity Sets 

The results of testing Hypothesis 1 are encouraging, but one 

must introduce additional complications into the simulated data in order 

to take into account factors which can be reasonably expected to have 

operated in the past (at the Joint Site and elsewhere). To my knowledge, 

in few ongoing systems is the localization of activities among activity 

areas fully discrete. Some activities, especially those not requiring 

stationary facilities, can take place in a variety of locations, some

times depending on the time of day, season, or other situational vari

ables. It should be possible to determine the effect that activity sharing 

—and hence artifact sharing—between areas has on the application of 

factor analytic techniques to multiple secondary refuse locations for the 

discovery of the elements of activity sets. 

Hypothesis 2. As the sharing of activities—and elements— 

among activity sets increases, it becomes more difficult to segregate 

by factor analysis the elements of different activity sets. 

Method of Test. The data for this test were produced in the 

same manner as the data for Hypothesis 1, except the process was re

peated 10 times. In each successive repetition, another element of the 

10 in each activity set was held in common by all activity sets. For 

example, in the fifth repetition, individual activity areas used exclu

sively 5 elements, and the remaining 5 elements were employed in all 

activity areas. In this instance, a total of 25 variables, corresponding 

to the 25 elements are required. Factor analyses were applied to each 

of the 10 groups of data in the same manner as in the testing of Hypoth

esis 1. 
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Results. Binford and Binford (1966:245-246) predicted that 

element sharing (in an analogous situation) should be detectable because 

such elements will load equally on the factors (activity sets) which pro

duced them. The results of testing Hypothesis 2 provide partial support 

for this prediction. Up to and including the fifth run, common elements 

do have similar loadings on all four factors. After this point, as element 

sharing increases, common elements load disproportionately on the first 

factor. The highest loadings on the second, third, and fourth factors do 

correspond to the proper variables, however. This finding suggests that 

it may be possible to interpret even these results. If the possibility is 

considered that high sharing occurred, then the highest loadings on the 

first factor consist primarily of common elements, while the next highest 

loadings are elements unique to that factor. The variables loading high

est on the remaining factors represent nonshared elements. The results 

of one analysis, where 5 elements were held in common, are shown in 

Table 3. 

Even though high-sharing situations seem interpretable, the 

factor patternings are subtle. It would be desirable to find other tech

niques for discovering the elements—common and unique—of activity 

sets. Other rotations available within the SPSS package offered oppor

tunities for experimentation. I applied first oblique and then equimax 

rotation to the situation of 7 elements held in common by all activity 

sets. The resultant factors were completely uninterpretable in both 

cases. I also applied oblique rotation to the case of 5 shared elements 

(where varimax rotation was successful) and found that the oblique rota

tion did not yield satisfactory results at all (see Table 4). These 
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Table 3. Results of Factor Analyzing Simulated Secondary Refuse Data 
in a Test of Hypothesis 2 (Varimax Rotation) 

Variable Factor 1 Factor 2 Factor 3 Factor 4 

1 -.20616 .97688 -.03998 -.04003 
2 -.20616 .97688 -.03998 -.04003 
3 -.20616 .97688 -.03998 -.04003 
4 -.20616 .97688 -.03998 -.04003 
5 -.20616 .97688 -.03998 -.04003 
6 -.03970 -.04019 .97666 -.20722 
7 -.03970 -.04019 .97666 -.20722 
8 -.03970 -.04019 .97666 -.20722 
9 -.03970 -.04019 .97666 -.20722 

10 -.03970 -.04019 .97666 -.20722 
11 -.03967 -.04012 -.20699 .97671 
12 -.03967 -.04012 -.20699 .97671 
13 -.03967 -.04012 -.20699 .97671 
14 -.03967 -.04012 -.20699 .97671 
15 -.03967 -.04012 -.20699 .97671 
16 .97639 -.20815 -.04085 -.04085 
17 .97639 -.20815 -.04085 -.04085 
18 .97639 -.20815 -.04085 -.04085 
19 .97639 -.20815 -.04085 -.04085 
20 .97639 -.20815 -.04085 -.04085 
21 .50347 .49849 .49930 .49873 
22 .50347 .49849 .49930 .49873 
23 .50347 .49849 .49930 .49873 
24 .50347 .49849 .49930 .49873 
25 .50347 .49849 .49930 .49873 
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Rerun of Simulated Secondary Refuse Data for Hypothesis 2 
with Oblique Rotation (Factor Pattern Matrix) 

Factor 1 Factor 2 Factor 3 Factor 4 

33266 -.00005 .86156 -.40228 
33266 -.00005 .86156 -.40228 
33266 -.00005 .86156 -.40228 
33266 -.00005 .86156 -.40228 
33266 -.00005 .86156 -.40228 
34363 .83831 -.01624 .42402 
34363 .83831 -.01624 .42402 
34363 .83831 -.01624 .42402 
34363 .83831 -.01624 .42402 
34363 .83831 -.01624 .42402 
34402 -.83582 -.01175 .42724 
34402 -.83582 -.01175 .42724 
34402 -.83582 -.01175 .42724 
34402 -.83582 -.01175 .42724 
34402 -.83582 -.01175 .42724 
35790 -.00223 -.81089 -.44597 
35790 -.00223 -.81089 -.44597 
35790 -.00223 -.81089 -.44597 
35790 -.00223 -.81089 -.44597 
35790 -.00223 -.81089 -.44597 
99992 .00043 .01423 .00082 
99992 .00043 .01423 .00082 
99992 .00043 .01423 .00082 
99992 .00043 .01423 .00082 
99992 .00043 .01423 .00082 
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findings suggest that the factor patterns built into the simulated data are 

highly orthogonal. Whether this orthogonal structure is a unique product 

of the data-generating technique or a more general feature of all activity 

structuring and secondary refuse production I do not yet know. Further 

work is needed. 

The results of testing Hypothesis 2 demonstrate that under cer

tain simplified conditions, activity sets containing common elements can 

be isolated by factor analysis of secondary refuse areas. Problems arise 

when the number of shared elements exceeds the number of unique ele

ments within all activity sets. This situation may occur more commonly 

than might be thought at first glance, because it requires only that more 

than 20% of the elements at the site were used in all activity sets. The 

very real possibility is present that the Joint Site approximates these 

conditions. Another problem in discerning elements of activity sets is 

that of deciding the cutoff point in factor loadings for including a vari

able within a factor. No satisfactory guidelines exist for making these 

decisions. 

This limited number of hypothesis tests have indicated the enor

mous potential that simulations hold for solving methodological problems 

in archaeology. I do not suggest that any are solved here; but some 

preliminary directions are indicated that can lead to eventual solutions. 

The future of factor (and other) analytic techniques in archaeology may 

well depend on whether the conditions for their applicability can be de

termined. By so doing, one specifies a range of possible interpretations 

for a variety of outcome patterns based on past activity structuring and 

cultural formation processes. Many more studies of simulated data are 
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required before we can interpret with confidence the results of applying 

these very powerful techniques to archaeological data. 

Conclusion 

In this chapter, I have attempted to provide an etic language 

focusing on activities, their components and composite units for describ

ing systemic context phenomena. This perspective, when combined with 

the derived quantitative and spatial transformations, provides a useful 

framework for discussing varieties of cultural formation processes as 

they act on various hypothetical behavioral systems. Preliminary test

ing of factor analytic techniques on simulated data gives some support 

to the models presented and provides insights into the transformation 

procedures which may be of use in reconstructing activity sets and ac

tivity areas at the Joint Site, where multiple activity areas may have 

contributed differentially to multiple secondary refuse locations. 

Although none of the models corresponds in all respects to 

actual systems in the real world, it is only by simplifying such complex 

systems into manageable groups of variables that insight can be gained 

into their operation and the formation of the archaeological record. 

Hopefully, future studies can resolve some of the important questions 

which in this chapter I have been able only to raise. 



CHAPTER 8 

THE JOINT SITE 

In previous chapters the stage has been set for considering 

systemic context questions pertaining to actual archaeological remains. 

In dealing with specific data from the Joint Site (N.S. 605), my principal 

aim is not that of illuminating the events that occurred at a particular 

location in eastern Arizona some seven centuries ago. Instead, I wish 

to show at which points in the processes of archaeological research the 

consideration of cultural formation processes by the application of ex

plicit transformation procedures can lead to formulating better systemic 

context questions and provide paths for obtaining more definitive answers 

to these questions. 

In addition to employing ideas presented earlier in this work, 

I shall on occasion enter into lengthy digressions to develop additional 

concepts and principles when the need for them arises. The subjects of 

these forays into superficially tangential topics such as the form of 

time-space inferences, the nature of behavioral inferences pertaining to 

technology and use of chipped stone artifacts, the interpretation of ab

solute dates, the design and application of taxonomies, and others are 

more conveniently discussed within the chapters relating to the Joint 

Site than elsewhere. 

The basic question around which the Joint Site presentation is 

oriented is: What activities were involved in the systemic context of 

chipped stone, and where on the site were they performed? 

138 
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Background 

The Hay Hollow Valley, in which the Joint Site is situated, is 

one of the best known archaeological regions of its size in the South

west. It is not necessary therefore to present discourses on topics, 

such as climate, vegetation, soils, culture history, and others, that 

customarily preface site descriptions. These topics have been treated 

in detail by my colleagues, and I shall refer the reader to the relevant, 

accessible publications. 

The floral and faunal components of the environment, as it 

exists today, are discussed by Zubrow (1971b) on the basis of a resource 

survey undertaken in the valley in 1970. Zubrow also refers to other 

studies of past and present environments in the Hay Hollow Valley, ex

cept for Dickey (1971). The reader interested in an inventory of usable 

plants and the uses of them made by the Hopi and Zuni should consult 

Hill (1970b). The geomorphology of the Hay Hollow Valley has received 

the recent attention of Bowman (n.d.), whose forthcoming dissertation 

treats the Hay Hollow Valley within the context of geological processes 

operative on the southern Colorado Plateau. 

A culture history of the "triangle area" has been presented by 

Longacre (1970a) and revised with few significant modifications by 

Zubrow (1971a), who erroneously applies the regional trends discerned 

by Longacre (1970a) to the Hay Hollow Valley where many events took 

place earlier or later than in the region as a whole. For example, Zubrow 

(1971a) presents population curves that begin at A.D. 200. The sites 

used in those curves were dated on the basis of associated pottery. It 

is disconcerting to discover in the culture history section that pottery 
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does not appear in the Hay Hollow Vailey until A.D. 500. In fact, pot

tery occurs even earlier than A.D. 200 (Martin and Plog 1973). John 

Hanson (oral communication 1973) informs me that he is working on an 

up-to-date culture history of the valley. General processes of culture 

growth are discussed by Plog (1969) and Martin and Plog (1973). 

Changes in the population of the Hay Hollow Valley occurring during 

prehistory have been measured by Schiffer (1968), Plog (1969), and 

Zubrow (1971b). I now believe that many of the previously discerned 

trends, such as the early peak in the years A.D. 300-600, may be arti

facts of our measuring instruments which have assigned an equal use-

life to pithouses and pueblo rooms. The early population bulge, subse

quent decline, and some other variations that have been the topic of 

considerable explanatory effort may disappear when proper attention is 

paid to this problem. Gene Rogge is now attempting to devise more 

sophisticated measures of prehistoric population trends in the Hay Hol

low Valley. 

The Joint Site 

The Joint Site occupies an intermediate bench on the west side 

of the Hay Hollow Valley (Bowman n.d.). From this location, the inhab

itants had an impressive view of the entire valley, including most of 

its other major sites (Fig. 9). Although this view may have been an im

portant variable determining the original placement of the site, the de

cisions leading to its choice for excavations by the Field Museum of 

Natural History in the summers of 1970 and 1971 involved additional 

variables. 
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Three graduate students, John Hanson, Frederick Gorman, and 

myself, were hired by Paul S. Martin, Director of the Southwestern Ex

pedition of the Field Museum of Natural History, to carry out archaeo

logical investigations of our own design within the anthropological 

laboratory of the Hay Hollow Valley. In exercising this unprecedented 

freedom, several logistic and labor allocation problems had to be solved. 

Since only two field vehicles and 12 undergraduate research participants 

were at our disposal, we had to find an equitable way of dividing avail

able resources among the field projects. 

There were only three possibilities. The first required that one 

or two of us alter our research designs and apply them to already gath

ered data. The second was to scale down all projects to an extent and 

be satisfied with securing less information from three independently 

conducted excavations. The third, and least plausible alternative, was 

to resolve somehow the conflicting data demands of our different prob

lem orientations and utilize data from a single excavation. For reasons 

that are not entirely clear, we chose the last alternative. 

John Hanson's interests centered on the adaptive responses of 

community social organization to environmental stress. Specifically, he 

desired to test hypotheses about social unit interaction under conditions 

of environmental stress. This interest required the excavation of a site 

large enough to contain at least two social units of the size demon

strated by Hill (1970b) to be about 20 rooms each. In short, we would 

have to excavate at least part of a 40-plus room pueblo. In addition, 

burial data would be required to reconstruct various parameters of the 

past social system. 
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Frederick Gorman expressed an interest in examining two sites 

in the Hay Hollow Valley occupied at different times for the purpose of 

discovering the constants and variables in past systems of information 

processing. These were to be identified on the basis of attribute pat-

ternings in major artifact classes, especially chipped and ground stone. 

No specific requirements of site size were demanded by this problem 

focus, only that an adequate sample of floor provenience artifacts be 

obtained. 

My research design was not developed in very great detail be

fore excavation. I did know that I wanted to provide behavioral expla

nations for the spatial and associational patterning of artifacts at a site, 

taking into explicit account the cultural formation processes of the ar

chaeological record. I anticipated doing a comprehensive simulation to 

account for all artifact and ecofact classes. This aim could be most 

effectively achieved by the complete excavation of a small site or the 

recovery of a spatially and quantitatively representative sample of the 

various debris classes of a larger site. I preferred to work with a pueblo 

site of about 10 to 15 rooms. 

Hanson's need to excavate a large pueblo took precedence over 

my desire for a small site. I chose rather to deal with one major artifact 

class, chipped stone, and utilize other data as needed. Gorman did not 

object to the choice of a large site, although he realized that he would 

not be able to participate in the second season of its excavation if he 

were also to retrieve data from an earlier pithouse village. 

Two previous surveys of the Hay Hollow Valley (Schiffer 1968; 

Plog 1969; Zubrow 1971b) had identified a number of possible sites 
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meeting our requirements. Unfortunately, most of these pueblos had been 

extensively potted, sometimes with earth-moving equipment, rendering 

them useless for carefully controlled excavations. Of the remaining sites 

most were inaccessible during the periods of rain that begin in early July 

and last throughout the summer and had to be eliminated on that basis. 

What remained was a single site, N.S. 605, discovered during the 1968 

survey of parts of the eastern and western sections of the Hay Hollow 

Valley (Plog 1969) and estimated to contain 35 to 40 rooms. Because of 

its proximity to the Carter Ranch house and its location on a side bench 

as opposed to the valley floor or mesa top (where other pueblos of this 

size occur), it was effectively insulated against pothunting. Since N.S. 

605 was conveniently located near the County Road, it could be easily 

reached, even after heavy thundershowers. After visiting the site and 

finding it suitable for our joint purposes, as well as pleasantly located, 

we affectionately dubbed it the Joint Site. 

Excavation Procedures 

The actual sampling procedures, excavation techniques, other 

background information, and the burial data are presented in the prelimi

nary report (Hanson and Schiffer n.d.). No purpose would be served by 

reproducing those accounts here. Instead, I shall provide only a brief 

summary of our data gathering strategy and major results and provide, 

wherever needed orrections and additions relevant for using Joint Site 

data to illuminate ae explicit use of transformation procedures. 
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Rooms 

The Joint Site consists of two discontinuous blocks of 2 7 and 6 

rooms each and 3 outlying semi-subterranean rooms. Rooms were chosen 

for excavation on the basis of random sampling within five strata defined 

by variation in presumed floor area, as determined from the outline of 

the tops of walls. However, not all rooms were discovered during the 

wall-locating activity of the first season. As a result, several modifica

tions of the site map were made in the second season and the sampling 

strata were redefined, producing six instead of five strata. In general, 

the fewer the rooms in a stratum, the greater the percentage of rooms 

excavated. In all, 25 rooms were excavated to floor or below, and some 

testing was conducted in 5 others (2 more rooms were excavated in 1972 

by John Hanson). In Figure 10, one may examine the map of the 

room blocks at the Joint Site, and in Table 5 a summary of excavated 

rooms within the redefined sample strata is displayed. 

Table 5. Final Stratification of the Joint Site Room Sample 

Excavated Rooms 

Size Class 1970 1971 Unexcavated Rooms 

A (3.69-5.46 m2) 25, 32, 1, 2 20, 9 19 

B (5.47-7.33 m2) 3, 17, 11, 
27, 28, 14 

21, 12, 5 13, 4, 22, 30, 16 

C (7.34-9.38 m2) 33, 34 6, 18 

D (9.39-13.22 m2) 23, 7 31 26 

E (13.23-16.48 m2) 10, 8, 29 

F (16.49- m2) 15 
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All rooms were excavated in arbitrary levels ranging in thick

ness from 10 to 20 cm, depending usually on artifact density. More con

trol was maintained when more artifacts (in a grossly relative sense) 

were encountered (except for Room 17, which was excavated hastily in 

20-cm levels at the end of the first season). Levels within each room 

were assigned a letter beginning with A at the top, except for Rooms 1, 

15, and 24. These latter rooms were excavated early in the first season 

before we had resolved the conflicts in excavation procedures between 

principal investigators and imposed a modicum of uniformity on prove

nience designations. 

During the season of 1971, Gorman commenced investigation of 

the Kuhn Site (N.S. 663), an early pithouse village (Fig. 9). Hanson and 

I divided the authority and responsibility for decisions in the field at the 

Joint Site. Hanson continued excavating rooms, while I sampled non-

architectural areas of the site. 

Non-architectural Areas 

Surface Collection. In addition to excavating rooms, my re

search design required data from non-architectural areas of the site, 

principally secondary refuse areas. In order to provide a basis for de

ciding where to dig, a surface collection of lithics and ceramics was 

obtained during the first summer in anticipation of constructing sampling 

strata based on the differential density of surface artifacts. At Cayonu, 

Redman and Watson (1970) discovered a direct relationship between sur

face and subsurface artifact distributions. That this was the case for a 

complexly stratified, multi-component site encouraged us to identify 
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strata on the basis of variations in the density of surface artifacts at the 

Joint Site. Regardless of whether or not there was a close correlation of 

the surface and subsurface artifact distributions, we could at least ac

count explicitly for our excavation decisions. Later phases of the exca

vation (test trenches) were designed to test our assumptions about the 

nature of the subsurface site and allow us to construct explanations for 

the observed surface patterns (Hanson and Schiffer n.d.; Schiffer and 

Rathje n.d.). 

The exact methods of making the surface collections have been 

described before (Hanson and Schiffer n.d.), but the general features 

will be reviewed. The original survey party which discovered the site 

in 1968 made a grab sample of the surface pottery. Paul S. Martin 

examined these sherds and assigned the Joint Site a probable occupation 

span of A.D. 1000-1300. 

The controlled surface collection of 1970 was a stratified ran

dom sample, based on 16 arbitrary square strata of 400 m2 each. A 32% 

sample of the area in each square was randomly selected, some by 

means of rows and columns, others by means of smaller squares. All 

observable lithics, ceramics, bone, and other artifacts and ecofacts 

Vere collected. However, no attempt was made to remove shrubbery— 

especially saltbush—growing on the site. The effects of grass and 

shrub distributions on our ability to collect the site with even intensity 

are probably negligible, owing to both even plant distribution and over

all sparse occurrence. 

All artifacts obtained from surface provenience units were 

counted and recorded within a system of coarse categories. John Rick 
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and Eric Gritzmacher counted and recorded surface lithics, while I did 

the ceramics. These counts were lumped into gross lithic and ceramic 

frequencies for each unit of provenience, and a Pearson's r was computed 

to determine the extent that ceramic and lithic counts were correlated on 

the surface of the Joint Site. The value obtained was .91, significant at 

the .001 level. This made the derivation of excavation strata somewhat 

simpler since no decisions had to be made concerning the importance of 

one or the other artifact category for reflecting what lies below. The 

artifact counts of the provenience units were divided into 6 density 

classes and displayed on a map by means of different colored crayons. 

The patterns that emerged from this simple technique were utilized as a 

basis for defining the sampling strata. Subjective judgments applied to 

the distribution map yielded 6 strata and several substrata (Fig. 11). 

Sample Squares—Phase 1. At the suggestion of Dan Bowman, 

I decided to take an initial 2% sample of the non-architectural areas of 

the site. It was hoped that this initial material and data from trenching 

operations would provide adequate information to structure a second 

phase of test pits (see Binford 1964 and Redman 1973 for discussions of 

multiphase sampling procedures). The total number of 2x2 m squares 

contained within the strata and substrata was determined, and each 

square was given an arbitrary number. A table of random numbers (Hoel 

1966) was utilized to select squares for excavation. These squares were 

then assigned a unique designation determined by their north-south and 

east-west distances from the centrally located datum point. For example, 

N8E4 is found to be 8 squares north of datum and 4 squares east of datum 

(see Fig. 10). Table 6 lists the excavation strata, the number of squares 
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Table 6. Phase 1 Sample Squares Chosen within Surface Strata 

Stratum 
Stratum Size 

(in 2x2 m squares) Sample Squares Chosen for Excavation 

Al 216 N19E3, N20W12, N12W6, N14E6 

A2 113 N13E11, N10E11 

®1 56 N15E17 

B2 36 N3E15 

B3 369 N14W14, N7W17, S3W16, N11W7, 
S13W14, N5W10, N9W9 

Cl 378 N8E4, N1E10, S6E11, S7W6, S4E11, 
S7W4 , N5E8, S7W5 

C2 278 S19W14, S19W16, S15E2, S13W8, 
S14W10, S19W3 

D 30 N3W20 

E 30 N17W20 

Roomblock areas (in 2x2 m squares) = 18, 77 

contained in each, and the squares chosen randomly for excavation. In 

the few cases where a 2% sample of the squares within a substratum 

yielded only a fractional square, it was rounded upward to 1, no matter 

how small. In the remaining strata, rounding off conformed to normal 

mathematical procedures. 

All sample squares were excavated in arbitrary 15-cm levels, 

within quarter sections. As in the rooms, levels were lettered, begin

ning with A at the top. Sections were numbered: SW = 1, NW = 2, SE = 3, 

NE = 4. Occasional features encountered during sample square excavation, 
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such as occupation surfaces or burials, necessitated the abandonment 

of arbitrary excavation units and provenience designations and their 

replacement with naturally defined units. Burials were recorded sepa

rately on standardized forms (Hanson and Schiffer n.d.). Other features, 

such as a small reservoir encountered in S7W6, were treated on an ad 

hoc basis. 

Test Trenches. As an adjunct to Phase 1 sample squares, a 

series of backhoe trenches were placed in various parts of the site to 

facilitate discovery of additional secondary refuse areas. A number of 

different criteria were used to select the locations of these additional 

excavation units. In some cases, for example, Test Trenches 7, 10, 

12, and 16, I attempted to determine the subsurface boundaries of a 

midden (Fig. 10). Other trenches, for example, Test Trenches 9 and 14, 

aided in locating the southeastern boundary of the subsurface site. In 

most cases, test trenches were placed in areas that were poorly covered 

by Phase 1 sample squares. Artifact collections from test trenches were 

made in some cases; the decisions to do so being largely arbitrary. In 

no case was collecting systematic or aided by screening except in the 

relatively few instances when a trench discovered a burial—scattering 

bones and grave goods (this occurred when Burial 11 was found in Test 

Trench 15 and Burial 12a was discovered in Test Trench 19. When a 

trench opened up a large area, the latter was termed a "Test Area." 

Sample Squares—Phase 2. A total of 26 Phase 1 sample 

squares were excavated, and 6 more (N20W12,N14W14, N17W20, 

N3W20, N7W17, S3W16) were considered to have been excavated since 

they contained no subsurface site. The excavation of the Phase 1 test 
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squares plus 23 test trenches resulted in the discovery of most major 

secondary refuse deposits and a number of other features, including 

Rooms 34 and 36. The stage was set for the second phase of test 

squares, whose purpose was the retrieval of information from secondary 

refuse locations that were not sampled or were poorly sampled by Phase 

1 excavation units. Phase 2 sample squares were placed in areas, un

disturbed by backhoe trenches, within known middens (Fig. 10). No 

rigorous sampling technique was applied; any attempt to do so would 

have seemed ludicrous given that only one, or at most two, test 

squares could be placed in any midden. Phase 2 sample squares were 

excavated in the same arbitrary 15-cm levels as Phase 1 squares, ex

cept when burials were encountered. The discovery of burials was a 

second aim of Phase 2 sample squares. 

General Procedures 

We attempted to recover all macroscopic artifacts and ecofacts. 

This was facilitated by the use of a 1/4-inch mesh screen applied to all 

provenience units in Phase 1 and Phase 2 sample squares and most pro

venience units within rooms, except for fill containing few artifacts. 

(This fill, sometimes removed with the backhoe, was examined by hand.) 

Pollen samples were collected from features, burials, room floors, 

sample square levels, and an extensive series was obtained from the 

reservoir. Flotation samples were taken from the trash fill levels of 

Rooms 1 and 17 and a few other scattered locations. A cornering project 

was undertaken by Tracz (1971), and through her efforts a complete knowl

edge of all bond-abutment relations for the large and small roomblocks 
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was obtained. She also provided a preliminary construction sequence 

based only on bond-abut relations. Working with these data and others, 

Wilcox (n.d.b) has ascertained the probable sequence in which Joint 

Site rooms were built. 

Discussion of the Joint Site Project 

The compromise of research designs applied to the Joint Site 

was a qualified success. Perhaps the most enduring evidence of failure 

is the poor and uneven in-field documentation of the excavation (reme

died to a large extent in the second season). The uneven quality of the 

notes reflects an uneven quality of excavation procedures as well. 

While much of this can be blamed on the inexperience of the directors 

and crew, a more important reason relates to the unstructured decision

making hierarchy employed in the field. 

If all the principal investigators have the authority to make a 

decision about any aspect of the excavation, then the only possible 

result is indecision, arbitrary decisions, and diffuse or nonexistent 

responsibility. All of the above conditions were present during the first 

season of excavation, and their effects were exacerbated by negative 

student reactions to the situation. Actual excavation decisions were 

usually made by the investigator working closest to any excavation team 

or one who was closest when a decision node was reached. In some 

cases, the three major investigators and David Gregory (who functioned 

nominally as a dig foreman during the first summer) would gather around 

a room and attempt to arrive at a concensus. This often resulted in de

cisions flowing from those persons with the more aggressive 
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personalities, since the others would attempt to avoid open conflict in 

the field. 

In dwelling on the negative aspects of the Joint Site project, 

I simply wish to convey a few of the lessons we learned. Joint projects 

of this sort, where more than one research design is applied by different 

investigators to the same site, will work smoothly only when (1) each 

investigator knows exactly what data are needed for his problem focus, 

(2) one individual is responsible for the decisions of any excavation 

team, (3) there is a clearly defined set of duties and responsibilities 

associated with every supervisory position, and (4) there is rapid feed

back between actual data gathered and the data specified as relevant 

by the investigators. 

Interpretation of the Joint Site 
Absolute Dates 

General Principles 

The interpretation of an absolute date requires the careful con

sideration of two problems. The first is relating the event that is actual

ly measured by a dating technique, such as radiocarbon, to the event 

which it is supposed to measure, such as the date when an organism 

died. Once the first problem is solved, which involves familiarity with 

the assumptions underlying the technique, the critical problem of ar

chaeological interpretation must be confronted. This problem is to re

late the event that is dated to a cultural event of interest. 

In the past, archaeologists interpreting absolute dates derived 

from a variety of techniques have displayed a remarkable reluctance to 
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modify the obtained dates by adding or subtracting years based on their 

solutions to the two problems. Only recently have charts been con

structed for taking into account the discrepancy between radiocarbon 

years and actual dates as determined through the dating of known age 

tree samples (Stuiver and Suess 1966; Damon, Long, and Wallick 1972). 

These corrections are slowly being applied to archaeological interpreta

tions; and some have had far-reaching effects on the temporal relation

ship between major cultural events of the Old World (Renfrew 19 70). 

While barriers to transforming "raw" dates, based on solutions to the 

first problem, are slowly giving way, almost no progress has been made 

in solving the second problem. 

Dean (1970:31) has stated the second problem succintly: 

If it is assumed that the date, however derived, is correct, it 
is evident that the most critical factor in assessing the date 
is the nature of the relationship between the object from which 
it is derived and the event to which is to be applied. 

Although Dean is discussing the interpretation of tree-ring dates in par

ticular, he has delineated the general problem that must be solved in 

using any absolute date. By considering cultural formation processes, 

it may be possible to offer some suggestions as to how one might modify 

a date by adding and subtracting years in order to transform it into the 

date of an event of interest. 

An uninterpreted date obtained by an absolute technique is an 

archaeological context date. In most cases, it is directly dating a non-

cultural event, such as the death of a tree or the eruption of a volcano, 

which bears no intrinsic relationship to any past cultural system or 

event. By "interpreting" a date one must place the dated object within 
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its systemic context, thus establishing a relationship between a non-

cultural and cultural event. In some cases, the relationship may be very 

direct, as when a tree is cut down and used the same year for construct

ing a roof, but even this requires a transformation. In most cases, the 

relationship cannot be established by use of an equivalence transforma

tion (time of cultural event is the same as time of noncultural event that 

is dated); only by applying reasoned estimates of the intervening time 

between the absolute date and the date of the event of interest can the 

transformation problem be solved. 

Many archaeologists seem unaware of this transformation prob

lem, fully blurring the archaeological and systemic contexts of their 

dated materials. This approach is exemplified by the attempt to date 

"sites." A "site," per se, cannot be dated in any meaningful sense of 

the term. However, events that took place during the occupation span 

or systemic context of a site, such as the termination of activity, can 

be dated. Dates for other events of interest that occurred during the 

occupation of a site are obtained by applying different transformations 

to the date. There can be no single interpretation of a date, just as 

there can be no single date for a "site." The transformation process 

involves arguing that one event or another relates by a certain amount 

of time to the date of the specimen. 

Although the interpretation of tree-ring dates is more advanced 

in terms of achieved systemic context dates and some explicit transfor

mation principles (Haury 1934; Bannister 1962; Dean 1969), I have 

chosen a recent application of tree-ring dating to illustrate my arguments, 

which are intended to apply to the interpretation of all absolute dates. 
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Breternitz (1966) has surveyed the literature of Southwest ar

chaeology in an attempt to determine the use span or manufacture span 

of the more commonly encountered pottery types (traditionally defined). 

His determinations are based on the association of pottery occurrences 

with tree-ring dated materials. Breternitz recognizes the two sources of 

error in the use of absolute dates, but his method does not provide satis

factory transformations of the archaeological context dates. It is there

fore difficult to evaluate how successfully he has estimated the use 

spans and manufacture spans of the pottery types. 

Some hypothetical cases can illustrate this point. Suppose 

there is a pueblo room in which it has been established, using appro

priate correlates (Bannister 1962), that the roof was constructed during 

the year 1247. In this room, an example of a St. Johns polychrome bowl 

is found as secondary refuse. In other words, the room was constructed 

in 1247, used for domestic activities, abandoned, and then used as a 

dump. Although Breternitz (1966) considers dump material to provide a 

less reliable association with a dated roof than objects in other con

texts, the date 124 7 would still be used in constructing the manufacture 

span of the pottery type. Examining this case more closely with an eye 

open to determining systemic context dates leads to a different way of 

approaching the problem. 

In the first place, one must make an estimate of the length of 

time the room was occupied (L). To that quantity must be added the 

length of time needed to accumulate the deposit up to the level where 

the bowl sherds occur. The discard date of the pot may be expressed in 

relation to the construction date of the room in which it occurs: 
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discard date = 1247 + Lroom + x 

where x is the amount of time needed to accumulate the deposit to where 

the pottery occurs. The manufacture date of the pot can be determined 

by subtracting the uselife of the vessel from the discard date just pro

duced. It should be noted that Lp0t will vary among the various shapes 

of any pottery type (Foster 1960; David and Hennig 1972), and this fac

tor alone if not taken into account may introduce error into a systemic 

context date. 

The reader will of course note that none of the above-mentioned 

quantities is easily measured. I submit, however, that unless reasoned 

estimates for these quantities are made explicitly, systematic error will 

be introduced by the implicit equivalence assumptions that are used in

stead. In any case, we must strive to adjust our assumptions to the 

most probable formation processes that operated. If the transformation 

problem is ignored, then it is possible to build into our dates the fol

lowing assumptions: 

1. The length of time the room was in use is zero years. 

2. It took no time to accumulate the deposit in which the bowl 

was found. 

3. The bowl was made, used, and discarded at the same time. 

Although none of these assumptions is realistic, they underlie the use 

of every single date associated in the above-described manner or a 

similar manner in secondary refuse. Labeling such materials as "in

direct associations" (Breternitz 1966) does not eliminate the interpretive 

problem, it simply identifies it. 
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Primary or de facto refuse, even if found in floor context, pro

vides similar problems of interpretation. Primary refuse can be related 

to the event of room construction, but this requires one to estimate the 

length of time a room was in use before the item was broken and dis

carded there. And again, specific quantities must be added and sub

tracted from the roof date to yield the date of pottery manufacture—if 

that is the event of interest. De facto refuse must be similarly treated. 

Though hypothetical, these cases illustrate the transformation 

problem involved in establishing the temporal relationship of an absolute 

date to a cultural event of interest. The solution to this transformation 

problem lies in developing means for estimating the duration of the in

tervening events and combining these quantities until they identify the 

date of the event of interest. 

Joint Site Dates 

Tree-ring Dates. We were fortunate in uncovering at the Joint 

Site a number of wood and charcoal specimens amenable to dendrochron-

ological analysis. The 4 7 dated samples obtained during the 1970-1971 

excavations have been reported and interpreted by Wilcox (n.d.b) and 

are presented here in Fig. 12. In broad outlines, the site appears to 

have been founded at about A.D. 1222 and abandoned after A.D. 1255. 

I shall reexamine these dates for the purpose of estimating the probable 

occupation span of the Joint Site. 

The earliest date from the site is 1188, obtained from a log 

fragment in the fill of Room 6; unfortunately this is a non-cutting date. 

The specimen, from a very large-diameter log, could have contained a 
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number of additional rings. From this date it can be inferred that con

struction of Room 6 began after 1188, if one is willing to assume that 

the log was a freshly cut roof beam. As a construction date, it would 

have to be considered an anomaly in light of the remainder of the evi

dence, which places construction of earlier rooms (in the building se

quence) at a later date. The possibility that this single specimen may 

have been on, rather than a part of the roof cannot be ruled out. 

The next latest date is 1222 on a specimen which is presumed 

to be from a roof beam of Room 21. Again, this is a non-cutting date. 

If this is not a reused beam, then construction of the room began some 

time after 1222. And, if this room is, in fact, part of the core construc

tion unit as Wilcox (n.d.b) suggests, then initial construction, and 

thus occupation of the Joint Site began some time after 1222, assuming 

that this material was not from a repair timber. Let us examine the evi

dence for whether Room 21 is within the core construction unit. 

Bond and abutment patterns are ambiguous with respect to the 

placement of Room 21 within the core construction unit. Both Rooms 20 

and 21 clearly abut core Rooms 17 and 18, and Room 19 of the second 

aggregation unit abuts Room 21, making the construction of Room 21 

antecedent to the addition of the second aggregation unit. As evidence 

for the inclusion of Rooms 20 and 21 within the core unit, Wilcox cites 

the regular portal between Room 17 and Room 20, but he also cautions 

that such a portal may only indicate contemporary use, not necessarily 

contemporary construction. 

If Rooms 20 and 21 were built at the exact same time as core 

Rooms 13, 17, and 18, one would expect them all to have been built on 
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an unmodified surface containing no refuse. In fact, some refuse is 

present below the floors of the three excavated rooms (Rooms 17, 20, 

and 21). Under Room 17, a total of four lithic and ceramic artifacts 

were found, while under Room 20 there were 20, and beneath Room 21 

were found 4. This evidence is again ambiguous, but careful interpre

tation leads to reasonable doubt as to the inclusion of Rooms 20 and 21 

within the core unit. Apparently some refuse was present even under 

Room 17 of undisputed core placement. This refuse, however, was all 

lithic, while a total of 9 sherds were found under Rooms 20 and 21. 

Because the site sits atop a deflated deposit that contains chert and 

quartzite suitable for quarrying activities, the presence of chipped stone 

under the earliest rooms can be explained as the result of activity con

ducted prior to site occupation. Based on this admittedly thin evidence, 

I suggest that Rooms 20 and 21 may not have been built at the same time 

as the other rooms of the core construction unit, since they are above 

several sherds which are more difficult to explain as the result of pre-

construction activity. Thus, the date of A.D. 1222 obtained for Room 

21 may not relate to the earliest construction events at the site. 

The third and last aggregation unit consisting of Rooms 7, 8, 

9, 10, and 15 was probably erected around A.D. 1239. A primary beam 

in Room 10 produced a cutting date of 1239, while another beam from 

the same room had a non-cutting date of 1235—not inconsistent with the 

1239 construction hypothesis. The other dated specimen (A.D. 1238) 

from this aggregation unit occurred in association with the second floor 

of Room 9 (SF-1), not the lowest floor as Wilcox (n.d.b) reports. This 

floor was very ashy and contained chipped stone that had been exposed 
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to fire. In addition, adobe on the walls of the room was fired to a pinkish 

color. All of these observations can be explained by a fire which con

sumed the contents and original roof of the room some time after A.D. 

1239. The remnants of the roof and other materials were floored over, 

and the room was reused to suffer a less violent death at a later (but 

unknown) date. 

The large kiva (Room 34) is the best-dated structure at the Joint 

Site. Two major clusters of dates, one at 1240 and the other at 124 7, 

suggest that stockpiling of beams had begun in 1240, well in advance 

of kiva construction during 1247. These inferences are based on corre

lates presented by Dean (1969). It is assumed that the latest dates from 

a roof are those of construction, unless remodeling or repair is suspected. 

Lack of burned walls in the kiva and the short time between 1240 and 

124 7 suggest stockpiling rather than repair, as the more likely explana

tion of the two date clusters. 

Three additional dates, all from Room 31 of the second aggrega

tion unit, remain to be discussed. Two non-cutting dates of 1245 and 

1255 obtained from the firepit demonstrate continued occupation of the 

room and the site to at least 1255. Another non-cutting date, also 1245, 

is from a roof beam. If this date is taken as the construction date of 

the roof, then at least this portion of aggregation unit 2 must have post

dated the addition of Aggregation Unit 3. The bond-abut patterns do not 

preclude this possibility. Rooms 31, 6, and 32 could have been added 

after Room 7. There seems to be insufficient data to resolve the point, 

and in any case, it does not bear on the problem of determining the occu

pation span of the site. 
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In order to provide more secure evidence for the dating of the 

initial construction events at the Joint Site, John Hanson returned there 

in the summer of 1972 to retrieve additional dendrochronological speci

mens from core Rooms 13 and 16. Unfortunately, the material he obtained 

was not datable. 

In summary, construction at the Joint Site may have begun 

around 1222; but depending on how one wants to interpret a single non-

cutting date, it could have occurred before or after this time. It seems 

certain that construction activity ceased in 1247 with the building of 

Room 34, but site occupation continued to some unspecifiable year be

yond 1255. In short, while major cultural activity occurring at the Joint 

Site can be firmly placed in the first two-thirds of the thirteenth century, 

the exact duration of the occupation span is not illuminated by the tree-

ring evidence. A minimum occupation span of 33 years would be a war

ranted conclusion. 

Radiocarbon Dating. For a variety of reasons, dates obtained 

from the radiocarbon analysis of wood and charcoal samples did not pro

vide much useful information for dating the earliest and latest events 

that took place at the Joint Site. In the first place, the standard devia

tion of a single sample is greater than the likely occupation span of the 

site, thus providing little power to discriminate events that occurred 

within a like interval of time. In the second place, radiocarbon samples 

were submitted to analysis before, not after, we received the results of 

the tree-ring study. Had we waited for the tree-ring dates, radiocarbon 

specimens could have been chosen very carefully for solving specific 
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problems in determining events related to initial occupation and abandon

ment of the Joint Site. 

In addition to the complete lack of problem guidance in the 

choice of specimens, no attempt was made to send only outside rings. 

This means, of course, that uninterpreted dates refer not to the date when 

the tree died, but to an unknown date sometime during the life of the tree. 

This consistent source of error, present in all samples except the maize 

from Room 32, produces dates that are consistently older than the event 

that should be dated and thereby renders interpretation much more dif

ficult . 

A partial solution to this problem is possible. If one assumes 

that any portion of the cross section of a tree branch had an equal chance 

of being chosen as a radiocarbon sample, a large number of samples will 

approximate a date equal to 75% of the life span of the tree. This was 

determined by drawing a facsimile cross section of a branch with rings of 

equal width and imposing a regular grid over them to simulate the selec

tion of samples. The ring whose length was the greatest for each square 

was recorded as the date for that square. Using this technique, I deter

mined that the average of all samples from a branch is equal to three-

quarters of the total number of rings (ignoring the additional problem of 

sap diffusion). The two basic assumptions of ring width equality and 

equal opportunity of selection are both unreasonable, and their probable 

effects should be noted. 

Because ring width increases as one goes toward the center of 

a limb, one would have a greater chance of selecting earlier material on 

a random selection basis than if all rings were of the same width. 
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Because outer rings decay first on roof beams and are burned to ash first 

in fires, it is likely that all such specimens would tend to favor the 

earlier portions of the tree disproportionately. Given both sources of 

systematic error, tending toward earlier dates, the correction factor of 

3/4 must be altered. Without further justification, I shall employ the 

value of 1/2. In other words, I assume that the death date of the tree 

from which a radiocarbon sample was selected without consideration for 

sending outside rings is approximated by the following equation: 

where, 

Dc = the corrected date in years B.P. 

D q = the uncorrected date in years B . P .  

1 = the age at death of the tree. 

The age at death of a tree is, of course, a difficult variable to estimate 

and will vary with species of tree, cause of death, and other factors. 

When used with care, this formula can provide a basis for taking into 

account error introduced into dates resulting from a failure to select 

only outside rings from a sample. 

In Table 7, a complete list of radiocarbon dates derived from 

Joint Site materials is presented. It is to their interpretation that I now 

turn. 

Sample 1 is of particular relevance in determining the date at 

which human activity ceased at the Joint Site. One might suppose that 

this maize found stacked on the floor of Room 32 was a part of the last 

crop harvested by the inhabitants of the Joint Site. Using the correction 

curve for radiocarbon dates based on the dating of known age specimens 



Table 7. Radiocarbon Dates from the Joint Site 

Joint Site 
Date Number 

Geochron 
Laboratory 

Number Provenience Material Age 

1 GX-1975 Room 32, level C, associated 
with floor 

charred maize 655 + 95 B.P. 

2 GX-1976 Room 29, level A, Sec. 4 
(10 cm above floor) 

charcoal 1020 + 95 B.P. 

3 GX-1977 Test Area 2, firepit 2 charcoal 960 + 95 B.P. 

4 GX-1978 Room 15, fill, 40-50 cm 
above floor 

wood 515 + 100 B.P. 

5 GX-1979 Room 10, fill (beam 5) wood 795 + 95 B.P. 

6 GX-1980 Room 8, firepit, Sec. 3 charcoal 1145 + 85 B.P. 

7 GX-1981 Room 2, fill, roof beam wood 1390 + 100 B.P. 

8 GX-1982 Room 24 , in pit (m-4) charcoal 460 + 105 B.P. 

9 GX-1983 Room 25, level A (22 cm 
above floor) 

charcoal 1280 + 95 B.P. 

10 GX-1984 Room 14, level A, Sec. 2 
(4 cm above floor) 

charcoal 1100 + 120 B.P. 
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produces the dates of 1252 or 1355 (Ralph and Michael 1970) or 1280 

(Stuiver and Suess 1966). The date of 1355 is clearly at odds with the 

ceramic evidence which indicates a complete lack of fourteenth century 

White Mountain redwares and should be discounted. The range of 1252-

1280 plus or minus 95 is a reasonable date for the abandonment of the 

Joint Site. If additional funds were available, it would certainly be 

worthwhile to submit several more samples of this maize for dating. It 

is possible that a very precise date of abandonment could be determined. 

The second date is from a specimen found in the fill of Room 29 

and is presumed to be from a roof beam. If an arbitrary age at death for 

juniper is taken to be 200-300 years, an application of the tree-ring 

correction and the formula presented above yields a date of 1040-1090 

plus or minus 95. This falls slightly before the tree-ring date for early 

site occupation, but it is not really aberrant. 

Correcting the third date in the same manner produces 1100-

1150 plus or minus 95, which is not anomalous for an outdoor firepit 

which was probably fueled by dead wood. 

Date 4, when corrected, turns out to be 1500-1550 plus or 

minus 100, a substantial anomaly, which is perhaps best explained as 

material deposited after site occupation. Given that this specimen was 

not found very far below present ground surface, it might well have been 

part of a root or old fence post. 

Date 5 requires a different correction procedure, because, to 

my knowledge, it was the only pine specimen submitted to radiocarbon 

analysis. The site records indicate that this sample is not from either 

of the logs that yielded the tree-ring dates from Room 10. It is necessary 
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therefore to make an independent estimate of the tree's age. An average 

age at death of dated pine logs from the Joint Site is about 55 years. The 

corrected date using 55 as the value for 1 is determined to be 1238, 

1203, or 1168 (Ralph and Michael 1970). It should be apparent that the 

first date missed by only a year the date at which the room is inferred to 

have been constructed on the basis of the tree-ring evidence. 

There is no need to spend time on the interpretation of speci

mens 6-10 for they provide no new information with respect to the events 

of interest during the systemic context of the Joint Site. Based on the 

interpreted radiocarbon dates, the end of occupation of the Joint Site 

might be tentatively placed between A.D. 1252 and 1280. Taken with 

the tree-ring dates, a conservative estimate of the occupation span of 

the Joint Site is A.D. 1222 to 1266. 

Activity Areas 

At Broken K Pueblo, Hill (1968, 1970b) found an association 

between large rooms, mealing bins, and firepits. Rooms with these 

features are said to have been the location of habitation activities. 

Smaller rooms which lack these features are considered to have been 

storage rooms. A similar pattern of room size and feature association, 

possibly representing the same functional room classes, is found at 

the Joint Site (Hanson and Schiffer n.d.). Based on a chi-square test, 

rooms with a floor area greater than 7.5 m^ tend to occur with firepits, 

while those below this figure do not (p < .05). Although the cutoff point 

between the two classes differs slightly from the 6.6 m^ found at Broken 
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K (Hill 1968), it is likely that gross patterns of space utilization were 

similar. 

Habitation activities, such as cooking and some others involved 

in food preparation, would most likely occur in close proximity to a 

hearth. I therefore assume that the presence of a firepit in a room indi

cates that habitation activities took place there, unless the room is also 

semi-subterranean. In the latter case, it served a special function as a 

kiva. The absence of a firepit indicates that a room functioned primarily 

as storage, although in Rooms 17, 7, and 29 mealing activities were 

also performed. Despite the crudeness of these room-use divisions, they 

are adequate to define major variations in the use of interior space at the 

Joint Site. Shown in Table 8 are the functions assigned to early and late 

surfaces of rooms based on associations with firepits. 

In addition to habitation rooms, storage rooms, and kivas, 

several other major kinds of activity space are found at the Joint Site. 

Because many rooms were entered by the roof only (Wilcox n.d.b), the 

roof of the pueblo would almost automatically have become an activity 

area. Other outdoor but non-architectural areas of the site contain past 

activity surfaces, as indicated by the firepits in Test Area 2 (Fig. 10). 

In attempting to apply various transformations to the assem

blage of chipped stone from the Joint Site, I consider the following ac

tivity areas to be of interest: roofs, habitation rooms, storerooms, 

special purpose rooms, and exterior non-architectural areas. I believe 

these to be the major classes of activity space in which activities were 

repetitively performed and from which various secondary refuse areas 

received differential contributions of material. Before the transformation 
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Room Functions at the Joint Site 

Early Use Late Use 
Room 

Number Early Use 

habitation storage 21 habitation 
( ? )  

23 habitation 
storage storage 

24 habitation 
storage storage 

25 storage 
habitation storage 

27 storage 
storage storage 

28 habitation 
habitation habitation 

29 habitation 
storage storage ( ? )  

habitation habitation 31 habitation 

storage storage 32 storage 

habitation habitation 33 kiva 

habitation habitation 34 kiva 

habitation habitation 35 kiva 

storage storage 36 kiva 

storage storage 
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procedures can be applied to the secondary refuse, it is necessary to 

describe the means by which the chipped stone artifacts were classified. 

This topic forms the subject of the next chapter. 



CHAPTER 9 

CHIPPED STONE FROM THE JOINT SITE 

What strikes the novice most forcefully about an assemblage 

of chipped-stone artifacts is that each item—through its own combina

tion of angles and surfaces—is unique. This is a startling discovery. 

Somehow, from the potentially infinite amount of information encoded on 

any piece of chipped stone, archaeologists have learned to recognize 

those attributes and attribute combinations that are informative about 

events of the past that interest them. 

How is this possible: I shall attempt to answer this question 

by considering several broad categories of inference commonly derived 

from chipped-stone artifacts. Culture history inferences dealing with 

time and space and behavioral inferences dealing with technology and 

use are discussed in terms of the general kinds of archaeological knowl

edge required in their justifications. Based on these discussions, a 

general program is set forth for constructing typologies that aim to mea

sure systemic variables relevant to an investigator's problem. These 

considerations are then applied to devise a typology of Joint Site chipped 

stone that measures past variables relating to manufacture, use, and 

procurement effort. Although this presentation focuses on chipped stone, 

and Joint Site chipped stone in particular, most of the arguments apply 

to other artifact classes; occasionally the generality of the points made 

is emphasized. 

174 
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Time and Space 

Among many amateur archaeologists, prestige is achieved by 

demonstrating the ability to affix spatial and temporal referents to a 

piece of chipped stone, frequently an "arrowhead." The postdiction by 

archaeologists of time-space coordinates from the attribute patterns of 

chipped-stone implements rests on previously established empirical 

generalizations that relate artifact types to their patterns of occurrence 

in space and time. Such generalizations do not meet the definitional 

requirements of an experimental law since they are time-space contin

gent and cannot be subsumed by any known body of theory (Nagel 1961). 

As such, they are not correlates but constitute a different type of ar

chaeological concept. 

Empirical generalizations are especially vulnerable to the ap

pearance of contrary cases. Artifacts of one sort or another often persist 

into later periods, either through recycling or an inordinately long use-

life. The precocious appearance of forms is not unrecorded. Exceptions 

to the spatial aspect of these empirical generalizations occur through 

the operation of various processes of intercultural contact (Childe 1956). 

Archaeologists have devised ways to take into account anomalous cases, 

and so does the model of this inference form. I now present a model of 

the form taken by the empirical generalizations upon which time-space 

inferences are based. 

Generalizations based on time. Let Y stand for a set of mor

phologically similar elements. We then derive the set: 

AY = (*1. t2, . . . tn) 
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where (tp t2» . . . tn) is the set of untransformed times at which mem

bers of set Y have been found to occur. Now, removing the elements 

from this set which occur for any of the possible reasons mentioned 

above as determined through various transformations gives: 

Ay' = (tj, t£, . . . tn) - (ta, tj-,, . . . tn) 

where (ta, t^, . . . tn) are anomalous times of occurrence. The set Ay' 

should include only the times when members of Y are in the use process. 

Let y be an individual element; if y Y, then 

minAy' - ya - maxAy1 

where ya is the true date of y and 

minAy' = the value of the minimum member of Ay 

maxAy' = the value of the maximum member of Ay. 

Generalizations based on space. Let Y represent a set of mor

phologically similar elements. We can then define the set: 

By = (Pj, P£ , . . . pn) 

where (Pj, P2» . • . Pn) is the set of places where elements of Y have 

occurred. Again, removing anomalous cases by transformation produces: 

By' = (Pi / P2' • • • Pn) ~ (Pa* Pb» • • • Pn) 

where (pa, p^, . . . pn) are points removed from consideration based on 

arguments about the mechanisms that operated to produce the spatial 

anomaly. 

Let y be an element; if y£Y, then y^By" where By" is the 

set of all points enclosed by the largest irregular plane polygon that 

can be formed by connecting three or more of the members of By'; y^ 

is the true location of y. 
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It is now possible to demonstrate why exceptions to these em

pirical generalizations can so easily arise. Both Ay' and By' are finite 

but open sets. From time to time both sets acquire new elements and 

therefore ya and y^ have different probable values at different times 

since minAy', max Ay', and By" are affected by changes in Ay' and By1. 

Nothing can be done to change the basic nature of time-space inferences 

and the empirical generalizations upon which they depend. Archaeolo

gists are well aware of the limitations of time-space inferences, but 

through firsthand experience they have learned that such inferences are 

usually correct. Often there are no alternatives available to acquire 

information about when events occurred except by using artifacts to 

measure time. 

Ethnic Boundaries 

In an attempt to identify the Indian behind the artifact, many 

archaeologists advocate the goal of reconstructing past ethnic units. 

Other archaeologists maintain a less humanistic perspective but never

theless attempt to identify past social units. Both perspectives encom

pass a variety of opinions about whether such units correspond to emical-

ly defined social units or ethnic boundaries of the past. By "emic," I 

mean defined from the native's point of view. Inferences about past 

ethnic or social unit boundaries, whether derived from the examination 

of chipped stone or any other artifact class, demand close scrutiny to 

enable one to identify the correlates upon which they rest. Unfortunately, 

few archaeologists have engaged the problem of correlate construction at 

a sufficiently general level, and those who have fail to take the next 
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step of ethnographically testing their formulations. The basic question 

which one must ask is: How do groups or social units at one level of 

another symbolize or otherwise give clues to their composition in the 

attributes of material objects? I now discuss some of what is known 

about ethnic boundaries in the present and then proceed to criticize 

established archaeological approaches to the problem. I conclude this 

section with some alternative suggestions. 

A summary of general information about ethnic boundaries in the 

present is a useful starting point. In the first place, many large-scale 

boundary labels, such as Chumash, Nuer, Hopi, Hidatsa, designate 

units of different kinds or at different scales. Often these boundaries 

are related to administratively imposed subdivisions, such as the major 

cultural divisions of Madagascar (Kottak 1971), while others are derived 

from linguistic similarities and differences, such as the Tiwas or Tewas 

or Towas (Dozier 1970). Some ethnic units, such as the Murngin, were 

imposed by the ethnographer (Edmondson 1972). Most large-scale or 

"tribal" boundaries are based on linguistic, other emic, or nonbehavioral 

criteria. No unitary dimension of meaning appears to underlie the diver

sity in the distinctions of ethnic boundaries in the present, whether pro

duced by the ethnographer, administrator, or the people themselves. 

The fluidity in the cross-cultural derivation and usages of 

ethnic boundary terms is bewildering. Spatial integrity is not always 

required. A "black" is a "black," even if no others live in the same 

community. Clearly, distinctions drawn at different levels by the people 

themselves may serve different functions at the same time or the same 

functions at different times. The principle of "segmentary opposition" 
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so pervasive in some African societies (Evans-Pritchard 1940) operates 

at an abstract level among all peoples. Every social unit or individual 

can be defined apart from or identical to any other social unit or indi

vidual (Sahlins 1961), depending on the situation. The possibility that 

at some levels and group combinations no term of common designation 

exists is realized. The Eastern Pueblos, for example, did not have a 

generic term for "Pueblo" (Spicer 1962), and this probably reflects the 

absence of a behavioral context in which such a designation would have 

been useful. 

It appears that a minimal requirement for an archaeologist seek

ing to identify a past ethnic or other social unit boundary is to state 

the level of social unit contrast in which he is interested. The ques

tion "Who were these people?" (Rouse 1965) has meaning to a person 

as a member of a social unit only when some level of social unit con

trast is specified. 

Regardless of the exact level of the social unit boundary in 

which an archaeologist is interested, a single principle has functioned 

to relate artifact distributions to past social unit boundaries: social 

boundaries that were recognized by people of the past (emic boundaries) 

are reflected in internally homogeneous artifact clusters which differ from 

similarly established units (adapted from Childe 1956). Spatial integrity 

is an important aspect of this correlate. The necessity of assuming that 

there is a relationship between emically defined ethnic boundaries and 

spatial-material variables is evident for anyone interested in social unit 

or ethnic boundary reconstruction. But the truth of the above correlate 

has not been demonstrated to my knowledge on relevant ethnographic 
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test data. If emically defined boundaries are shown to have material 

correlates, then one may expect that they can be successfully recon

structed. But if they are reflected materially, it is likely that they can 

also be identified etically in an ongoing system. In other words, they 

constitute real behavioral boundaries identifiable from the observer's 

point of view which function to regulate the flow of energy, matter, or 

information. In many cases, this might turn out to be social interaction 

or the exchange of goods. 

One may look at this in another way. There are probably many 

behavioral boundaries recognizable to an outside observer that do not 

have emic designations. These important units should also fall within 

the purview of any archaeologically viable approach to the reconstruc

tion of past boundaries. If archaeologists are interested in ethnic or 

other boundaries they should probably begin to investigate in the present 

the material-spatial correlates of etically definable boundaries at dif

ferent levels. It is unlikely that ethnographers will undertake these in

vestigations; their interests seem to lie elsewhere (Barth 1969). 

Another archaeological approach to the ethnic boundary problem, 

one which has gained some ground in recent years, is to acknowledge 

that if it is hard to pin down an invariant meaning to ethnic boundaries 

in the present, it is manifestly impossible to establish any significant 

correspondence between archaeological "cultures" and ethnographically 

established units of ethnic designation. The solution, we are told, is 

to be satisfied with archaeologically identified units based on trait dis

tributions at several levels and not worry about ethnographic 
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correspondence (see Clarke 1968 for an outspoken recent advocate of 

this viewpoint). 

This is an appealing solution for several reasons. The first 

being that it ostensibly frees archaeology from dependence on social 

anthropological concepts. This could lead to the development of con

cepts more appropriate to the nature of archaeological data, an aim that 

most of us share. In the second place, this solution is an easy one to 

follow. In practice archaeologists have done precisely what Clarke 

(1968) suggests for many years (Willey and Phillips 1958). Many ar

chaeologists have developed schemes for designating cultures and cul

tural boundaries for which no claim of correspondence to social 

anthropological units is made. The systems have worked well as a stop

gap measure for organizing the variability in the archaeological record. 

Recognized as such, this approach has limited potential for eventually 

making past systemic boundaries accessible. 

I believe that there are now compelling reasons for replacing 

this approach with a more satisfying and anthropologically meaningful 

solution to the boundary problem. In the first place, neither the ethno

graphic nor archaeological culture unit concepts are articulated to a body 

of theory about interunit dynamics or the functioning of boundaries in 

general. The strict (and narrow) archaeological approach to concept 

building denies us the opportunity to learn what cultural processes are 

responsible for producing the variability in the remains which we observe. 

The approach that I propose is to generate and test correlates that relate 

to etically definable behavioral boundaries and couple them to the con

struction of general culture theory and theories of boundary mechanisms. 
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It is conceivable that archaeologists could provide crucial test data for 

hypotheses about the functioning and changes in ethnic and social unit 

boundaries at various levels. 

The hodgepodge of implicit and poorly developed correlates 

under whose burden we now labor leads to methodological confusion and 

ambiguity. The fundamental distinction between functional variation and 

stylistic variation and the many levels that the latter can reflect (Binford 

1965) are fairly well known. Unfortunately, we have few explicit cor

relates, the use of which allows us to separate rigorously the two kinds 

of variation for any class of artifacts or to partition stylistic variability 

among the many possible social units that it reflects. 

As an example, some recent studies of prehistoric social or

ganization have made assumptions about the level of attribute discrimi

nation that serves to differentiate the social units at a village known as 

an "uxorilocal residence group" (Longacre 1970a; Hill 1970b). Unfor

tunately, no correlates are presented to justify the particular set of at

tributes chosen or the method of their analysis in making the 

organizational and interactional inferences. It is not intuitively obvious 

that design elements on pottery (or chopper types, for that matter) vary 

with the social unit that manufactured them. It is equally possible, on 

an a priori basis, that design elements vary in relative frequency accord

ing to the forms of the vessels on which they are placed or the situations 

of their use. The point is that at present our undeveloped base of corre

lates does not really allow us to know. 

It should be possible to construct correlates which contain more 

information about the kinds of attribute sets related to social units at 
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different levels. As a starter, I suggest that stylistic variation can re

flect at least the following social units. 

1. The unit of procurement. The nature of the raw materials should 

reflect the organization of procurement activities. 

2. The unit of manufacture in terms of both the actual manufactur

ing operations and others performed to identify consciously an 

artifact with a specific social unit. 

3. The unit of use is implicated by the use-relevant attributes of 

an object, even though this attribute set is suspected to inform 

only on function. Holding other variables constant, cooking 

vessel size may relate to the size of the social unit of consump

tion (Turner and Lofgren 1966). 

Another thought is that the activities performed closest to the 

end of the manufacture process reflect the most specific or idiosyncratic 

social unit or individual of production and that attributes produced by 

earlier processes reflect technological and use considerations. This is 

true in a very general but perhaps not very useful sense. Clearly, even 

raw material choice may be a function of stylistic preference on the part 

of the social unit of use. 

These and related questions and hypotheses may lead to the 

design of experiments which will produce important correlates to guide 

archaeologists in their choice of attributes and attribute combinations 

relating to specific social units of the past. A lengthy digression into 

the conceptual basis of social unit and cultural boundary inference is 

necessary in any treatment of the interpretation of variability in artifacts 
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and their distributions. This is especially so because variables relating 

to social units and cultural boundaries are increasingly said to be mea

sured in archaeological studies. The reconstruction of "peoples" at one 

level or another—under the banner of traditional or new archaeology— 

may become a viable aim when a consistent correlate approach, based 

on sound theories of boundary functioning, is applied in conjunction 

with relevant transformation procedures to the variability in archaeolog

ical remains. 

Behavioral Inference 

Technology 

Studies of technology aim to answer the dual question of "How 

was it made? " and "What materials and knowledge are required to make 

such an object? " With respect to chipped-stone tools, this dual ques

tion has been raised now and again during the past century. Initially, 

knowledge to answer these questions was obtained by observing the few 

American Indian or other tribes that still fashioned tools by chipping 

stone. But as these tribes dwindled in number and ethnographers turned 

their attention to nonmaterial culture, studies of technology virtually 

ceased in the Americas. As archaeologists realized the need to study 

technology they found that they could attempt to replicate by experiment 

the stages required to fabricate a stone artifact. Such experimental 

studies are now undergoing a sustained revival in several countries 

(Jelinek 1965). 

Embedded in all technological studies, whether experimental 

or not, is a correlate or correlate set that describes a relationship 
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between the properties and attributes of specific materials, applied 

forces, and the resultant products and by-products. To define the gener

al nature of these relationships more precisely is the present task. 

A simple way to look at technological correlates is to visualize 

a mechanical system undergoing changes in state through the application 

of force to one or more of its components. The basic system at State 1 

consists of one or more material elements and an energy source in speci

fiable spatial relationships. At State 2, the energy source is activated 

and it applies a force to one or more of the other elements, often indirect

ly through another element termed "the fabricator." At State 3, the sys

tem is again at rest and all the energy has been converted into the work 

of modifying materials and heat. For example, let us take the case of 

the production of flakes by percussion techniques. The elements at State 

1 consist of a core, an oblong cobble or other hammerstone (the fabrica

tor), and the human energy source. When the energy source places the 

hammerstone in motion to strike off a flake, the onset of State 2 is sig

naled. State 2 ends and State 3 begins when the core, newly produced 

flake, hammerstone, and any other by-products are again at rest. The 

question then becomes: What must one know in order to predict State 

3 from knowledge of States 1 and 2? In other words, What are the inde

pendent variables of States 1 and 2 that determine the nature of State 3? 

Returning to the system defined, we note that under ideal cir

cumstances the following information is available for correlate construc

tion: a description of the properties of all materials involved in both 

States 1 and 2 and State 3 and a description of the attributes of the 

energy source and fabricator and how they behave to effect a change in 
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in the system. This information can be arranged to form the following 

relationship: 

if and only if Aj ^ n^e^l . n^ anc* ^ and 

then A1 . . . n^e3l . . . n> and E3 

where 

A1 . . . n(ell . . . n) = relevant attributes of the elements in the 

system at State 1 

El = relevant attributes of the fabricator or 

energy source at State 1 

B2 = behavior of the energy source or fabrica

tor with respect to the other elements at 

State 2 

E3 = attributes of the energy source or fabri

cator at State 3 

Al.. . n(e3l n^ = a*tributes of the system elements at 

State 3; that is, aspects of the products 

and by-products of activity performance. 

This general structure underlies all correlates used in techno

logical studies where effects are achieved by the application of kinetic 

energy. This can be demonstrated through the examination of the results 

of an experimental study, in this case, Crabtree's (1968:465) production 

of blades from polyhedral cores. 

Assuming that obsidian has been properly preformed into a 
core wich ridges, the platform is ground until it has the ap
pearance of frosted glass. . . The pressure crutch has been 
made, and the specimen is now ready for removal of the first 
blade . . . 

And further (Crabtree 1968:465): 
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Blade types are governed by the manner in which the pressure 
tool is placed on the edge of the core. The triangular blade 
is made by directly following one ridge . . . 

In this example we are dealing with an element having certain 

relevant attributes (A^ . . .n(el^ . . .n)): namely, it is in the form of a 

core with ridges and it has the mechanical properties of glass. In addi

tion, the striking platform of this core has the texture of ground glass. 

The fabricator is the pressure crutch, attributes of which at State 1 (El) 

are described (Crabtree 1968:452-453). A description of the behavior of 

the pressure crutch (B2) includes observation of its placement on the 

striking platform at a ridge and the description of the force applied to the 

platform (Crabtree 1968:464). As the system changes to its final stage, 

one has only to describe the relevant attributes of the products and by

products of activity performance and the attributes of the fabricator or 

energy source. In this case, E3 describes the pressure crutch including 

any attribute changes it has acquired through use. The attributes defin

ing a triangular blade plus attributes of a core from which one blade has 

been removed constitute Aj # ^ ,n(e^l . . . n) • 

Crabtree's superbly controlled and well-reported experimental 

studies provide many lucid examples of the basic form of all technologi

cal correlates involving kinetic energy. In few other cases are the vari

ables so clearly defined or completely presented. A study which presents 

an imprecise or incomplete description of the variables precludes the 

exact replication of the experiment by independent observers. By exam

ining the results of specific experiments in light of the general techno

logical correlate, it is possible to ask appropriate questions about what 

else must be known in order to replicate an experiment. 
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Even if one is not interested in conducting technological ex

periments, the general correlate form is useful for evaluating the inter

pretive or explanatory applications of technological correlates. Because 

these statements take the form "if and only if" the observation of 

A1 . . . n<e3l . . # n) and E3 in the archaeological record provides reliable 

evidence for postulating the past presence of n(e*l . n)' ^ anc* 

the past occurrence of the behavior described by B2 (if several stipula

tions are made about cultural and noncultural formation processes). 

Clearly, these correlates are powerful conceptual tools for reconstruct

ing past behavior. 

Some might suggest that technological correlates do not really 

correspond to the "if and only if" model. This is the familar "there is 

more than one way to skin a mammoth" argument, an argument which is, 

however, effectively countervailed by the necessity of restricting the 

variables of correlates to attributes of objects and operationally workable 

descriptions of behavior rather than simply listing the objects and pro

viding some imprecise description of their interaction. "When technologi

cal correlates are composed of rigorously defined, attribute-based 

variables, predictive value and testability are enhanced by a sizable 

factor, and the correlates do closely approximate the powerful "if and 

only if" form. Admittedly, however, the present status of many techno

logical correlates falls far short of attaining the ideal form set forth here. 

By insisting on this extreme formulation, I might stimulate the reexami

nation and reformulation of extant correlates with the useful result of 

tightening many of them up. Further, one may wish to design experi

ments in order to test possible attribute-level differences between 
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differing ways of performing supposedly identical tasks. I suspect that 

if the experimental conditions are tightly controlled, Aj # t > n(e3 # e n) 

and E3 will differ significantly from one technique to the next. 

Use 

There are two basic approaches to a study of chipped-stone tool 

use. The first is to rely solely on the attributes of a tool imparted by 

manufacture activities. The second is to deal only with the attributes of 

modification resulting from tool use. In this section, I show how both 

approaches are related to the general technological correlate and how 

both, if strictly applied, provide only a limited basis for making sound 

inferences about past tool use. 

Let us return to the three-state mechanical system discussed 

earlier. The elements and state changes of tool manufacture activities 

can also be looked at in terms of tool use. In this formulation, the 

object of interest is the fabricator—the tool which applies the force 

directly or indirectly to another object. For example, a stone knife is 

used to cut meat into strips or a hammer pounds a nail. 

An advocate of the strictly "morphological approach" (attributes 

of manufacture) has a limited amount of information with which to operate. 

Such an investigator must claim that there is a relationship between the 

attributes of an applicator at State 1 (which must be inferred from the 

observation of State 3 materials), behavior of the fabricator at State 2, 

and attributes of some of the materials at State 3. In this formulation, 

E3 or use-induced attributes of the fabricator are eliminated from con

sideration and the basic correlate form must be modified and used dif

ferently. The elimination of E3 weakens the correlate and provides a less 
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secure foundation for making inferences. Conceivably, similar fabrica

tors applied to different materials can result in different products and 

by-products and different modifications of the fabricator. It is the latter 

which allows some measure of discrimination to be applied to alternative 

use hypotheses. 

The employment of morphological attributes of State 1 applica

tors exclusively can produce only hypotheses about use potential. It is 

not possible to infer more than the fact that an artifact is, by virtue of 

its form, capable of carrying out a given task or that it is not. For any 

given form there will be several potential uses; attributes of manufacture 

cannot reduce the number of potential uses beyond a certain point, even 

for highly specialized tools. These use potential hypotheses rest on 

highly general correlates derived, often loosely, from experimental ob

servations. For example, in order for a stone projectile to pierce skin, 

it must be pointed. A pointed stone object, then may be considered as a 

projectile, unless other attributes, such as weight, preclude that poten

tial use. 

On the other side of the coin, it should be clear that inferences 

which depend only on the examination of use-wear attributes of the fab

ricator (E3) are also very weak. Application of the basic correlate to this 

question leads to the conclusion that alternative tasks carried out by 

morphologically different pieces could produce similar use modifications 

on the fabricator. This is still to be experimentally determined—but this 

logical (and empirical) possibility does not make use-wear inferences as 

secure as some advocates of the approach maintain (Semenov 1964). In 

practice, however, the strict use-wear approach has probably never been 
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applied. Even Semenov (1964:13) discusses use-wear within morphologi

cal classes and notes that the "wearability" of any tool depends on vari

ous factors, including material and shape of the working part. 

An approach which is based on both attributes of use-wear and 

attributes of morphology provides the best opportunity to reconstruct the 

tasks in which tools were employed. This is the approach that Semenov 

(1964) actually applies, although he plays down his use of morphological 

attributes in the initial artifact sortings. Even this dual approach has 

certain weaknesses, because attributes of the other elements at State 3 

are not considered. 

The most secure inferences of all utilize attributes of the ap

plicator (use-induced and morphological) at State 3 and attributes of the 

other elements of activity performance at State 3. For example, if one 

possessed knowledge of a tool's shape, attributes of wear, and attributes 

of the material on which one suspects that the tool was used, an infer

ence of high probability could be proffered about E2 and other State 1 

and State 2 variables. Such an inference would make full use of the 

valuable if and only if property of the general correlate. 

Unfortunately, the conditions for applying the general correlate 

in this manner are seldom met. There are several causes for this situa

tion. The first relates to cultural and noncultural formation processes 

which, in many cases, preclude the observation of all State 3 variables 

at the same place, or at all. The second reason is the tentative and im

perfect state of correlates relating to use, whether they correspond to the 

idealized general correlate or are simplifications of it. For example, al

though Semenov (1964) provides numerous correlate-like statements, 
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they must be accepted on a provisional basis only, because the experi

ments by which they were established have not been described in suffi

cient detail to allow their evaluation or replication. This is readily 

determined by examining them with aid of the general correlate. 

Time after time, it is found that crucial variables are not made 

explicit. The variable of use frequency is never mentioned, although it 

is clear that numerous instances of use must have been necessary to 

produce the modifications on many of the tools he illustrates. The 
\ 

general correlate forces one to ask these questions, since it requires a 

detailed specification of the behavior of the applicator at State 2. Use-

frequency is one aspect of this description—a crucial aspect whose 

omission calls into reasonable question many of Semenov's conclusions. 

Although he presents his results as securely established, many more 

carefully controlled experimental studies must be undertaken before a 

fully credible base of use-relevant correlates is available for applica

tions to the study of tool use in the past. 

An investigator interested in studying tool use must be willing 

to make many painful decisions and compromises in strategy in order to 

carry out his study. Aside from the poorly developed correlate base is 

the enormous investment of time and effort required to perform use-wear 

studies. Dunnell (1971) goes so far as to suggest that use-wear studies 

are impractical except in the treatment of small samples. Thus, con

straints of time and problem interest are likely to force an investigator 

to rely too heavily on morphological attributes and produce inferences 

of use potential, although the investigator may not be aware of how in

secure these inferences are. These shortcomings, however, can be 
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remedied to a certain extent by testing of use hypotheses on distribution

al and correlational data in subsequent phases of the research. 

General Considerations of Method 

No cookbook exists from which an investigator can construct 

classificatory devices to measure the variables of the past that interest 

him. However, I believe that it is both possible and useful to delineate 

several basic operations that are approximated, to a greater or lesser 

extent, in all studies that generate and employ typologies. I have or

ganized these operations into an ideal program of analysis. These oper

ations are presented here in what I consider is the optimal order for 

efficient achievement of results. This order, because it more closely 

approximates the presentation of finished results than the actual con

duct of research, is not the most important feature of the program. 

Variables of Measurement and 
Attribute Selection 

All studies should begin with a statement of what variable or 

variables from among the large potential number (Binford 1965) are to be 

measured by the typology. These variables are determined by an inves

tigator's wider problem focus or the hypotheses to be tested. For ex

ample, an archaeologist interested in technology might design a typology 

to measure the stage at which an element was produced in the manufac

ture process. Other questions may lead to measures of style--such as 

the different social units of manufacture. These are only some of the 

many possible variables that can be measured from a set of objects. 
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Correlates and Attributes 

A clear statement of the variable to be measured gives the 

archaeologist a starting point from which to arrive at specific attributes 

and attribute states of his material. Bridging the gap between the proper

ties of one's material and the variable of interest is a set of correlates. 

For example, assume that one is interested in measuring the different 

uses of the tools in a collection of chipped stone. In order to select the 

use-relevant attributes from among an infinite number of possibilities 

(Evans and Hill n.d.), the archaeologist applies several general 

behavioral-material correlates. These correlates state, as shown above, 

the attributes that an element must possess in order to perform a given 

task or the attributes that an element acquires as the result of task per

formance. If one has prior hypotheses about specific tasks, it should 

eventually be possible, given further correlate development, to specify 

relevant attributes and attribute states. The usual case at present is 

that the investigator can only suggest in a very general way the attributes 

or general attribute classes that might be relevant. 

The basic weakness in applications of the correlate-attribute 

approach is that correlates for all variables of potential interest are 

often so poorly developed, with the possible exception of manufacture 

activities. It is likely that an archaeologist desiring to explain the 

variability in his artifacts for the purpose of measuring past variables 

will have to undertake experimental studies of his own to derive and 

test correlates. This is really not as discouraging as it seems at first 

glance. Like all experimental laws, correlates, once established, can 

be used again and again in different studies without repetition of the 



195 

experiments by which they were initially established. As these experi

mental studies are undertaken on a wider scale, all archaeologists will 

benefit through the development of a large set of correlates. 

Ordering of Attributes 

Once the investigator has identified the attributes that are 

relevant to measuring a past variable or variables he must arrange the 

various attribute states into types. In the majority of cases, this is 

still done at an intuitive level. The archaeologist orders his materials 

into sets of similar objects. Members of these object sets are more 

similar to other members of the same set than to members of other sets — 

on the basis of the attributes that are considered. This is the basic 

definition of set inclusion (Whallon 1972) and holds for both monothetic 

and polythetic types (Dunnell 1972; Thomas 1970; Clarke 1968). This 

arrangement process creates sets that appear to the investigator and 

many independent observers as "natural" subdivisions of the materials. 

It must be recognized, however, that an infinite number of divisions 

could be made that meet the definition of set inclusion. The intuitive 

recognition that an ordering is somehow "right" or "natural" results from 

the common possession by a number of investigators of a set of correlates 

that specify certain attributes and attribute combinations that inform on a 

past variable of shared interest—such as time. Individuals who have 

internalized these correlate sets recognize certain attribute clusters— 

types—as being the most meaningful and the most naturally appearing 

units. 

Anyone who tries to break out of this closed system of type 

construction (based on the use of implicit correlates and often implicit 
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attributes) will find himself turning to various techniques of formal and 

multivariate analyses. For example, in one recent study Whallon (1972) 

demonstrated the utility of using the key or tree diagram as a model for 

ordering attribute discriminations to generate types. In another example, 

Haury (1950) has shown the relevance of the paradigm to display attri

bute relationships among the member types of a paradigmatic class, in 

his case, projectile points. Displaying type relationships solves only 

part of the problem of generating types on an explicit attribute basis. 

Formal methods by themselves do not produce the types—they only de

scribe the interrelationship of types after they have been generated by 

some other method. 

The statistical approach based mainly on demonstrable associ

ations among attributes is now enjoying a modest boom in activity. 

Multi-variate analyses of many sorts, such as factor and cluster, offer 

the promise of clustering relevant attributes into types. It is necessary 

to point out, however, that some of these techniques, such as numerical 

taxonomy, derive from systematic biology (Sokal and Sneath 1963) where 

they are utilized in assessing "overall similarity." Sokal and Sneath 

discourage the selection of attributes on any relevance requirement 

basis. They counsel investigators to use many attributes—as many as 

60—and allow the analytic technique to determine the relationships. 

If the strict biostatistical approach is applied uncritically in 

archaeology, it may hamper serious efforts at employing artifact varia

bility to inform on variables of the past. The only variables that can be 

measured—if any—with uncritical "shotgun" attribute selection proce

dures is relative time or gross size (Speth 1972). And, while relative 
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time is a useful measure, it is merely a summary variable of all other 

kinds of variation. 

The ability to measure relative time from artifacts is a by

product of the way human behavior changes and is reflected in material 

culture. Changes in behavioral subsystems, such as artifact use, manu

facture techniques, and patterns of symbol recognition (style change), 

occur gradually or at least with continuity, probably independently and 

at different rates. The shotgun approach to attribute selection may cut 

across all three dimensions and more with the useful result that overall 

similarity is measured. Gross similarity may be a function of evolu

tionary distance or some other composite measure of behavioral change 

as reflected in changing attribute combinations and changing type com

binations. In short, uncritical attribute selection procedures are useful 

for a limited range of problems, but their overzealous use in all areas of 

typology construction may lead to spurious results and the loss of poten

tially informative attribute and artifact combinations. Most archaeolo

gists, it should be made clear, do not use this approach. 

Perhaps the limited success to date of multivariate techniques 

results from its close coupling to shotgun attribute selection procedures. 

As more archaeologists come to appreciate that the attributes that they 

incorporate into their statistical analysis determine to a large extent the 

variable that can be measured by the resultant typology (Thomas 1970), 

more attention will be paid to the important process of selecting attri

butes relevant to the past variable of interest. The development of more 

useful statistical approaches depends on the concomitant development of 

better procedures for selecting relevant attributes. 
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Evaluation of Typology 

After one has arrived at intuitively or statistically adequate 

attribute clusters and formed a set of types, there is a need to examine 

the resultant classes with respect to the body of correlates used to 

generate the constituent attributes and determine their correspondence. 

At present, this is still an intuitive procedure. The archaeologist exam

ines the types and asks: Do they measure the variable of interest: Are 

they the best measure of this variable that can be achieved on this col

lection of materials? There are no set guidelines by which to answer 

these and related questions. Ultimately, the question is answered by 

how well the typology works in the study of which it is a part. 

Other aspects of a typological system can be measured by per

forming tests of replicability (Thomas 1970). A more practical test that 

can be applied to determine the workability of a typology is to employ 

it directly on the actual collections. At this stage, the investigator 

should be looking for a close fit between his types and his materials. 

A typology is adequate to the extent that it allows the unam

biguous assignment of all specimens to the various types. Adequacy 

requirements are not met when there are increasing numbers of anoma

lous specimens or there is increasing difficulty in choosing between 

types for any specimen. Adequacy, as defined here, is usually improved 

by one or more recycling steps. These changes are produced by adding 

or deleting attributes from the analysis, changing the technique of analy

sis, or making some other adjustment that results in a modification of 

the typology. These adjustments take place until the analyst is satisfied 

that his typology is adequate. 
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In some cases, it is possible to generate hypotheses about 

class if icatory consistency that can be tested with distributional and 

correlational data. These independent tests may indicate the degree to 

which the typology is accurate; that is, the extent that it successfully 

measures the variable of interest. 

Attribute and Type Definitions 

In the next stage of analysis, the investigator presents com

plete and rigorous definitions of his attributes and attribute-based defi

nitions of his types. For each monothetic or polythetic type , the 

relevant attributes and their permissible states are listed. The attribute-

based definitions for all types in a class if icatory system can be used by 

an independent investigator who desires to approach the collection and 

reclassify the artifacts. If the typology is adequate, the new arrange

ment of artifacts should closely approximate the first ordering. 

To achieve full replicability, it is not sufficient merely to list 

the attributes and their states for each type. The analyst must also 

specify how each attribute is to be measured and how to identify alter

native states of each attribute (Thomas 1970). Usually a discipline 

possesses standard methods of measuring its most frequently used vari

ables. And so it is with some attributes of materials in archaeology. 

But one must be on the lookout for lurking ambiguities in attribute defini

tions, even of such a commonly measured attribute as "flake length." 

There are multiple ways to make this measurement, especially if one is 

interested in the orientation of the flake with respect to the plane of the 

striking platform (Jelinek 1972). 
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Decision Models 

Although complete attribute-based type definitions are sufficient 

to allow an independent investigator to apply a typology, there may be a 

more efficient way to acquire the necessary information than memorizing 

these definitions. Any set of types defined by attribute states can be 

represented as a decision-making model and used for assigning speci

mens to types. By this method, one provides a sequence or key in which 

to examine the attributes of an artifact (Whallon 1972; Thomas 1970). If 

one state of an attribute is present, a type definition is met and the arti

fact is assigned to its proper place in the typology. If another state 

occurs, the analyst examines the next attribute in the sequence, and so 

on, until the attribute states of an artifact lead it along the decision 

paths to its proper type. The construction of decision-making models 

from attribute definitions of types is an intuitive, trial-and-error pro

cess, just as it is for writing solutions to componential analyses in cul

tural anthropology (Burling 1964). There is a large but finite number of 

decision models that can be generated for any set of type definitions. 

At present, there exists no set of rules that can be employed 

by an investigator for providing the most parsimonious model of the 

decision-making process. It should eventually be possible to elevate 

the process of model construction above the intuitive level by devising 

rules by which the distribution of attribute states among the attributes 

can be transformed into an ordering of the attribute discriminations. One 

possible objection to this procedure is that the most logically elegant 

solution may not be the most economical in terms of the time spent in 

classifying the artifacts of a collection. One might suppose that the 
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most efficient decision model, in archaeological terms, would insure 

that the fewest attribute discriminations are necessary to segregate the 

most frequently occurring types, thus reducing total sorting time. It is 

hoped that future experiments with decision model construction will shed 

light on the ways both to teach other investigators a typology and to al

low the typology, once learned, to be efficiently applied. McCutcheon 

and Tamplin (1973) report several tests of a key-generating computer 

program which claims to take these factors into account. 

Discussion of Errors 

The conclusion of any exercise in typology construction should 

include a discussion of several types of error that creep into the use of 

any classificatory system. The first kind of error, resulting from differ

ential recovery percentages, would at first glance seem misplaced in 

discussions of typology. This is not the case, however. One can only 

discuss recovery percentages with respect to categories of artifacts. 

Some typologies might define unrecovered items out of existence. A 

discussion of recovery percentages must be made in terms of the artifact 

types employed in later analyses. The basic question one asks for each 

type is: What percentage of the artifacts of this type, originally present 

in the units excavated, are available for analysis? 

The second kind of error occurs in all analyses and results 

from the assignment of artifacts to the wrong types. There are several 

basic causes of misassignment errors. The first is carelessness or acci

dent. Errors from these sources are not likely to produce systematic 

skewing of the results. Their total contribution to any analysis is nor

mally small, unless the personnel doing the typing are poorly trained. 



202 

A more serious cause of misassignments is related to the ade

quacy of the typology and results from ambiguities in the categories 

themselves. Although one attempts to provide the most rigorous Attribute-

based definitions as possible for all types, this rigor of category exclu

sion is not always so apparent at the artifact level. Closely allied to 

this source of error are the errors introduced into the analysis by im

precise instruments for measuring attribute states. Errors introduced by 

category ambiguity and imprecise measuring instruments are likely to be 

systematic. After an analysis has been completed, there should be some 

way to determine the possible effects that these error sources have on 

the results. It would seem that the analyst is responsible for at least 

estimating the magnitude of these sources of error. He is the only per

son, in the absence of replicability experiments, who can provide this 

information—however subjective it may be. 

Major Shortcomings of the 
Present Analysis 

The analysis undertaken here falls short of providing a fully 

adequate and accurate typology that can be applied successfully by 

independent observers to the same body of data. The reasons for the 

imperfect correlation between the ambitious program set forth above, 

and the actual analysis described below relate in part to the inevitable 

constraints of time and resources that the priorities of any research proj

ect place on the actual activities that make it up. The absence of a 

systematized body of correlates dealing with artifact use is a significant 
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barrier to the research undertaken here. Improvisations and compromises 

were made so that the analysis could proceed in their absence. 

Of the attributes which potentially can inform on artifact use 

(as determined by the few explicit correlates) only a few were actually 

examined and incorporated into the type generation procedure. No sys

tematic attempt was made to use attributes of use-wear to produce types. 

And finally, no rigorous statistical ordering of the relevant attributes 

was undertaken; instead, the intuitive, but still serviceable method of 

ordering artifacts on the basis of similarity was employed. 

Analysis of Chipped Stone Recovered 
at the Joint Site 

Problems and Variables of Interest 

The purpose of classifying the chipped stone at the Joint Site is 

to facilitate a demonstration of explicit transformation procedures. Spe

cifically, this demonstration will take place in the context of an attempt 

to reconstruct the activities and their locations of performance within 

the systemic context of the chipped-stone artifacts from the Joint Site. 

Such a study raises the following questions: 

1. Where did the activities of various stages of chipped-stone 

tool manufacture take place? 

2. What were the most frequent activities in which chipped-stone 

stools were used? 

3. Where were various functionally distinguished chipped-stone 

tools used? 
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In order to answer these and related questions, a class if icatory 

system must be devised for measuring the variables of use and manufac

ture stage. A third variable, raw material, will also be measured, since 

it relates to the other two. For example, two finished tools may be mor

phologically identical, but if they differ in the properties of the materials 

of which they are made, they could be used in different activities. Also, 

lithic materials which differ in flaking qualities might be produced by 

different activities of manufacture in different locations. And finally, 

different materials may have been obtained from sources varying in their 

ease of accessibility. Scarce materials might be made into a restricted 

number of forms, used in fewer kinds of activities, or used in different 

locations. One might expect more recycling of the scarcer materials. 

I now discuss the three variables that the classificatory system 

must measure—manufacture stage, use potential, and raw material (ease 

of availability, flaking, and use qualities)—and present the types which 

are to be used in answering the questions raised above. But before this 

can be done, a brief account of the sorting and counting procedures is 

presented. 

Procedure 

The analysis of chipped-stone implements and debitage from 

the Joint Site began with a preliminary examination of approximately 50% 

of the A provenience units of the surface collection. The surface collec

tion was thought to provide a usable but not necessarily representative 

sample of the range of formal variability in chipped-stone materials. I 
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hoped that the partial surface sample would include most of the artifact 

types or at least those which occur in abundance. 

The artifact bags were emptied onto a working area, and speci

mens of similar form were grouped together (this unfortunately resulted 

in the loss of provenience information of these surface artifacts, none 

of which was labeled). The artifacts were grouped and regrouped until 

I was satisfied that types had been created which were based on attri

butes of manufacture stage, use potential and raw-material type. The 

attributes which I took into consideration included artifact size, edge 

angle, shape, relative placement of the working edge, use modification, 

retouch, and raw material. There was a constant interaction between 

the provisional types defined by the artifact sets and the equally tenta

tive ideal types based on consideration of attributes relevant to the 

three variables of measurement. 

After completing the sort and re-sort operation, I codified the 

types with preliminary attribute-based definitions. These definitions 

served for reference while the remainder of the collection was being 

classified. Because of the scarcity of manufacture modified tools in the 

surface collection, I had to add types as I went along. As new types of 

unifacially chipped tools were encountered, they were added to the typ

ology, as were their attribute-based definitions. All bifacially flaked 

tools were culled from the collection during sorting and were examined 

together at the end of the analysis. It was only at this terminal stage 

that bifacial tool types and attribute definitions were established. 

All types were assigned a type number, and it is to these arbi

trary numbers that reference is made throughout the remainder of this 
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study. Sorting and counting was facilitated by use of large cardboard 

charts on which a grid of 80 squares was drawn. Each grid square and 

number corresponded to a type or potential type. The type numbers in 

each square were duplicated on the recording form. The recording form 

was designed so that computer cards could be punched from it directly 

without the use of an intermediate form. An example of the recording 

form for chert is presented as Fig. 13. The numbers in the upper left 

corner of each square are the type numbers. The numbers on the bottom 

of each square represent columns of the computer cards, and the occa

sional numbers in the center of a square refer to the punchcard number. 

Two sets of sorting charts were made, each consisting of one 

chart for each of the three kinds of raw material. While I sorted speci

mens on one set of cards, my wife Annette recorded the artifacts pre

viously sorted on the other card set. To equalize sorting and counting 

times, Annette often made a preliminary division of the specimens by 

raw material and flake size and then discarded all unmodified stone that 

had inadvertently been collected. This procedure of sorting and record

ing worked extremely well—whether in operation by one or two persons. 

A recording form that corresponds in format and code numbers to the ac

tual layout of the specimens (and is also geared to later keypunching) 

turned out to be efficient in terms of time spent and also conducive to 

accuracy in counting and recording. 

All artifacts were classified under uniform conditions of obser

vation. Lighting was entirely artificial, consisting of fluorescent tubing 

of average intensity. No hand lens was ever used, despite the slight 

(corrected) farsightedness of the observer. In cases of doubtful use 
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modification, the pink of the index finger served to place the contested 

edge into sharp contrast. The total time spent in sorting and recording 

amounted to 285 + 25 person-hrs. I have no record of the time spent in 

designing the analysis and the typology. 

Although many classes of artifacts were distinguished from 

similar classes on the basis of size or edge angle, no edge-angle mea

surements were made on any of the specimens by the use of a device 

other than the eye and experience of the observer. Size was occasionally 

measured in borderline cases by means of a template within close reach 

of the sorting location. 

Raw Material 

Archaeological classifications of stone material are usually 

straightforward applications of the system generally used in geology. 

These geological categories are based on attributes related to how a 

rock was formed, its most dominant mineral constituents, and occasion

ally the presence of trace compounds. Categories which grade rocks 

according to composition and genesis may or may not be useful for 

archaeological purposes. In the study, the variables of fracturing and 

use properties are of primary interest, while accessibility is of secon

dary importance. 

The small body of literature reporting analyses of Hay Hollow 

Valley chipped stone was examined to learn if any categories of raw 

material usable in this study had already been devised. In describing 

materials from the Carter Ranch site, Rinaldo (1964) identified the pres

ence of several varieties of raw material, including chert, chalcedony, 
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felsite, diabase, quartzite, basalt, and petrified wood. Rick and Gritz-

macher (1970) tested several hypotheses dealing with spatial-temporal 

patterning in raw material availability, desirability, and use. In doing 

so, five varieties of material were recognized and applied to surface 

collections from a spatially and temporally varied sample of sites. 

Their types were: chert, agate, petrified wood, basalt, and quartzite. 

More recently, Garson (1972) distinguished three types of raw material, 

chalcedony, chert, and quartzite, in a study of the preferential selec

tion of stone by color at N.S. 28. 

Based on my field observations on the sources of lithic material 

in the Hay Hollow Valley during the summers 1968-1971, I can state 

that the stone types identified by Rinaldo (1964) and Rick and Gritzmach-

er (1970) cover the variability in materials as far as gross composition 

and locations of availability are concerned, with some exceptions to be 

discussed below. On the other hand, Garson's (1972) fewer categories 

commend his system to anyone who must prevent the unnecessary pro

liferation of categories, each of which has the effect of increasing the 

magnitude of information recording and punching time by a sizable factor. 

Unfortunately, Garson's types, useful for his own project, lack 

sufficient supplementary information about how other stone materials 

were included among them. It should be possible to examine each basic 

type of geologically identified stone in the valley, and based on con

siderations of fracturing and use qualities and locations of availability, 

provide explicit criteria for including them within the threefold system 

of chert, quartzite, and chalcedony. The latter terms are kept as gross 

designations for raw material categories . 
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Petrified wood comes in two varieties in the Hay Hollow Valley, 

differing in flakinc, ualities and locations of availability. Petrified wood 

originating north of C unty Road and east of the main wash produces 

good conchoidal fractures. It is translucent and brightly colored by var

ious oxide impurities. This material closely resembles the high-quality 

wood from the Petrified Forest, which lies about 20 miles to the north. 

Another form of petrified wood occurs in low density throughout the re

mainder of the valley. This material is opaque and comes in pink, 

white, red, gray, brown, or black. Wood of this type is highly variable 

in fracturing qualities — some of the red-brown wood has a good conchoi

dal fracture, while much of the rest produces splintering along well-

defined cleavage planes. 

According to Rick and Gritzmacher (1970:12), agate occurs in 

restricted locations on the west side of Point of the Mountain mesa. I 

have observed veins of this material cropping out along most of the 

west side of the mesa and in scattered locations along the east side. 

This material occurs in tabular form, is highly translucent, and blue, 

gray, brown, or black. The material is often lightly banded with a waxy 

appearance on fresh, sharply defined, conchoidal fractures. 

The chert found in the valley occurs in browns, yellows, and 

reds and varies greatly in chipping properties from extremely good to 

weakly conchoidal fracture. The surface texture varies from almost 

waxy in some specimens to grainy and coarse in others. Chert (along 

with quartzite) is the most abundant stone material in the valley and 

also has the widest distribution, occurring primarily on the lower and 

middle benches and along the sides of the mesa. The Joint Site, located 
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on a middle bench, rests squarely on soil containing many chert 

cobbles. 

Quartizite is also an abundant material, occurring in approxi

mately the same distribution as chert. Quartzite is found in various 

shades of white, gray, brown, and black with occasional tints of red, 

green, and blue. Quartzite, like chert, varies greatly in its fracturing 

qualities from specimen to specimen. Some fine-grained, highly meta

morphosed varieties exhibit good fractures and sharp cutting edges, 

while large-grained incompletely metamorphosed examples often break 

irregularly. Quartzite is also abundant beneath and adjacent to the 

Joint Site. 

Basalt occurs in a wide variety of forms in the valley and is 

abundant, especially in the vicinity of the main wash and on the sides 

and top of the mesa. Fine-grained varieties fracture well and have 

been made into points on many sites in the valley. This material does 

not occur near the Joint Site, and none was procured or used there for 

chipped-stone artifacts, although grinding stones were occasionally 

made of vesicular basalt. 

Obsidian does not occur in or near the Hay Hollow Valley and 

only two pieces were found in the entire Joint Site collection. A vol

canic rock containing prominent phenocrysts—probably felsite—was 

used infrequently at the Joint Site. This material fractures surprisingly 

well but is represented by fewer than 10 items. Felsite occurs in the 

same locations as basalt. 

Because chalcedony (or agate) and the translucent petrified 

wood have similar chipping and use properties and occur at some 



distance from the site, they have been lumped together within the chal

cedony category. Also included in this class are the two examples of 

obsidian. 

In the chert category are included the few specimens of felsite. 

The opaque petrified wood that was chipped resembles grainy and coarse 

chert more than any other material. Because of similar chipping proper

ties and nearby locations of availability, this material is also included 

in the chert category. The final category, quartzite, contains no other 

materials. 

At best, the system employed for classifying Joint Site raw 

materials is a crude composite measure of the required dimensions. 

Arrangement by decreasing availability to the inhabitants of the site 

produces the following ordinal scale: quartzite, chert, chalcedony. 

Based on my observations, this ordering also corresponds to decreasing 

roughness of fracture (see also Semenov 1964:34). 

Technology and Stage of Manufacture 

The ready availability of the raw materials used to make the 

majority of chipped-stone tools at the Toint Site had important effects on 

the technology of tool production. One might have expected an abun

dance of raw materials to lead to the use of a specialized set of tech

niques on materials meeting highly restrictive specifications of shape, 

size, and quality. This was not the case at the Joint Site (perhaps it is 

the case only when large quantities of artifacts are being made for export 

or when only some members of a community are engaged in the manufac

turing activity). The Joint Site technology of chipped-stone manufacture 
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can only be termed "opportunistic." It was characterized by a marked 

indifference to quality control and standardization. Techniques were 

fitted to the chosen raw material and vice versa. 

Although the widespread split-cobble technique, reported in 

the Hay Hollow Valley at Broken K Pueblo (Longacre 1967:99) was used 

at the Joint Site, it was altered or abandoned when not suited to the 

piece of stone at hand. The split-cobble technique works most effec

tively on cobble-sized stones (10-15 cm in diameter and larger); at the 

Joint Site, chert and quartzite often occur in nodules smaller than 

cobble size, usually falling between 5 cm and 10 cm in the greatest 

dimension. One way that the inhabitants of the site coped with flattened, 

pebble-size nodules was to split them in half and, as if removing slices 

from a tangerine, strike off successive radial flakes using the natural 

cortex as a striking platform until no more flakes could be removed (see 

Fig. 14). Cores from this technique are not very distinctive, and many 

were certainly mislabeled "shatter" in my tabulations. The most telling 

evidence for the widespread use of the "tangerine core technique" is 

the large number of small- and medium-size flakes that still retain cor

tex on three edges but lack it on the dorsal surface. The placement of 

the bulb of percussion on these flakes clearly indicates that the striking 

platform was formed by one of the cortical edges. 

Evidence for the lack of sophisticated core preparation tech

niques is also provided by the large number of utilized flakes displaying 

cortex on the dorsal surface and on one or more edges. These are termed 

"secondary decortication flakes" by White (1963:5), but judging by their 
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numbers, these flakes were the end-product of flake production at the 

Joint site, not a preliminary stage in the preparation of cores. 

Despite the variability in chipping and use qualities of the 

chert and quartzite available at the Joint Site, very little raw material 

was rejected on the basis of unsuitability. The scant proof of material 

rejection comes from the relatively few nodules, usually of chert, from 

which only one to three flakes were removed. Cursory examination of 

these cores during counting led me to the conclusion that the material 

was simply too granular or irregular in fracture to produce flakes for the 

intended task. These "false start" cores were discarded without further 

modification. Compared to the size of the entire chipped-stone collec

tion, these rejections were infrequent. Much use was made of lower 

grades of raw material. 

There is no doubt that some makers of chipped-stone tools at 

the Joint Site had great control over their medium—but the control that 

was exercised was seldom greater than necessary to produce an adequate 

tool for the job at hand. Bifacially flaked tools, especially the small, 

triangular projectile point forme so characteristic of Pueblo III and IV 

occupations, often display remarkably controlled and regular patterns 

of secondary chipping and pressure retouch. On the other hand, 

"scrapers" made on flakes or shatter were almost never modified or re

touched, and if so, only the edge angle was steepened by applying high

ly variable techniques of pressure flaking. 

Morphological blades, that is, flakes with a width-to-length 

ratio of about 0.3 to 0.5 did occur. There is no evidence to suggest 

that these flakes were produced by specialized core preparation 
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techniques or pressure flaking. Furthermore, the dorsal surfaces of 

these flakes lack parallel flake scars. Their occurrence in low numbers, 

with no special modifications evident, suggests that they are simply one 

extreme in the normal range of variation in the dimensions of percussion-

produced flakes. Lastly, no blade cores were recovered at the Joint 

Site. 

The Joint Site chipped-stone technology presented some prob

lems in the construction of both useful and realistic categories relating 

to manufacture stage. In generating these categories, the variability in 

technique noted above—related to raw material size variability—was 

largely glossed over. In order to cope adequately with the varieties of 

chipping technique, a large-scale technological analysis, probably in

volving experimentation with similar materials is needed. From such a 

study, the varieties of technique could be inferred from attributes of the 

products and by-products, in accordance with the general technological 

correlate. The magnitude of such an effort, an effect of which would 

have been an unnecessary proliferation of categories, forced the develop

ment of a more workable, compromise classificatory system. 

In Fig. 15, I have modeled what one might disparagingly call 

an "average" or "modal" path of chipped-stone production. This system 

comes out of an examination of existing typologies (Binford and Quimby 

1963; White 1963; Collins 1971) and familiarity with the Joint Site col

lection. This system differs from its predecessors largely in its delib

erate simplification, and in the way that behavior and material relations 

can be economically displayed. This model begins with cobble-on-

cobble technique to produce decortication flakes (White 1963:5), primary 
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Figure 15. A General Model of Chipped-stone Tool Manufacture at the Joint Site 
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flakes, and shatter. These products may be used without further modifi

cation, subjected to percussion trimming resulting in mini-shatter and 

trim flakes, or modified by pressure retouch producing tools and micro-

flakes. As noted in Fig. 15, micro-flakes and other chipped-stone ma

terials not captured by 1/4-inch mesh screen were unavailable for 

analysis (Hanson and Schiffer n.d.). The alternative behavior pattern 

resulting in false start cores is also diagrammed (Fig. 15). In the same 

illustration, type numbers of unutilized by-products are noted. 

The correlates from which specific attributes were selected to 

form, or allow the recognition of, the various technological classes 

are not presented here. The elaboration of what some readers would 

regard as obvious anyway has been avoided. Technological correlates 

are well established, and the attributes, such as bulb of percussion, 

hinge-fracture terminus, and striking platform, that they incorporate 

have a high degree of intersubjective recognition. 

Although the simplified model and resultant typology obscure 

information that could inform on the specifics of past manufacturing be

havior at the Joint Site, I believe it is suitable for indicating the ap

proximate stage in the manufacturing process where any given piece of 

stone emerged. 

Use-potential Categories 

In marked contrast to the highly compressed and generalized 

categories of manufacture stage employed in this study is the large num

ber of categories based on potential use. This deliberate proliferation 

of barely justifiable types is a consequence of the poorly developed 



219 

state of use-relevant correlates and attributes. This condition has led 

me to over-discriminate types in the hope that important varieties of use 

variability might be recognized in later stages of the study by combining 

categories. The technique .of initial over-indiscrimination in the face of 

overwhelming ignorance is useful only up to a certain point, after which 

the returns fail to justify the extra effort spent on sorting, counting, and 

recording the materials. 

Unlike the manufacture stage categories presented above, no 

use could be made of extant chipped-stone typologies in the Southwest. 

These systems (Kidder 1931; Longacre 1967; Rinaldo 1964; Woodbury 

1954) were devised to measure the variables of time, cultural affiliation, 

or use of modified pieces. As such, they are based on a variety of attri

butes that are often inappropriate for identifying the potential use of all 

utilized artifacts. The degree of specialization of these typologies is 

illustrated by the following fairly typical examples. Longacre (1967) 

lists a total of 50 categories, 31 of which are applied to only 60 pro

jectile points. All utilized flakes are lumped into a single class. 

Jelinek (1967:95-97) provides a similar example in which 211 projectile 

points fall within 94 of a possible 420 categories in the typology. Kidder 

(1931), Woodbury (1954), and many other investigators completely dis

regard unmodified but utilized pieces. But more than 90% of the chipped-

stone artifacts made, used, and discarded at the Joint Site are unmodi

fied! Although the other southwestern chipped-stone typologies 

adequately measure the variables for which they were intended, the 

typology employed here must cover more evenly the morphological vari

ations in all forms used as tools. 
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Four basic attribute sets were used to generate the use poten

tial types. These are: 

1. Size. The size of a tool, all other attributes constant, is re

lated to the variety of ways that a tool can be grasped and 

used. Size also affects the mechanical properties of inertia 

and momentum. One might suggest that within limits, the 

larger the tool (all other variables constant), the greater the 

number of potential uses. Three arbitrarily defined size classes 

were used. 

2. Angle of the working edge. Edge angle is related to penetra

bility and the kind of material on which a tool can be used. In 

general, specific edge angles on tools may facilitate the per

formance of certain tasks while precluding or making difficult 

the performance of others (Wilmsen 1968, 1970; Semenov 1964). 

Edge-angle classes found useful by Wilmsen (1968) of less 

than 45°, 45°-65°, and greater than 65° are employed here. I 

now believe that these classes, derived from tools often heavily 

retouched, may be slightly weighted toward steeper edge angles. 

3. Specific modifications. Tools that were modified differently in 

manufacture may have been intended to serve or at least were 

suited to different uses. In the Joint Site collection, denticula-

tions of various size and quantity, notches, and several kinds 

of pressure retouch occurred. In addition to the regular re

touch patterns forming both unifacially and bifacially modified 

tools, several infrequent and unusual kinds of modification 
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were observed and built into the typology. I now believe that 

these forms received more attention than they merit. 

4. Degree of modification and finishing. Tools on which great 

effort has been expended in manufacture were probably intended 

to have a relatively long uselife (Binford n.d.) or a specific 

use. Attributes relating to extent of modification, such as ex

tensive thinning or edge modification, were considered in build

ing the types. 

The presence of macroscopic use modification was a determining 

attribute for certain tool classes and served to differentiate use-modified 

from unmodified pieces. I did not attempt to identify different kinds of 

use modification—even at a macroscopic level—though it might have 

been possible to do so. Use modification was said to be present on an 

artifact if at least two or three small flakes or striations on the working 

edge were visible to the naked eye. 

Rather than count utilized pieces, I chose to count utilized 

edges. This was my solution to the intractable problem of multiple use 

of the same piece. Often two, sometimes even three or four, edges of a 

flake had been used, and all combinations of edge angles were observed 

on flakes and shatter which had been utilized. In order to get some idea 

of the extent of multiple use and the actual number of used pieces, as 

opposed to worked edges, a dunl counting system was employed. For 

all flakes and shatter there were nine classes formed by the intersection 

of the three size classes and the three edge-angle classes. Lima bean 

counters were placed on the appropriate angle categories to indicate 
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other utilized edges of a piece. The placement of the piece itself among 

its possible angle classes was somewhat arbitrary—there is probably no 

way to determine a "dominant" or most important edge of a use-modified, 

multi-edged tool. Row and column sums of worked pieces were made of 

the 3x3 matrix to indicate the total number of artifacts in any size or 

edge-angle class. Each summary class received its own type number 

(Table 9). 

Table 9. Type Numbers of Use-modified Summary Classes 

Constituent Utilized Edge Types Summary Utilized Piece Types 

11, 12, 13 14 

21, 22, 23 24 

31, 
<N CO 

33 34 

11, 21, 31 41 

12, 22, 32 42 

13, 23, 33 43 

15, 16, 17 18 

25, 26, 27 28 

35, 

ID
 

CO 

37 38 

15, 25, 35 45 

16, 26, 36 46 

17, 27, 37 47 

"Where use modification occurred on one or more unmodified 

edges of a unifacially or bifacially modified tool it was ignored and the 

tool was assigned to the appropriate manufacture-modified category. 
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This procedure is justifiable because of the relatively low number of 

manufacture-modified tools compared to the rather large quantity of use-

modified tools. 

A set of potential uses based on the attribute combinations em

bodied in each type can be defined by the application of several very 

general correlates. In this section, each type is given an explicit defi

nition in terms of attributes. Potential uses of each tool type are sug

gested. 

Type and Attribute Definitions, Potential 
Uses, and Decision Models 

The first division of Joint Site artifacts is into the four cate

gories of unifacial retouch, bifacial retouch, use-modified, and 

unmodified. Fig. 16 indicates the relationship of these four categories 

and the sequence of attribute-based decisions which were made to de

termine the category into which a specimen falls. Keys are presented 

below for determining the specific type to which an artifact belongs with

in each of these four artifact divisions. 

Tables 10 and 11 list, respectively, the attribute definitions 

and type definitions of all unifacially modified tools. Fig. 17 presents 

an attribute-based key for assigning unifacial tools to the proper types. 

Tables 12 defines the attributes of bifacially modified tools, 

while Table 13 defines the bifacial tool types. Fig. 18 is the bifacial 

tool key. In addition to the bifacial tool key, an additional single at

tribute of whole/fragmentary was employed to generate several other 

categories (Table 14). These do not appear in the bifacial tool key 

(Fig. 18). 
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Table 10. Attributes of Unifacially Retouched Tools 

(Upper case letters refer to attributes; lower case letters with subscripts 
designate specific attribute states.) 

Attribute 
Attribute State 

A extent of retouch on margin of piece 

aj less than 180° 

a2 greater than 180° 

B spacing of retouch flakes 

bj contiguous or overlapping 

b2 2.0-6.9 mm between margins of adjacent flakes 

b3 some contiguous, some spaced 

b4 greater than 6.9 mm between each flake 

C width of retouch flakes measured at widest point 

cj 1.0-3.9 mm 

C2 4 .0-6.9 mm 

C3 7.0-11.9 mm 

C4 greater than 11.9 

D length of retouch flakes 

dj 1-6.9 mm 

d2 greater than 6.9 mm 

E placement of retouch 

ej on distal edge only 

e2 not on distal edge only 
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Table 10. Attributes of Unifacially Retouched Tools—Continued 

(Upper case letters refer to attributes; lower case letters with subscripts 
designate specific attribute states.) 

Attribute 
Attribute 

State 

F quantity of primary retouch flakes 

*1 1 

*2 2 

*3 3 or more 

G stages of retouch 

91 composite retouch 

92 single retouch 

H area of tool when lying flat 

hl 3.5-8.7 cm2 

h2 8.8-17.4 cm^ 

h3 greater than 17.4 cm2 

I on core 

*1 yes 

*2 no 



Table 11. Attribute Definitions of Unifacially Retouched Tool Types 

Attributes and Permissible Attribute States 
Type 

Number A B C D E F G H I 

73 33 *>1 ci dl e2 f 3 92 h3 i 2 
74 a3 bl ci dl e2 f 3 92 hi,h2 i 2 

67 33 *>1 C2 dl e2 f 3 92 h3 i 2 
68 a3 b3 C2 dl e2 f 3 92 h2 i 2 

69 33 b3 C2 dl ©2 f 3 9 2  hi i 2 

75 33 b3 C3 d3 e2 f 3 92 h3 i 2 

76 a3 b3 c3 d3 e2 f 3 92 hl h2 i 2  

77 31 b5 C4 d2 e2 fl 92 h2 h3 i 2 

78 31 *>5 c3 d2 e2 fl 92 hi 

C
O

 X
 

C
M

 

i 2 

40 31 *>5 C3/C4 d2 ®2 fl 92 h2 h3 il 

62 al c2 d2 e2 h  92 hl h2 »h2 *2 
64 a2 b3 c3 d2 e2 f 3 92 h3 l2 
66 al b2 ° 2  dl e2 f 2 91 hl h

2'h3 *2 
63 32 b2 Cl dl ©2 f3 92 hi h2,h3 i 2 

65 al bl C1 dl el f 3 92 hl h2 'h3 *2 

61 31 b4 C2 d2 62 f 2 92 h2 h3 i2 
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Figure 17. Attribute-based Key for Unifacially Retouched 
Tool Types 
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Table 12. Definitions of Attributes and Attribute States for Bifacially 
Retouched Tools 

Attribute 
Attribute 

State Definition 

A yes/no bifacial flaking on all edges 

B yes/no bilateral symmetry of bifacially flaked portion 

C yes/no bilateral symmetry of transverse cross section 

D yes/no 30 mm or less in length of longest dimension 

E yes/no 35° or less on the edge angle of the longest side 

F yes/no triangular outline 

G yes/no two lateral or basal notches 

Table 13. Attribute Definitions of Bifacially Retouched Tool Types 

Attributes and Permissible Attribute States 

Type 
Number A B C D E F G 

51 yes yes 
no 

yes no yes no no 

52 yes yes yes no yes 
no 

no yes 

53 yes yes yes yes yes 
no 

yes yes 

54 no yes yes yes 
no 

no no no 

55 no no no yes no no no 

56 no no no no no no no 

71 yes yes yes yes yes 
no 

no yes 
no 

44 yes yes 
no 

yes no no no no 
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Table 14. Type Numbers of Whole and Fragmentary Bifacial Tool Types 

Whole 

44 

54 

51 

53 

52 

71 

Fragmentary 

50 

58 

59 

57 

60  

72 
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Use modified tools are treated in the same manner. Table 15 

contains attribute definitions and Table 16 displays the type definitions. 

Fig. 19 is the key for use-modified types. 

In Table 17, the potential uses of all tool types are presented. 

I admit with considerable embarrassment an inability to account rigorous

ly for this list of potential uses. Many of them derive from the inferences 

proffered by Wilmsen (1970) and Semenov (1964) for tools having speci

fied edge angles. Other potential uses were drawn from subjective ap

plications of implicit correlates. 

The attribute definitions and type definitions of unmodified 

pieces are found in Tables 18 and 19, respectively, and the key for un

modified artifacts is illustrated in Fig. 20. 

As noted in an earlier section, the key presented for each of 

the four major artifact classes is only one out of a large but finite num

ber of possible keys. No claim is made that any of the models presented 

are the most parsimonious or efficient. Each key is simply an attempt to 

"mimic" (Thomas 1970) the decisions which were made in assigning 

specimens to types. 

Recovery Percentages and Misassignment Errors 

Table 20 presents a percentage figure for all artifact types. 

This is the estimated minimum percentage at which artifacts of that type 

were recovered. No replicability tests were undertaken of the Joint Site 

chipped-stone typology. Instead, subjectively derived estimates of 

misassignment error are presented. What I have done is to examine each 

type and to ask the following questions: 
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Table 15. Definitions of Attributes and Attribute States of Use-modified 
Tools 

(Upper case letters refer to attributes; lower case letters with subscripts 
designate specific attribute states.) 

Attribute 
Attribute State Definitions 

A edge angle of modified portion 

al less than 4 5° 

a2 46° to 65° 

a3 greater than 66° 

B area of piece when lying flat 

bl less than 3.4 cm2 

b2 3.5 to 8.7 cm2 

b3 8.8 to 17.4 cm^ 

b4 greater than 17.5 cm 2 

C yes/no on cobble (no flakes removed) 

D yes/no on core 

E yes/no on shatter 

F yes/no battering present 
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Table 16. Attribute Definitions of Used-modified Tool Types 

Attributes and Permissible Attribute States 
Type 

Number A B C D E F 

49 a3 b2,b3,b4 yes no no yes, no 

30 ai.a2.a3 b2,b3#b4 no yes no yes 

20 ai bi<b3,b4 no yes no no 

19 a2 b2'b3'b4 no yes no no 

29 a3 b2,b3,b4 no yes no no 

48 ai bl no no no no 

33 al b2 no no no no 

23 al b3 no no no no 

13 al b4 no no no no 

32 a2 b2 no no no no 

22 a2 b , no no no no 

12 a2 b4 no no no no 

31 a3 b2 no no no no 

21 a3 

C
O

 no no no no 

11 a3 b4 no no no no 

37 al b2 no no yes no 

27 al b3 no no yes no 

17 al b4 no no yes no 

36 a2 b2 no no yes no 

26 a2 b3 no no yes no 

16 a2 b4 no no yes no 

35 a3 b2 no no yes no 

25 a3 b3 no no yes no 

15 a3 b4 no no yes no 
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10 

Figure 19. Attribute-based Key for Use-modified Tool Types 



Table 17. Potential Uses of Joint Site Tool Types 

2 3 6  

Type 
Nujnber Potential Uses 

Unifacially Retouched 

73 heavy-duty scraping, shredding (hides, wood, plant material) 

74 medium-duty scraping, shredding (hides, wood, plant material) 

67 heavy-duty scraping, shredding (hides, plant, wood) 

68 medium-duty scraping, shredding (hides, plant, wood) 

69 light-duty scraping, shredding (hides, plant, wood) 

75 heavy-duty scraping, light chopping, digging (earth, hides, 
animal joints) 

76 medium-duty scraping (hides) 

77 shaving, scraping (wood, plant) 

78 shaving, scraping (wood, plant) 

40 shaving, scraping (wood, plant) 

62 shaving, scraping (wood, bone) 

64 heavy-duty chopping, cutting (animal joints, tendons) 

66 incising, grooving (wood) 

63 cutting (bone, wood) 

65 medium-duty scraper (hides, wood) 

61 enlarging holes (wood) 

Bifacially Retouched 

51 cutting (skin, meat, plant) 

52 piercing and killing (large game) 

53 piercing and killing (game) 

54 drilling (wood, sherds) 

55 incising (bone, wood) 

56 heavy-duty cutting (animal joints) 

71 piercing and killing (game) 

44 medium-duty scraping, cutting (meat, plant, wood) 
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Table 17. Potential Uses of Joint Site Tool Types—Continued 

Type 
Number Potential Uses 

Use-modified 

49 hammer (stone) 

30 hammer (chipped and ground stone, bone) 

20 heavy-duty cutting, chopping (animal joints, tendons) 

19 heavy-duty scraping, shaving (wood, bone) 

29 heavy-duty chopping (animal joints) 

48 fine, light-duty cutting (skin, meat, plant fiber, cordage) 

33 fine, light-duty cutting (skin, meat, plant fiber, cordage) 

23 fine, medium-duty cutting (skin, meat, plant fiber, cordage) 

13 fine, heavy-duty cutting (skin, meat, plant fiber, cordage) 

32 light scraping (hides, wood, plant fiber) 

22 medium scraping (hides, wood, plant fiber) 

12 heavy scraping (hides, wood, plant fiber) 

31 light scraping, shredding (hides, wood, plant fiber) 

21 medium scraping, shredding (hides, wood, plant fiber) 

11 heavy-duty scraping, shredding (hides, wood, plant) 

37 fine, light-duty cutting (skin, meat, plant fiber, cordage) 

27 fine, medium-duty cutting (skin, meat, plant fiber, cordage) 

17 fine, heavy-duty cutting (skin, meat, plant fiber, cordage) 

36 light scraping (hides, wood, plant fiber) 

26 medium scraping (hides, wood, plant fiber, cordage) 

16 heavy scraping (hides, wood, plant fiber, cordage) 

35 light scraping, shredding (hides, wood, plant fiber) 

25 medium scraping, shredding (hides, wood, plant fiber) 

15 heavy scraping, shredding (hides, wood, plant fiber) 
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Table 18. Definitions of Attributes and Attribute States of Unmodified 
Chipped-stone Artifacts 

Attribute 
Attribute State Definition 

A yes/no one or two positive bulbs of percussion 

B yes/no three or fewer negative bulbs of percussion 

C yes/no 50% or more of surface is cortex 

D yes/no area of piece when lying flat is less than 3.5 cm 

E yes/no cortex covers at least 70% of one side 

Table 19. Attribute Definitions of Unmodified Chipped-stone Types 

Attributes and Permissible Attribute States 

Type 
Number A B C E F 

2 no no no no no 

3 yes yes no no yes 

4 no yes no yes no 

5 yes yes no yes no 

6 no yes yes no yes, no 

7 no yes no no no 

8 yes yes no no no 
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Minimum Percentage of Recovery of Artifact Types 

Minimum Type Minimum Type Minimum 
Recovery Number Recovery Number Recovery 

80% 30 85% 58 60% 

90 31 95 59 95 

80 32 95 60 95 

75 33 95 61 95 

75 34 — 62 95 

50 35 95 63 95 

90 36 95 64 95 

90 37 95 65 99 

95 38 — 66 99 

95 40 90 67 99 

95 41 — 68 99 

— 42 — 69 95 

95 43 — 70 — 

95 44 99 71 99 

95 45 — 72 95 

— 
46 — 73 99 

90 47 - - 74 99 

90 48 85 75 99 

99 49 60 76 99 

99 50 95 77 99 

99 51 99 78 95 

— 52 99 

99 53 85 

99 54 85 

99 55 95 

— 56 95 

90 57 30 
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1. What is the maximum percentage of wrongly classified artifacts? 

In other words, if every ambiguous item were placed in the 

wrong category, this percentage of misassigned pieces would 

result. 

2. Artifacts of which other types are likely to have been included 

in this category? 

3. In what order of importance are these misassigned artifacts? 

Table 21 lists the results of this exercise in introspection. For each 

type, 1-80, a percentage is listed corresponding to the maximum number 

of misassigned items in the category. The numbers of one or more arti

fact categories follow the percentage error. Artifacts from these classes 

contaminate the one of interest in decreasing frequency. Examples of 

some of the chipped-stone tool types are illustrated in Figs. 21-24. 

Conclusion 

General questions concerning artifact variability and several 

kinds of inferences have been explored in preparation for the analysis 

of chipped stone from the Joint Site. First, the nature of time-space 

inferences has been discussed. In addition, problems of inferring ethnic 

or other social unit boundaries received attention. Next, a general tech

nological correlate was presented which models the form taken by 

behavioral-material correlates. Inferences of tool use and tool manufac

ture are related to this correlate form. This general correlate can be 

usefully applied to evaluate the form of more specific correlates and to 

design experimental studies. 
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Maximum Misassignment Errors of Chipped-stone Artifact 
Types 

Percentage 
Error Contaminating Artifact Types 

25% 80, 4 

10 7, 56 

20 80, 23, 33, 22, 32, 8 

1 0  5 , 7  

10 33, 48, 8 

25 80, 2 

20 37, 36, 26, 27, 2, 15, 16, 17, 25, 35 

20 33, 32, 23, 22, 11, 12, 13, 21, 22, 3 

10 8, 21, 12 

10 8, 22, 11, 13 

10 8, 23, 12 

10 7, 25, 16 

10 7, 26, 15, 17 

10 7, 27, 16 

5 2, 29, 20 

5 2, 19 

10 8, 31, 11, 22 

10 8, 32, 12, 21, 23, 3 

10 8, 33, 13, 22, 3 
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29 

30 

31 

32 

33 

34 

35 

36 

37 

38 

40 

41 

42 

43 

44 

45 

46 

Maximum Misassignment Errors—Continued 

Percentage 
Error Contaminating Artifact Types 

10% 7, 35, 15, 26 

10 7, 36, 16, 27, 25 

10 7, 37, 17, 26 

5 2, 19 

5 6 

10 8, 21, 32 

10 8, 22, 31, 33, 3 

15 8, 23, 32, 5, 48, 3 

10 7, 25, 36 

10 7, 26, 35, 37 

10 7, 27, 36 

25 2, 20, 19, 29 

5 1  
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6 1  

6 2  
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66  

67 

68 

69 
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Maximum Misassignment Errors—Continued 

Percentage 
Error Contaminating Artifact Types 

25% 

CO CO 00 

5 80 

10 59 

15 44 

10 51, 54 

0 

10 53, 52, 55 

20 54, 7, 4 

15 2, 29 

0 

0 

10 44, 52 

15 51, 44, 53 

50 7, 8, 54 

20 68, 69, 67 

15 33, 23 

15 75, 76, 8 

40 31, 21, 69, 68 

15 55 

5 68, 73 

5 67, 69, 73, 74 

5 68, 74 



Table 21. Maximum Misassignment Errors—Continued 
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Type Percentage 
Number Error Contaminating Artifact Types 

71 5% 52 

72 10 60, 50, 59 

73 15 11, 12, 13, 74 

74 15 21, 22, 23, 31, 32, 33, 73 

75 10 64, 78, 76 

76 19 75, 77 

77 50 8, 78 

78 30 8, 77 
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Figure 21. Use-modified Chipped-stone Flakes 

A. Type 23, chert; B. Type 23, quartzite; C. Type 21, chert; 
D. Type 12, chert; E. Type 33, chert; F. Type 33, chert; G. Type 4 8, 
chert. D and E are flakes from tangerine core. Height of letters is 1 cm. 



Figure 22. Use-modified Chipped Stone 

A. Type 25, chert; B. Type 35, chert; C. Type 37, chert; 
D. Type 26, chalcedony; E. Type 37, chert; F. Type 23, quartzite; 
G. Type 37, quartzite. Height of letters is 1 cm. 
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Figure 23. Unifacially Retouched Tools 

A. Type 63, chalcedony; B. Type 74, chert; C. Type 66, 
chert; D. Type 76, chert; E. Type 77, chert; F. Type 68, chert; 
G. Type 78, chert. Height of letters is 1 cm. 
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Figure 24 . Bifacially Retouched Tools 

A. Type 56, chert; B. Type 51, chert; C. Type 44, chal
cedony; D. Type 53, chert; E. Type 53, chert; F. Type 71, quartzite; 
G. Type 52, chert; H. Type 60, chert. Height of letters is 1 cm. 
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A classificatory system was constructed for use on the chipped-

stone assemblage from the Joint Site. This system provides measures of 

the variables relating to stage of manufacture, potential use, and raw 

material. It is this set of categories, and combinations of them, which 

are to be used in the transformations of secondary refuse. 



CHAPTER 10 

THE SYSTEMIC CONTEXT OF CHIPPED STONE 
FROM THE JOINT SITE 

The purpose of this chapter is to determine, insofar as possible, 

aspects of the systemic context of the Joint Site chipped stone. Specifi

cally, I aim to learn (1) where various activities, such as manufacture 

and use, took place; (2) in what activities chipped-stone artifacts were 

used; and (3) what, if any, differential treatment was accorded to vari

ous raw materials and tools made of these materials. To answer these 

questions and more specific ones derived from them, the spatial and 

quantitative transformation procedures devised in Chapter 7 are em

ployed. To identify locations of use and elements of the same activity 

set, I employ the factor analytic transformation based on multiple secon

dary refuse areas. Other transformations are called upon as needed. In 

attempting to assess the probability that relevant analytic units have 

been isolated at the Joint Site, a discussion of provenience is undertaken 

which is then used to interpret the results of applying Reid's (1973; Reid 

and Shimada n.d.) measure of relative room abandonment. 

The Identification of Refuse Types 

The Relative Room Abandonment Measure 

The major transformation to be applied in the pursuit of activity 

sets operates entirely on secondary refuse. The identification c-

transforms used to recognize secondary refuse areas were simple and 

straightforward. Deposits of secondary refuse in simple cultural systems 
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possess the following properties: (1) predominantly wornout, broken, or 

otherwise unusable materials, (2) a high diversity of materials (Haury 

1936:56), and (3) a high relative density of materials. In most cases, 

the informal application of these criteria and judgments based on field 

observations and notes provided unambiguous assignments of deposits 

to the category of secondary refuse. Although the principal transforma

tion procedures apply to secondary refuse, it should be possible to test 

a number of the activity and locational hypotheses on de facto and pri

mary refuse. Identification of these latter refuse types in the field was 

not done during the excavation of the Joint Site, making more difficult 

the task of segregating meaningful analytic units based on the refuse 

types within various areas of rooms. 

In order to determine the nature of refuse within rooms, a new 

transformation, based on Reid's (1973; Reid and Shimada n.d.) measure 

of relative room abandonment was used. If one assumes that every room 

follows approximately the same life cycle, while other rooms are still 

occupied, namely, use, abandonment, usable materials removed by 

scavenging, and, finally, use as a dump, one can predict that late 

abandoned rooms containing de facto refuse will have a low density of 

sherds in the fill and a high number of whole pots on the floor. Rooms 

containing mostly secondary refuse and abandoned early will have a 

high density of fill sherds and a low number of whole pots on the floor. 

I cannot apply the measure exactly as designed to the Joint 

Site, because we did not attempt to reconstruct whole vessels. In some 

cases, the pottery recording sheets (compiled by David Gregory in 1970 

and John Hanson in 1971) contain some notations about reconstructable 
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vessels, but these data are uneven. It should be possible, however, to 

use total floor sherds, rather than whole vessel counts, as an indicator 

of de facto refuse and to examine the reconstructable vessel estimates 

as confirmatory data. Total sherd frequencies of all "floor" proveniences 

(defined as the artifacts found resting directly on the archaeological con

text floor) were divided by the room area to standardize the measure for 

variability in room size. Total sherds from the "fill" provenience (de

fined as all materials above the archaeological context floor) were deter

mined and the sherd densities for each room calculated. In Table 22, 

these data are presented. 

Figure 25 is a scattergram of rooms plotted against the axes of 

fill sherd and floor sherd densities. By inspection, it would appear that 

three distinct clusters are present, which can be interpreted in terms of 

the refuse composition of rooms. An attempt was made by Morgan Tamplin 

to derive these clusters with the aid of a BCTRY cluster analysis. For 

reasons described by Reid (1973), this attempt was unsuccessful. There 

are also a number of anomalies which required further explanation. 

Cluster 1, with high fill density and low floor density, is com

posed of Rooms 1, 5, 7, 11, 17, and 34. Rooms 1, 5, 7, 11, and 17 

are clearly dumps, as determined also by the earlier transformations. 

Room 34 falls within this cluster, although it is known from stratigraphic 

evidence that the sherds in the fill of this room overlie the remains of 

the roof and once rested upon it. Because these materials were not 

dumped into the room, Room 34 does not really belong in the cluster and 

might be better considered as a member of Cluster 2. The rooms in Clus

ter 1 were the first to be abandoned. 
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Table 22. Data for the Relative Room Abandonment Measure 

Room Whole Floor Fill 
Room Floor Fill Area Pots on Sherds Sherds 

Number Sherds Sherds (in m2) Floor per m2 per m2 

1 0 1046 4.9 0 0 213.4 

2 6 154 5.5 0 1.1 28.0 

3 1 85 6.1 0 .6 13.9 

5 37 2097 6.8 0 5.4 308.3 

7 21 1435 11.1 0 1.9 129.2 

8 25 195 16.3 0 1.5 11.9 

9 4 94 3.9 0 1.0 24.1 

10 121 545 14.7 3 8.2 37.1 

11 0 979 6.7 0 0 146.1 

12 3 267 6.7 0 .5 39.8 

14 46 138 7.2 0 6.4 19.1 

15 222 2127 29.2 1+ 7.6 72.9 

17 0 3396 6.5 0 0 522.5 

20  1 134 3.9 0 .3 34.3 

21 67 217 7.1 3 9.4 30.5 

23 95 1020 10.2 0 9.3 100.0 

24 0 173 9.1 0 0 19.0 

25 5 38 3.3 0 1.5 11.5 

27 67 241 7.1 1 9.4 33.9 

28 73 597 7.2 0 10.1 82.9 

29 234 986 16.5 0 14.2 59.8 

31 361 1462 13.2 4+ 27.3 110.7 

32 0 122 4.4 0 0 27.7 

34 9 953 10.7 0 ,8 89.1 



900 -

400 -

Z 
o 
o c 
k. O 300 -

Cluster I > 
i-
</> 
z 
UJ a 
a 
a: 
ui 200 -
x 
CO 

100 -
Cluster 3 

IS 20 25 30 5 10 
meter 

SHERD DENSITY OF ROOM FLOORS 

Figure 25. The Clustering of Rooms at the Joint Site on the Basis of the Relative 
Abandonment Measure S 



256 

Rooms falling within the second cluster (Rooms 2, 3, 8, 9, 12, 

20, 24, 25, and 32) contain a low density of both floor and fill sherds. 

A strict interpretation by the abandonment measure is that because these 

rooms contain little of each refuse type, they were abandoned after rooms 

in Cluster 1 but before those in Cluster 3. A number of anomalous cases 

suggest that the solution is not so simple. In the first place, the mea

sure assumes that during a room's systemic context it had a likelihood 

of containing pots, the quantity depending only on room size. Clearly, 

gross differences in the activities performed within a room have an effect 

on the artifacts used there, of which some may become de facto refuse. 

Based on Hill's (1970b) study of space utilization at Broken K, one would 

expect the small rooms, used for storage, to contain little in the way of 

de facto refuse pots. 

The effects of differentiation in room activities is discernible in 

Cluster 2, which contains all storage rooms that were not used later as 

dumps (Rooms 3, 9, 20, 25, and 32), except Room 27. Also in this clus

ter is Room 2, containing a small amount of secondary refuse on the 

floor, probably deposited there at the same time as the refuse in the fill 

of Room 1 (Hanson and Schiffer n.d.). It should be apparent that rooms 

which contain small quantities of secondary refuse and rooms which are 

functionally different must be treated differently in the interpretation of 

the room clusters. Most of these storerooms were probably abandoned 

late, and one, Room 32, even contained burned maize on the floor, 

probably as de facto refuse. This finding makes it likely that other 

storerooms also contain primary and de facto floor refuse (other than 

pottery) which may be useful for testing behavioral hypotheses about 
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the Joint Site chipped stone. The remaining rooms in Cluster 2 probably 

form a set abandoned at an intermediate time between the rooms of 

Cluster 1 and Cluster 3. 

The last cluster, Cluster 3, is made up of Rooms 10, 14, 15, 

21, 23, 27, 28, and 29. These rooms, presumably abandoned late, 

contain a high density of floor sherds and a low density of fill sherds. 

All rooms in Cluster 3 were last used for habitation functions, with the 

exception of Rooms 27 and 29. Examination of Table 22 reveals that 

several of these rooms (Rooms 10, 15, 27, and 31) contain restorable 

vessels, tending to confirm their placement in the late abandonment 

cluster. Again, however, there are several anomalies. Although Room 

31 falls within this cluster, it has an inordinately high fill density, 

comparable to Room 7 in Cluster 1. The explanation of this anomaly re

lates to the kinds of provenience units defined at the Joint Site. In the 

case of Room 31, sherds from the same de facto refuse floor pots were 

encountered in the sand level above the floor and recorded within the 

arbitrary levels C and B of the fill. In this case, sherds from a vessel 

that may have been intact at room abandonment were counted in different 

proveniences and used as measures of different kinds of refuse (secon

dary and de facto). 

Resolving this paradox raises a larger issue that is worth dis

cussing at some length. This concerns the relationship between one's 

analytic units, such as refuse types, and one's observational units 

(proveniences and their contents). Raising this issue allows further 

discussion of the vagaries in the use of the abandonment measure and 
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leads to an evaluation of the likelihood that proper analytic units are 

definable at the Joint Site. 

Analytic Units and Provenience Designation 

In considering the problem of how to isolate relevant units of 

analysis at the Joint Site, I have been led to rethink the concept of pro

venience, along lines pioneered (in an explicit fashion ) by Wilcox 

(n.d.a; n.d.b). Provenience is usually thought of as the spatial loca

tion of archaeological remains. In a sense, every item present in the 

archaeological structure has a unique provenience defined in terms of 

Euclidean three-dimensional space. In the field, however, it would be 

impractical to record the location of every artifact to, say, within 1 mm. 

And even if it were possible to do so, such unique provenience units 

would lend themselves to few analyses, except in terms of archaeolog

ical context distributions. To overcome this problem, archaeologists 

have devised other units of provenience, such as layers, levels, sec

tions, and features. These more general units serve to summarize a set 

of locations in which archaeological remains are found and to which 

these items are referred in one's analysis. A provenience, then, desig

nates a set of materials which are related to one another on the basis of 

analytic criteria. 

In the past, there has been some discussion about the use of 

"natural" versus "arbitrary" levels and proveniences (Drucker 1972), The 

term "natural level" is most often applied in Europe and the Near East, 

where it refers to a major episode of cultural deposition. These major 

units of cultural deposition are often identifiable as a result of the 
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contrasting interstratification of various noncultural deposits. The iden

tification of such units, dependent on sorting out cultural from noncul

tural formation processes, is not always a simple matter (Tamplin 1969). 

A single component site in North American or elsewhere does not have 

this kind of natural stratification, because, by definition, it was laid 

down during a single occupation. As a result, when Near Eastern archae

ologists, such as Wheeler (1956), complain about the use of arbitrary 

levels in American archaeology, they have mixed analytical levels of 

stratification. The stratification which occurs in the major mounds of 

the Near East is not found in single component sites (Drucker 1972). 

Nevertheless, in single component sites, stratification—albeit 

fine grained—is frequently present. Often this stratification is consid

ered to be quite minor—but only to the archaeologist not requiring the 

data from such units. Take, for instance, a room in a Pueblo III village. 

If this room had been used as a dump, one can usually detect lenses of 

ash and other strata. Stratification, even in a small refuse area, may be 

extremely complex. These dumps are usually excavated and recorded by 

means of arbitrary levels and provenience units, which overwhelm or 

crosscut the natural strata. When the problem is to identify the major 

changes in artifact types that took place during the occupation of a site, 

these techniques are justifiable, because most of these small deposi-

tional units were laid down rapidly and a succession of them rarely re

veals typological changes. The recording of materials within these 

dumps by relatively small, almost synchronous provenience units would 

not solve the problem of chronology any better than the arbitrary strata 

presently used for the purpose. 
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If an archaeologist were to ask other questions, then different 

units of analysis might be required and proveniences would need to be 

discriminated at a different level. For example, if one were interested 

in individual discard episodes—the items discarded together at the 

same time—then one would strive to identify, if possible, proveniences 

that correspond to micro-stratigraphic variations. The identification of 

provenience units at this level would entail many practical problems of 

excavation; but in the field, micro-stratigraphic variations that could 

inform on actual discard episodes are often perceivable, as in Room 5 

at the Joint Site. For some problems, it might be crucial to record re

mains in this way. 

Provenience units and profiles are simply models of a very com

plex reality. There is always much more variability of cultural and non-

cultural material in the archaeological structure than is portrayed in the 

model. How much control one exercises in designating proveniences 

and recording remains at a site (assuming time and labor are constant) 

depends on the analytic units one needs to answer his systemic context 

questions. No method of provenience delineation is intrinsically better 

or worse than any other, except in reference to one's required analytic 

units. 

Because my major analytic units at the Joint Site are secondary 

refuse does not demand, however, that I treat every secondary refuse 

area as a single provenience. Archaeologists still have the responsibil

ity to exercise as much control in recording remains as possible—if only 

because they are a scarce natural resource. At the joint site, we exca

vated in arbitrary levels, varying in thickness from 10 to 20 cm. To 
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facilitate recombining provenience units into analytic units, suspected 

secondary refuse deposits were assigned unique numbers. In addition to 

midden numbers, all provenience units were given preliminary designa

tions of refuse type. This information, along with other information, 

such as room number, room size class, and provenience type, provide 

a means by which arbitrarily defined proveniences can be grouped into 

various analytic units, such as discrete secondary refuse deposits with

in room fill or suspected de facto floor refuse in large rooms. A number 

of computer programs make this information readily accessible. These 

programs, the raw data, and the summary data will be placed on file in 

the Arizona State Museum Library. 

In coding these data according to provenience type and refuse 

type, serious problems emerged that illustrate the difficulty of using 

data which, although I gathered it, is inadequate for certain kinds of 

analyses. This results from our insufficient attention in the field to the 

problems of defining proveniences relevant to analytic units, which were 

not firmly in mind at the time. I now give several examples of this prob

lem, couched in more general terms, to illustrate (1) the need for prior 

consideration of anticipated analytic units in terms of which proveniences 

must be referrable, and (2) that the definition of such units requires the 

creative application of stratigraphic and non-stratigraphic transformation 

procedures in a continuous hypothesis-testing, multiphase program of 

field research (see Wilcox n.d.a, n.d.b). 

Suppose one is interested in comparing the artifacts in several 

systemic context analytic units within pueblo rooms. Three kinds of units 

are taken as examples. In the first place, refuse deposited on the floor 
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while the room was in use, refuse in wall niches, and refuse hanging 

from the rafters are of interest. The refuse may be primary or de facto. 

The second unit of concern is the refuse deposited in the room after 

abandonment. The third unit consists of the materials that were depos

ited on the roof. These units are "provenience types," which may be 

related through various transformations to refuse types. A provenience 

type, such as "roof artifacts," is a culturally deposited assemblage of 

suspected analytic utility. 

To illustrate some of the problems of identifying provenience 

types, let us now invoke plausible cultural and noncultural formation 

processes and transform the hypothetical room and the various systemic 

proveniences into archaeological remains (see Beeson 1957). After the 

room is abandoned, additional refuse accumulates. The first secondary 

refuse may be expected to land on the floor. Between events of secon

dary refuse discard, aeolian sand is also deposited. The next major 

event is the deterioration of the roof, which collapses, mixing materials 

from the wall niches and roof. If the roof collapses in this manner, many 

items will come into contact with the last deposited artifacts of secon

dary refuse. The walls fall in and sand deposition continues on the 

rubble until weedy plants begin the formation of a soil horizon. 

When a room formed under these conditions is examined in the 

archaeological record, certain major natural strata are detectable. Roof 

clay and wall stones (CWS) are often found in a distinct layer. There 

may be a level of aeolian sand between the secondary refuse and the 

overlying wall-roof material. The CWS layer and the aeolian sand layer 

both contain artifacts. Continuing downward, one encounters the 
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secondary refuse deposit and finally the floor. How can one interpret 

this archaeological structure in order to arrive at the provenience types 

and systemic context analytic units of interest? This is naturally a diffi

cult problem, despite the obvious stratification. The "floor" in the ar

chaeological context (the provenience floor and what rests directly upon 

it) is not equivalent to the provenience type " floor" containing primary 

and de facto refuse. The archaeological context floor contains several 

provenience and refuse types, mixing systemic context analytic units. 

The archaeological context provenience "fill" is made up of 

secondary refuse introduced after room abandonment and refuse that was 

on the roof as well as material contained in the roof and in the walls. 

Archaeological context proveniences like "fill" mix provenience types 

and thus mix analytic units of the systemic context. Stratigraphic solu

tions may, in some cases, allow the recognition of what was once on 

the roof. Roof materials are sometimes contained within the CWS de

posit and occasionally overlie the observable remnants of the roof beams, 

as in Room 34 of the Joint Site. But, in general, roof refuse or other 

provenience types may be very difficult to identify. This is so because 

there are not likely to be many straightforward stratigraphic solutions. 

And further, there are no simple equivalences between systemic context 

analytic units and archaeological proveniences. Artifacts in the same 

observational unit (in archaeological context) were not necessarily in 

the same depositional unit. And conversely, artifacts in the same depo-

sitional unit are not necessarily contained within the same observational 

unit. Floor is not equal to floor, and fill is not equal to trash or roof. 
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Another example can be used to indicate the seriousness of the 

problem and point the way to solutions that may be used under some cir

cumstances. Let us take a room that was abandoned with various whole 

pots resting on the floor. After abandonment, sand began to accumulate 

around this de facto refuse and then the roof fell in, bringing with it 

some wall stones and breaking the pots. This can be observed in the 

archaeological context. A number of sherds from the same pot, some of 

which rest on the floor, are encountered as one trowels down, while 

other sherds, some from the roof, are mixed within the sandy level, and 

all of these come to be overlain by a CWS layer. What class of locations 

would one want to delineate in the archaeological context which corres

pond to the provenience type " floor (de facto) refuse" ? There are three 

solutions to this problem. 

The first solution is to allow "floor" (the analytic unit) to equal 

the assemblage on the archaeological floor plus whatever is contained in 

an arbitrary level some designated distance (usually 10 cm) above it. In 

this solution, one would have sliced the pots in two: some sherds are 

placed in the floor provenience also containing drift material in the sand, 

while other parts of the pot are in the next level above, corresponding to 

some kind of a "fill" unit. If the "floor plus 10 cm above" provenience 

was applied to rooms containing secondary refuse, as it all too frequent

ly is, one would be cutting into the secondary refuse deposit and group

ing those materials with whatever refuse might have originally rested on 

the floor. 

The second solution is to have floor equal to floor alone; only 

the materials actually resting on the archaeological context "floor," are 
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included in this unit. When this solution is followed, the base sherds 

of the de facto refuse pots are placed within the analytic unit "floor," 

while the remaining sherds are counted within the "fill." Certainly, 

this solution, which was applied at the Joint Site, is also unsatisfac

tory. Materials of relevant analytic units are again either mixed or in

appropriately divided. 

Another solution, more consistent with the aim of providing 

meaningful analytic units, can be described. In order to derive (de 

facto) floor refuse or any units of interest, one applies a hypothesis-

testing feedback technique of excavation and transformation. As one 

encounters a number of sherds that are demonstrated to be from the 

same pot, one might entertain the hypothesis that parts of a de facto 

refuse vessel have been discovered. One then sets aside these sherds 

and attempts to test the hypothesis. If the base sherds of this pot are 

found on the floor, then the hypothesis receives strong support. These 

latter sherds and the ones found earlier can be safely lumped into the 

provenience type "floor." Artifacts within the sand matrix surrounding 

the sherds would be in a different provenience, perhaps one correspond

ing to materials left on the roof. If the base sherds are not found or are 

not found on the floor, then other explanations for this material should 

be considered and proveniences defined accordingly. 

Archaeological proveniences related to units of analysis can 

be achieved by applying in the field appropriate transformations in the 

absence of notions that provenience units must be horizontal, be of uni

form volume or depth (unless that is important to one's systemic context 

interest), be mutually exclusive and exhaustive, or correspond to major 
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strata produced by noncultural formation processes. Stratigraphy needs 

to be applied in new creative ways in order to partition out the effects 

of cultural and noncultural formation processes. These problems were 

not really raised or resolved during the excavation of the Joint Site. As 

a consequence, I have had to pore over the site notes trying to determine 

the probable analytic category of each provenience. This situation can 

be avoided by fieldwork oriented toward proposing and testing alterna

tive hypotheses that account for what is observed in terms of cultural 

and noncultural formation processes. As Wilcox has informed me on a 

number of occasions, "the crucial question is, how did these materials 

get here? " Answers to this question require the use of in-field transfor

mation procedures to delineate proveniences that are relevant to one's 

systemic context questions and analytic units. 

One by-product of this view of provenience determination is 

that field work is not just manual labor. An archaeologist does not simply 

hire unskilled workers and expect them to "gather" or "collect" the data 

as if they were harvesting cherries or rhubarb. Fieldwork, conducted to 

acquire meaningful data for answering systemic context questions, is a 

complex process involving knowledge of various kinds of transformation 

procedures and the ability to apply these in a multiple working hypothe

sis framework to account for the observations in the archaeological con

text (Reid 1973). One must keep firmly in mind at all times the analytic 

units toward whose definition the fieldwork is directed. A good field 

archaeologist has manual dexterity, to be sure, but such an individual 

also possesses an enormous body of proven transformation procedures 

and the ability to apply them flexibly and rapidly in the field. The view that 
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fieldwork is a technical activity that can be separated from systemic 

context concerns (Rouse 1972a) should be discouraged—not only be

cause it can lead to a caste system in the discipline but also because 

it is based on erroneous notions about the nature of data retrieval in 

archaeology. 

Stratigraphy alone cannot solve the problems of defining mean

ingful proveniences. In the cases where archaeological provenience 

units crosscut different deposits, mixed proveniences will have to be 

designated. For example, in a room with secondary refuse on the floor, 

it is not yet possible to distinguish stratigraphically between the orig

inal floor materials and those deposited later as secondary refuse—un

less whole vessels of de facto refuse are present. Such proveniences 

are therefore mixed. By pushing present transformation procedures to 

their operational limits and developing others, hopefully for in-field 

use, we will gradually acquire a broad body of principles and techniques 

for identifying relevant analytic units. 

Refuse Types at the Joint Site 

I now return to the measure of relative abandonment as it is 

applied to rooms! at the Joint Site and attempt to assess the extent to 

which relevant proveniences and refuse types have been isolated. The 

results of applying the relative abandonment measure to pottery were 

employed in identifying an already defined provenience unit as one or 

another refuse type. For reasons just discussed, it is clear that sherds 

from the provenience "fill" may contain not only secondary room refuse 

but also roof refuse of various types and de facto floor refuse. Also, 
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"floor" may contain a variety of refuse types, derived from several inde

pendent cultural deposits. The mixing of analytic levels is clearly 

illustrated in Room 34, where arbitrary "fill" proveniences consist 

almost entirely of roof refuse and material carried in through the opera

tion of noncultural formation processes. Similarly, Room 32 because of 

very late abandonment should contain no secondary refuse. The fill 

sherds of this room consist, then, entirely of roof materials. 

If the refuse on the entire pueblo roof was not differentially 

distributed in terms of gross quantity, then the relative abandonment 

measure is unaffected, because the fill density of all rooms is increased 

by a factor proportional, or nearly proportional, to room area. Although 

Wilcox (n.d.b) believes that the materials on the roof of the pueblo were 

concentrated above Rooms 31, 7, 8, 10, 11, 9, 15, 21, 23, and 24, one 

must still acount for the materials contained in the fill of rooms which 

Wilcox (n.d.b) also believes were abandoned late (Rooms 32, 3, and 

25). Returning to Table 22, one observes that the fill density of sherds 

in these rooms is low, but it is not out of line with the fill of other 

rooms, such as Rooms 8, 9, and 24, which did not contain secondary 

refuse and are believed to have had roof artifact assemblages. The 

simplest way to account for these observations is to hypothesize that 

refuse of undetermined types occurred on all roofs. 

Accepting this interpretation of the nature of the refuse con

tained within the fill of these rooms leads to a set of procedures for 

categorizing the proveniences in which chipped stone is found. In rooms 

containing no clear-cut secondary refuse deposits in their fills (all but 

Rooms 1, 2, 5, 7, 11, and 17), all chipped stone contained in levels 
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above the floor is considered to have been on the roof and they are of 

mixed or undetermined refuse type (primary, secondary, de facto). Al

though all chipped stone lying directly on the floor of these rooms was 

labelled as primary or de facto floor refuse, the possibility that some 

of these materials were once on the roof cannot be excluded. These 

units are mixed. 

The rooms containing secondary refuse in the fill were treated 

differently. The probable roof assemblage of undetermined refuse type 

was taken to include all chipped stone in the low artifact density pro

veniences that overlay the major secondary refuse deposit. Where even 

these subjective judgments became uncomfortable, the label "mixed roof 

and trash fill" was applied. The trash fill of these rooms was assumed 

to correspond to the high density levels above floor. The artifacts from 

the floor were considered to be possible primary and de facto refuse 

units. That these also contain the first discards of secondary refuse 

from the fill and are mixed is readily conceded. 

The criteria thus enumerated were applied as consistently as 

possible when designating a particular provenience as "roof" or "floor" 

or "trash fill." It is these units crosscut by tentative assignments as 

to refuse type that form the basis for analyzing the chipped stone. Ma

terials within proveniences from the sample squares were also labelled 

by refuse type. For the most part, these transformations are considered 

to be fairly reliable where secondary refuse is concerned. It is possible 

that some primary refuse was uncovered in samples squares. Sample 

squares located at the north and west margins of the site often contained 

small amounts of material, usually of low variety. Such units were 
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labelled as primary refuse. It is likely that some of this material simply 

washed down from secondary refuse areas. 

Before proceeding to the transformation of secondary refuse, I 

will attempt to determine if raw materials were used differentially. The 

findings of these preliminary studies are to be used in making decisions 

about what chipped-stone types should be included in the secondary 

refuse transformation. 

Differential Use of Raw Materials 

Hypothesis 1 

In Chapter 9 I suggested the hypothesis that materials that are 

costlier in terms of procurement effort are used more economically than 

the accessible, inexpensive materials. If raw materials are used more 

economically then they may be used more intensively. This will be 

evidenced in the ratio of utilized edges to utilized pieces. With more 

intensive use, a higher index is obtained. The values for chert, chal

cedony, and quartzite should vary, with chalcedony, the rarer material, 

having the highest use-intensity index value. In testing this hypothesis, 

site totals for all types were examined. These data are presented in 

Tables 23, 24, and 25. The composite data on which the indices were 

based and the index values themselves are presented in Table 26. The 

results provide an impressive confirmation of the differential use hypoth

esis. In terms of flakes, shatter, and total for both, the use-intensity 

index of chalcedony is considerably higher than for chert or quartzite. A 

chi-square test of the raw proportions is significant (p < .05). 
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Type Count Type Count Type Count Type Count 

1 5092 25 139 48 109 71 3 

2 411 26 118 49 16 72 4 

3 795 27 93 50 2 73 24 

4 7077 28 300 51 2 74 187 

5 1652 29 14 52 1 75 26 

6 93 30 81 53 23 76 63 

7 2752 31 349 54 4 77 15 

8 1105 32 722 55 38 78 49 

11 71 33 2357 56 15 

12 75 34 2833 57 9 

13 74 35 361 58 4 

14 168 36 421 59 9 

15 21 37 832 60 7 

16 8 38 1489 61 6 

17 3 40 2 62 17 

18 30 41 523 63 23 

19 39 42 1008 64 8 

20 1 43 2614 65 9 

21 279 44 2 66 42 

22 526 45 460 67 9 

23 737 46 478 68 46 

24 1198 47 860 69 38 
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Type Count Type Count Type Count Type Count 

1 333 25 20 48 1 70 0 

2 14 26 32 49 59 71 0 

3 71 27 25 50 0 72 0 

4 607 28 70 51 0 73 4 

5 57 29 10 52 0 74 12 

6 4 30 86 53 0 75 0 

7 482 31 8 54 0 76 4 

8 86 32 49 55 0 77 0 

11 29 33 150 56 4 78 2 

12 50 34 188 57 0 

13 29 35 14 58 0 

14 82 36 34 59 0 

15 7 37 106 60 0 

16 8 38 149 61 0 

17 2 40 0 62 1 

18 21 41 43 63 3 

19 4 42 135 64 2 

20 0 43 253 65 1 

21 20 44 0 66 0 

22 74 45 33 67 0 

23 106 46 64 68 5 

24 164 47 130 69 0 
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Type Count Type Count Type Count Type Count 

1 0 25 19 48 38 70 1 

2 19 26 18 49 0 71 1 

3 19 27 8 50 2 72 3 

4 387 28 37 51 2 73 0 

5 116 29 5 52 1 74 21 

6 0 30 8 53 14 75 2 

7 143 31 15 54 1 76 2 

8 30 32 54 55 7 77 2 

11 7 33 141 56 0 78 7 

12 8 34 154 57 5 

13 7 35 31 58 1 

14 12 36 27 59 4 

15 0 37 63 60 3 

16 1 38 101 61 2 

17 0 40 0 62 1 

18 1 41 18 63 14 

19 4 42 46 64 0 

20 0 43 148 65 0 

21 11 44 2 66 0 

22 21 45 40 67 1 

23 46 46 34 68 2 

24 47 47 63 69 1 
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Hypothesis 2 

Earlier in this study, I discussed the variation in chipping 

properties of the three raw material types used at the Joint Site. If these 

differences were marked enough to affect the suitability of a material for 

use as one or another tool type, then this should be directly reflected in 

the proportions of raw materials used for each type. Before testing this 

hypothesis, it should be remembered that the raw material types dis

cerned are only a coarse measure of the underlying variables of interest— 

flaking and use qualities. Fine-grained quartzite did occur, and granular 

chert was abundant. Chalcedony, however, was of consistently high 

quality. 

To examine the differential use hypothesis, a series of chi-

square tests was run. The raw counts of each material for a type were 

used as the observed values. The expected values were computed by 

multiplying the total tools of a type by the percentage of each raw materi

al used in all tools at the site. The latter frequencies do not include 

fire-cracked rock (Type 1) or unutilized chipped stone (Types 2-8). At 

the Joint Site, the following percentages of raw materials occur as tools: 

chert 83.47% 

quartzite 10.43% 

chalcedony 6.10%. 

These percentages were calculated on the basis of the data presented in 

Table 23. 

Chi-square tests were only computed when the total frequency 

of a tool type exceeded 50. This requirement was met by 34 types. Of 

these, 28 tests were found to be significant at the .05 level or less. 
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Before these results are interpreted further, a word of caution is in order. 

When large raw frequencies on the order of several hundred are dealt with, 

as is the case for many of the types examined, a statistically significant 

pattern can be generated by relatively minor differences in the percent

age of raw materials. Thus, what is statistically significant may not be 

behaviorally significant. To reduce the importance of this factor, the 

following procedure was employed to extract behavioral significance from 

statistical significance. In all cases of statistically demonstrated pat

terning, the contribution of each raw material to the chi-square value 

was examined. If (E-O) Vo was greater than 3.0, then that raw materi

al was being preferred or not preferred for the manufacture of that type, 

depending on whether the observed frequency (O) was greater or less 

than the expected (E). Also calculated were composite tool categories 

based on the frequencies of two or more types. In Table 2 7 the results 

of these determinations are presented. I now believe that a value higher 

than 3.0 should have been used. 

Close examination of Table 2 7 reveals a number of general 

patterns of raw material usage. There is a tendency for larger tools, 

such as large utilized flakes and shatter, to be made from quartzite. 

Quartzite also seems to have been less amenable to fine flaking of one 

sort or another. It was used only rarely for bifacial tools and was almost 

never retouched. Chalcedony, on the other hand, was highly favored for 

use in bifacially retouched tools, especially the small triangular "pro

jectile points." Chert and chalcedony are the most generalized materials 

in the sense that they seem to have been appropriate for almost all tool 

types. As might be expected, when bifacial flaking or small tool 
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Table 27. Differential Use of Raw Materials at the Joint Site 

Preferred Not Preferred 

Chert 31 11 28 
33 12 30 
34 13 49 
43 14 18 + 14 
All bifaces (except 56) 18 
34 + 38 26 

Quartzite 11 21 74 
12 31 All bifaces 
13 32 (except 56) 
14 33 34 + 38 
18 34 41 + 45 
26 35 43 + 47 
27 36 78 
28 38 
30 41 
49 43 
18 + 14 45 
24 + 28 48 

Chalcedony 25 22 
26 24 
28 34 
48 41 
74 42 
All bifaces (except 56) 43 

49 
24 + 28 
34 + 38 
42 + 46 
43 + 47 
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manufacture was anticipated, the Joint Site artisans were more selective 

in the materials they used, preferring chert and especially chalcedony. 

On the other hand, when heavy-duty butchering or battering was antici

pated, quartzite, a material less likely to shatter or fracture while under 

heavy stress, was more often used. 

When one considers the assemblage taken as a whole, however, 

it is seen that most of the commonest tool types—the small- and medium-

size utilized flakes and shatter—were made of all raw materials. Al

though there is some variation, it seems that for generalized cutting, 

scraping, and shredding tasks, all raw materials were suitable. These 

usage patterns accord well with the "opportunistic" technology em

ployed at the Joint Site. Nevertheless, a number of behaviorally signif

icant patterns of differential raw material usage have been identified. 

These seem to be related to constraints imposed by the nature of the 

material on manufacture or use qualities. 

Secondary Refuse Transformation 

The number of deposits of unquestionable secondary refuse at 

the Joint Site is somewhat small, on the order of 13. These areas include 

the trash fills of Rooms 1, 2, 11, 5, 7, and 17, although there is really 

very little material in Room 2. Also included as secondary refuse areas 

are the exterior middens depicted on the site map (Fig. 10). In order to 

increase the number of cases for input to the SPSS factor analysis (Nie 

and others 1970), the following set of procedures was employed. 

The total type counts for each sample square, both Phase 1 and 

2, were tallied by computer. The total counts of each provenience type 
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within rooms was likewise calculated. These provenience types include: 

roof artifacts, trash fill, roof and trash mix, above floor but not secon

dary refuse fill or roof artifacts, on floor, subfloor level, on subloor 

occupation surface, and unknown but above floor. The computer was 

then programmed to cull from the sample square and room data only 

those cases for which the total of artifact Types 4 and 34 exceeded 10. 

The 73 cases thus produced formed the preliminary body of data. 

Quite clearly, many of these cases may not be secondary ref

use. To reduce this set to certain and suspected secondary refuse pro

veniences, the criterion of case inclusion was made more stringent. By 

increasing the requisite total of artifact Types 4 and 34 to greater than 

50, the case number was lowered to 33, still considerably greater than 

13, however. These case reduction procedures were effected by use of 

the SELECT IF statements built into the SPSS program package (Nie and 

others 1970). 

The question, then, is with how much confidence may these 20 

additional proveniences be considered to contain secondary refuse? A 

listing of the cases (Table 28) reveals some gratifying consistencies. 

With the exception of Room 5, only two provenience types, trash fill 

and roof, are represented. The demonstration that ceramics and now 

lithics were deposited on roofs suggests that the outputs of a wide va

riety of activities are being dealt with. This increases the possibility 

that such refuse is secondary but does not really demonstrate this. 

As for the sample squares, several patterns emerge. A number 

of squares fall within the same secondary refuse area (for example, 

S7W4, S7W5, and S7W6), while others fall within areas of less 
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Table 28. Proveniences Used as the 33 Cases for the SPSS Factor 
Analysis 

Sample Squares, Sample Squares, 
Rooms Phase 1 Phase 2 

R5, trash fill S7W4 Sq. 1 

R5, subfloor levels S7W5 Sq. 2 

R7, trash fill S7W6 Sq. 3 

R8, roof S12W8 Sq. 4 

RIO, roof S4E11 Sq. 5 

Rll, trash fill S6E11 Sq. 8 

R15, roof N9W9 Sq. 9 

R17, trash fill N11W7 

R29, roof N12W6 

R31, roof N1E10 

N8E4 

N10E11 

N13E11 

N14E6 

N15E17 

N19E3 
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concentrated refuse. It is not possible to demonstrate unequivocally 

that these areas too are secondary refuse, but because they occur in out

door, non-architectural areas, suggests that at least some of them may 

be. If they are primary refuse, the transformation model should be large

ly unaffected, except if certain specialized activities were conducted 

in highly restricted locations that produced only primary refuse. 

In choosing the variables to include in the analysis, one finds 

that the number of possible chipped-stone type combinations is a mini

mum of 200 factorial. Given this large number of variable combinations, 

plus the additional possibility of variable modifications, one could pretty 

well demonstrate whatever he desired—if he had the time to experiment. 

In order to show the efficacy of the secondary refuse transformation, I 

shall not have to bore the reader with a description of the trials and 

tribulations and programming errors which accompanied the early runs. 

Instead, I shall summarize briefly the few patterns that did emerge from 

these preliminary analyses to provide a background to the final factor 

analysis reported here in detail. 

On the basis of about a dozen SPSS factor analyses, many of 

them differing only trivially in the variables chosen, three or four inter-

pretable factors usually emerged, although sometimes as many as six 

total factors were produced. The "interpretable" factors tend to indicate 

that the unutilized by-products of tool manufacture behaved differently 

with regard to raw material type. In addition, some runs showed that 

many large tool types behaved differently from the mass of small tooi 

types. In short, a case could be made that elements of activity sets had 

been isolated on the basis of the secondary refuse transformation. 
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Because of the pressure of time and my belief that sufficient 

tinkering would prove just about anything, I decided to report the results 

of perhaps the simplest analysis conducted. It is simple because it re

quires the fewest assumptions to justify the variables that were in

cluded, only some of which were modified. 

The variables examined are composed primarily of utilized 

flakes and shatter, unutilized by-products of tool manufacture, and 

other tool types which occur in relative abundance. The counts of flakes 

and shatter within edge angle—size classes were combined for each type 

of raw material. The chert and chalcedony totals were then summed. 

Quartzite tools, having slightly different use qualities, were kept sepa

rate in the analysis. The unutilized by-products of chipping activities 

were also kept segregated by raw material in the analysis, but several 

infrequently occurring debitage types were deleted. In Table 29, the 

variables used in the analysis and their SPSS factor analysis labels are 

listed. The modifications used to generate composite variables are also 

shown (Table 29). The data input to the factor analysis is displayed in 

Table 30. 

The specific technique applied was principal component factor 

analysis (PA2), with all default options in effect, from the SPSS reper

toire (Nie and others 1970). Varimax rotation was employed. The results 

of this analysis, which yielded five factors, are displayed in Table 31. 

The results of this analysis can be presented in a simpler form. 

This is achieved by determining a minimum value of factor loading below 

which variables are excluded from factors. The remaining variables can 

then be listed with the factors on which they load above this specified 
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Table 29. Chipped-stone Variables Used in SPSS Factor Analysis 

(When two or more Joint Site types appear in the same row, they have 
been added to yield the corresponding SPSS variable.) 

Joint Site Ghipped-stone Type Number 
SPSS 

Variable 
Label Chert Quartzite Chalcedony 

VAR008 2 

VAR009 3 

VAR010 4 

VAR011 5 

VAR012 6 

VAR013 7 

VAR014 8 

- VAR086 2 

VAR087 3 

VAR088 4 

VAR089 5 

VAR091 7 

VAR092 8 

VAR164 2 

VAR166 4 

VAR167 5 

VAR169 7 

VAR170 8 

LGHI 11,15 11,15 

LGMED 12,16 12,16 

LGLO 13,17 13,17 

MEDHI 21,25 21,25 

MEDMED 22,26 22,26 

MEDLO 23,27 23,27 

SMHI 31,35 31,35 
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Joint Site Chipped-stone Type Number 
SPSS ; 

Variable 
Label Chert Quartzite Chalcedony 

SMMED 32,36 32,36 

SMLO 33,37 33,37 

QLGHI 11,15 

QLGMED 12,16 

QLGLO 13,17 

QMEDHI 21,25 

QMEDMED 22,26 

QMEDLO 23,27 

QSMHI 31,35 

QSMMED 32,36 

QSMLO 33,37 

HAMCOB 49 49 

HAMCOR 30 30 30 

RETSCR 74 74 

SMNOTCH 78 78 

SAW 63 63 
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Table 30. Chipped-stone Frequency Data as Input to SPSS Factor 
Analysis 

VAR086 VAR087 VAR088 VAR089 VAR091 VAR092 VAR164 

S7W4 4 5 49 5 28 8 2 
S7W5 0 0 21 2 12 2 0 
S7W6 2 1 13 4 14 3 0 
S12W8 0 1 2 0 3 1 0 

S4E11 0 0 2 1 3 1 0 
S6E11 0 0 2 0 3 1 1 
N9W9 0 6 8 0 4 0 0 
N11W7 0 1 14 0 2 1 0 

N12W6 0 2 22 1 2 2 0 
N1E10 0 0 9 4 1 0 0 
N8E4 0 2 30 4 13 0 0 
N10E11 0 2 7 1 1 0 0 

N13E11 0 0 3 0 1 0 0 
N14E6 1 0 8 0 9 0 0 
N15E17 0 0 5 0 3 0 0 
N19E3 0 0 13 2 2 0 0 

SQ1 0 2 41 1 26 2 0 
SQ2 0 5 14 1 22 2 1 
SQ3 1 2 17 1 23 2 0 
SQ4 0 2 14 1 11 1 0 

SQ5 0 0 1 0 3 1 0 
SQ8 0 0 2 0 3 0 0 
SQ9 0 1 12 0 12 1 0 
R5FILL 0 2 45 3 37 4 0 

R5SUBF 0 0 15 3 12 0 0 
R7FILL 0 3 7 0 4 1 2 
R8ROOF 0 1 3 0 1 0 0 
RIOROF 0 2 5 0 1 0 1 

R11FIL 0 0 6 0 3 1 0 
R15ROF 1 0 15 1 10 2 3 
R17FIL 1 7 41 0 39 6 4 
R29ROF 0 2 7 0 6 3 0 

R31ROF 1 0 4 1 5 0 0 
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VAR008 VAR009 VAR010 VAR011 VAR012 VAR013 VAR014 

S7W4 18 44 427 110 10 175 85 
S7W5 21 26 232 59 8 64 30 
S7W6 27 33 253 64 5 121 51 
S12W8 9 14 54 11 0 35 17 

S4E11 1 5 75 15 0 21 11 
S6E11 3 5 77 26 0 17 13 
N9W9 4 9 104 27 0 39 14 
N11W7 8 10 159 25 0 25 8 

N12W6 6 9 127 28 1 28 13 
N1E10 1 2 63 13 0 24 3 
N8E4 10 14 204 30 4 64 22 
N10E11 3 6 60 15 1 23 11 

N13E11 2 6 84 4 0 13 8 
N14E6 6 20 86 17 3 73 25 
N15E17 0 6 87 14 0 16 3 
N19E3 2 7 104 29 0 18 9 

SQ1 13 35 458 77 2 99 23 
SQ2 8 32 340 45 2 86 24 
SQ3 23 30 2 70 39 6 142 28 
SQ4 14 13 170 24 1 62 17 

SQ5 1 0 30 3 0 13 5 
SQ8 1 3 50 2 0 10 0 
SQ9 5 6 107 20 0 57 12 
R5FILL 11 22 327 50 6 87 34 

R5SUBF 2 6 131 12 3 23 7 
R7FILL 8 9 55 14 4 49 14 
R8ROOF 2 2 66 17 0 19 6 
RIOROF 2 5 38 4 1 18 4 

R11FIL 5 5 35 10 3 13 5 
R15ROF 10 6 183 46 0 53 28 
R17FIL 19 35 499 135 1 177 92 
R29ROF 6 12 83 27 2 38 17 

R31ROF 3 6 42 3 2 18 8 
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VAR166 VAR167 VAR169 VAR170 LGHI LGMED LGLO 

S7W4 26 7 4 4 7 7 6 
S7W5 4 4 6 0 2 0 2 
S7W6 10 1 1 0 2 0 0 
S12W8 5 3 0 1 0 0 0 

S4E11 2 0 0 0 0 1 1 
S6E11 3 2 2 0 1 1 0 
N9W9 5 0 2 1 0 0 0 
N11W7 7 0 2 1 2 0 2 

N12W6 8 4 1 1 0 0 0 
N1E10 4 0 0 0 0 0 0 
N8E4 11 6 0 1 1 3 2 
N10E11 2 1 1 0 0 0 0 

N13E11 3 1 0 0 0 1 1 
N14E6 4 2 6 1 1 0 0 
N15E17 0 1 1 0 0 0 0 
N19E3 3 1 2 0 0 0 0 

SQ1 15 4 3 0 1 0 0 
SQ2 10 1 5 0 0 1 1 
SQ3 5 3 5 0 4 2 5 
SQ4 12 2 5 2 0 0 1 

SQ5 1 0 1 1 2 0 4 
SQ8 1 0 0 0 0 0 0 
SQ9 2 2 3 0 2 0 0 
R5FILL 22 3 8 1 9 11 9 

R5SUBF 0 1 0 0 1 2 2 
R7FILL 4 1 4 0 0 5 3 
R8ROOF 5 0 0 0 2 2 2 
RIOROF 3 0 0 0 0 0 1 

R11FIL 0 1 2 0 4 1 1 
R15ROF 22 9 5 2 10 3 0 
R17FIL 52 18 18 5 17 6 6 
R29ROF 9 1 1 0 1 1 1 

R31ROF 1 0 3 0 1 3 0 
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MEDHI MEDMED MEDLO SMHI SMMED SMLO QLGHI 

S7W4 36 33 49 31 47 157 2 
S7W5 10 12 12 20 27 91 1 
S7W6 7 14 16 19 19 89 0 
S12W8 5 1 5 9 10 41 0 

S4E11 1 0 2 6 4 14 1 
S6E11 1 5 7 6 11 22 0 
N9W9 5 5 3 10 16 27 0 
N11W7 7 3 7 8 8 26 0 

N12W6 4 2 2 19 12 26 0 
N1E10 1 0 2 1 3 8 0 
N8E4 12 11 17 22 30 88 0 
N10E11 1 1 3 3 7 9 1 

N13E11 1 2 0 6 5 22 0 
N14E6 18 16 22 18 33 81 0 
N15E17 1 3 2 5 8 24 0 
N19E3 2 0 0 3 5 16 0 

SQ1 15 13 18 37 48 122 0 
SQ2 6 12 12 28 34 82 0 
SQ3 11 14 26 15 32 89 0 
SQ4 3 6 5 12 25 48 2 

SQ5 2 4 5 5 8 30 1 
SQ8 2 0 5 7 7 18 0 
SQ9 4 6 0 13 11 39 0 
R5FILL 28 76 101 36 90 310 4 

R5SUBF 9 21 37 13 23 97 1 
R7FILL 4 24 30 14 40 108 0 
R8ROOF 5 10 10 9 17 48 0 
RIOROF 4 7 6 7 8 27 0 

R11FIL 2 17 34 5 31 55 0 
R15ROF 16 9 16 23 41 85 3 
R17FIL 54 78 70 52 83 237 5 
R29ROF 11 14 13 13 16 26 0 

R31ROF 5 5 12 8 6 34 2 
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QLGMED QLGLO QMEDHI QMEDMED QMEDLO QSMHI 

S7W4 8 5 1 5 16 2 
S7W5 1 1 4 2 5 2 
S7W6 2 0 1 1 4 1 
S12W8 0 0 0 1 1 0 

S4E11 0 0 0 0 0 0 
S6E11 1 1 0 0 0 0 
N9W9 0 0 0 1 0 0 
N11W7 0 0 1 1 1 0 

N12W6 0 0 1 0 0 1 
N1E10 0 0 0 0 0 0 
N8E4 0 0 1 3 1 0 
N10E11 0 0 0 0 0 0 

N13E11 0 0 0 1 0 0 
N14E6 0 0 0 1 4 0 
N15E17 0 1 0 0 0 0 
N19E3 0 0 0 0 0 0 

SQ1 1 0 2 4 2 2 
SQ2 2 0 2 1 1 1 
SQ3 1 0 3 6 2 1 
SQ4 1 0 1 0 0 0 

SQ5 0 0 1 1 1 0 
SQ8 0 0 0 0 1 1 
SQ9 0 0 1 1 1 0 
R5FILL 7 4 4 14 17 0 

R5SUBF 2 2 1 4 1 1 
R7FILL 0 1 0 3 4 0 
R8ROOF 0 0 0 0 0 0 
RIOROF 1 2 0 1 0 1 

R11FIL 0 1 0 3 3 0 
R15ROF 1 0 0 3 1 1 
R17FIL 7 2 3 10 12 0 
R29ROF 0 0 1 1 0 0 

R31ROF 0 0 2 3 2 0 
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QSMMED QSMLO HAMCOB HAMCOR RETSCR SMNOTCH 

S7W4 4 17 5 8 7 4 
S7W5 1 5 2 2 6 5 
S7W6 0 1 1 3 3 4 
S12W8 1 0 1 1 0 1 

S4E11 0 1 0 0 2 1 
S6E11 0 0 0 1 0 2 
N9W9 1 3 0 0 3 1 
N11W7 0 3 0 0 3 0 

N12W6 3 5 0 1 1 0 
N1E10 0 0 0 0 2 0 
N8E4 2 11 1 2 5 0 
N10E11 1 0 0 0 2 0 

N13E11 0 2 0 0 0 1 
N14E6 5 5 0 1 1 3 
N15E17 2 1 0 0 0 0 
N19E3 1 1 0 0 1 0 

SQ1 3 10 0 0 5 0 
SQ2 5 12 1 2 4 1 
SQ3 2 10 0 10 4 0 
SQ4 1 1 1 2 6 1 

SQ5 0 3 0 0 0 0 
SQ8 1 1 0 0 0 0 
SQ9 0 1 0 1 2 0 
R5FILL 11 28 4 15 3 4 

R5SUBF 1 9 4 7 3 0 
R7FILL 6 13 5 17 2 1 
R8ROOF 1 1 0 0 0 0 
RIOROF 0 1 2 1 2 0 

R11FIL 2 4 4 10 6 2 
R15ROF 0 4 4 7 5 0 
R17FIL 8 22 10 19 34 4 
R29ROF 2 5 1 2 4 0 

R31ROF 0 0 0 1 0 0 
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SAW VAR082 

S7W4 0 0 
S7W5 1 0 
S7W6 0 2 
S12W8 0 0 

S4E11 0 0 
S6E11 2 2 
N9W9 0 0 
N11W7 0 1 

N12W6 0 0 
N1E10 0 1 
N8E4 0 1 
N10E11 1 0 

N13E11 0 1 
N14E6 0 2 
N15E17 0 0 
N19E3 0 0 

SQ1 2 1 
SQ2 0 2 
SQ3 0 1 
SQ4 0 0 

SQ5 0 0 
SQ8 0 1 
SQ9 1 2 
R5FILL 0 12 

R5SUBF 1 1 
R7FILL 0 2 
R8ROOF 0 3 
RIOROF 0 0 

R11FIL 1 3 
R15ROF 0 2 
R17FIL 7 4 
R29ROF 0 0 

R31ROF 0 1 



Table 31. Results of Factor Analysis of Joint Site Chipped Stone 
(Varimax Rotation) 

Factor 1 Factor 2 Factor 3 Factor 4 Factor 5 

VAR008 .14906 .28711 .79792 .08134 .32570 
VAR009 .22425 .30383 .88405 .12877 .01040 
VAR010 .34541 .46703 .76418 .02446 -.23368 
VAR011 .23017 .65563 .65674 .18553 -.06316 
VAR012 .41188 -.12428 .67171 .42516 .28419 
VAR013 .28562 .48663 .73795 .19300 .04119 
VAR014 .25778 .66028 .57093 .36990 .09428 
VAR082 .86534 .06414 -.01558 -.08738 .05078 
VAR086 .00545 .27754 .46301 .71590 .11364 
VAR087 .21101 .53006 .31806 .06734 -.20535 
VAR088 .50977 .35109 .61791 .19246 -.30973 
VAR089 .18918 -.13525 .45434 .46172 -.08313 
VAR091 .60643 .41994 .62424 .01131 -.11271 
VAR092 .35717 .51183 .52114 .42628 .00069 
VAR164 .16820 .80978 .00106 .22823 .02530 
VAR166 .37222 .82357 .31648 .12785 -.16084 
VAR167 .22348 .85635 .27665 .05548 -.02263 
VAR169 .46919 .73276 .27744 -.16595 .20254 
VAR170 .19149 .79215 .16085 .35792 -.10508 
LGHI .50342 .74575 .13541 .14473 .11683 
LGMED .84480 .26422 .06692 .35818 -.05267 
LGLO .76954 .23031 .21370 .23768 .03784 
MEDHI .49434 .69911 .37242 .22091 -.05680 
MEDLO .89460 .30511 .19989 .18678 .07894 
SMHI .48670 .56830 .58419 -.03911 -.18662 
SMMED .76341 .46914 .36268 -.00161 -.01605 
SMLO .82960 .35577 .39160 .08960 .00795 
QLGHI .54376 .60400 .03840 .15327 .04733 
QLGMED .60405 .46241 .38059 .43966 -.07608 
QLGLO .61264 .17834 .16016 .58448 -.02089 
GMEDHI .53268 .13490 .59368 -.20349 .11273 
QMEDMED .86626 .31933 .25653 .04265 .02156 
Q MEDLO .71851 .31970 .35680 .42865 .09259 
QSMHI -.07103 -.00994 .65995 .21807 -.05367 
QSMMED .78731 .29267 .21401 -.03148 -.08755 
QSMLO .81688 .32947 .35940 .09483 -.16966 
HAMCOB .50964 .67897 .04935 .24910 . 16851 
HAMCOR .69537 .46107 .07766 .11742 .24260 
RETSCR .23257 .88365 .23028 -.08952 .08553 
SMNOTCH .38160 .26910 .43479 .26003 .38032 
SAW .16746 .77561 .09996 .23399 .07725 

Percent of 
variance 
explained 72.2 10.3 9.9 5.1 2.5 
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value. Setting this cut-off factor loading at 0.60 reveals some rather 

definite patterns in the first three factors but also results in the loss of 

Factors 4 and 5 (Table 32). 

Factor 1 contains a large sampling of utilized flakes and 

utilized shatter of all sizes and all except the steepest edge angles. 

Also included in this factor are a single unifacially retouched tool, 

battered cores, and quartzite waste shatter. In short, all of these types 

but one has been used. If one refers back to Chapter 9 where the use 

potentials of the Joint Site tool types are presented (Table 17), some 

general inferences about the activities in which these artifacts took 

part can be proffered. 

Most of these tools may have been used for light, medium, and 

heavy-duty cutting and scraping, possibly on skin, meat, hides, wood, 

and plant fiber. Battered cores could have been used to roughen the 

grinding surface of metates or to break bone. Clearly, these activities 

probably comprise most of the major tasks which would have been per

formed within a sedentary community practicing a mixed subsistence 

strategy. For this reason and because Factor 1 accounts for the lion's 

share of the variance (72.2%), I suggest that these activities were per

formed in most activity areas. This is in accordance with the results of 

transforming simulated secondary refuse data (Chapter 7). In that anal

ysis it was learned that when more than 20% of an assemblage was used 

in all activity areas, the first factor contains all of the elements held in 

common by the activity areas. This would seem to be a parsimonious as 

well as plausible explanation for the observed patterns. 
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Table 32. The SPSS Variables That Load at 0.60 or Above on Each of the 
Five Factors 

Factor 1 Factor 2 Factor 3 Factor 4 Factor 5 

VAR082 VAR011 VAR008 

VAR091 VAR014 VAR009 

LGMED VAR164 VAR010 

LGLO VAR166 VAR011 

MEDLO VAR167 VAR012 

SMMED VAR169 VAR013 

SMLO VAR170 VAR088 

QLGMED LGHI VAR091 

QLGLO MEDHI QSMHI 

QMEDMED QLGHI 

QMEDLO HAMCOB 

QSMMED RETSCR 

QSMLO SAW 

HAMCOR 

VAR086 none 
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Factor 2 consists primarily of the unutilized waste products of 

chalcedony tool manufacture and some of the unutilized waste products 

of chert tool manufacture. In addition, three tools with steep edge 

angles, a hammerstone, saw, and retouched scraper are found within 

this factor. These results suggest a set of tools used to make other 

tools, such as projectile points, arrows, bows, and other hunting equip

ment. Steep-edged scrapers would be useful for shaving and scraping 

wood or other dense material; saws would come in handy to work plant 

and wood materials. It should be recalled that the tools isolated in 

Factor 1 may also have been used in this activity set. 

I suggest that these activities were performed primarily in 

rooms and on the roof of the pueblo. This inference rests on the assump

tion that in or.-ler to use the chalcedony as economically as possible, it 

would have been desirable to have a great deal of control over all by

products of chalcedony tool manufacture. This would have been facili

tate by performing these activities close to where this material was stored, 

presumably in habitation rooms . 

Factor 3 consists of the waste products of chert and quartzite 

tool manufacture activities. The only exception is a small utilized 

quartzite flake or piece of shatter with a high edge angle. One might 

interpret the inclusion of this tool type within Factor 3 in the following 

way. It is possible that on small pieces of quartzite waste material 

having a steep edge angle, the normal fracturing pattern produces a tex

ture resembling use wear. Thus, such artifacts would be consistently 

classified as utilized flakes and shatter instead of waste flakes and 

waste shatter. In any case, this factor can be interpreted as the waste 
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products of chert and quartzite tool manufacture. Such activities may 

have occurred in the non-architectural areas of the site in close prox

imity to the sources of the raw materials. This inference is supported 

by the presence of false start cores in this factor, which most likely 

would have been discarded from the quarry location. Again, the activ

ities identified within Factor 1 may have also taken place in this area. 

These activity area hypotheses can be examined in light of the 

de facto refuse from room floors. If rooms were used as hypothesized, 

then one would expect an absence of unutilized chert and quartzite 

waste material. The data indicate quite the contrary (Table 33). Both 

kinds of debitage are clearly found on room floors. Other explanations 

for the activity patterns can be suggested. It is possible that the tool 

manufacture activities of Factor 2 occurred in kivas, while chert and 

quartzite chipping took place in habitation rooms and on the roofs. The 

evidence (Table 33) does not provide striking confirmation of this hypoth

esis either. There are reasons for believing, however, that neither 

hypothesis has been convincingly excluded. One reason is that at the 

Joint Site de facto refuse proveniences probably contain roof materials 

of unknown refuse type. 

In addition, the use of de facto refuse for testing hypotheses 

about major activity patterns within the systemic context of a site is 

risky. These artifacts clearly participated in the last activities con

ducted in these areas. It would seem that such activities could represent 

a skewed sample of all the activities once performed there. The stresses 

associated with abandonment could have appreciably affected not only 

the frequency of activities performed but also their locations of 
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Table 33, De Facto Refuse from the Floors of Storage Rooms, Habitation 
Rooms, and Kivas 

(Rooms used are 3, 9, 10, 14, 15, 20, 21, 23, 25, 27, 28, 29, 31, 32, 
33, 34.) 

SPSS Variable Storage and Habitation 
Label Rooms Kivas 

VAR008 0 1 

VAR009 6 0 

VAR010 39 5 

VAR011 11 0 

VAR012 3 0 

VAR013 14 5 

VAR014 6 0 

VAR086 0 0 

VAR087 0 0 

VAR088 3 0 

VAR089 0 0 

VAR091 4 0 

VAR092 0 0 

VAR164 0 0 

VAR166 1 0 

VAR167 2 0 

VAR169 0 0 

VAR170 1 0 

LGH1 2 0 

LGMED 1 0 

LGLO 3 0 

MEDH1 1 0 

MEDMED 8 0 

MEDLO 7 0 



298 

Table 33 . De Facto Refuse—Continued 

SPSS Variable Storage and Habitation 
Label Rooms Kivas 

SMHI 4 1 

SMMED 4 3 

SMLO 24 3 

QLGHI 1 0 

QLGMED 1 0 

QLGLO 0 0 

QMEDHI 0 0 

QMEDMED 0 0 

QMEDLO 2 0 

QSMHI 1 0 

QSMMED 1 0 

QSMLO 2 0 

HAM COB 2 0 

HAMCOR 1 0 

RETSCR 0 0 

SMNOTCH 0 0 

SAW 0 0 



299 

performance. Further, de facto refuse does not exclusively consist of 

elements at their use locations. Many of these items could have been 

in storage or even manufacture processes at the time they were aban

doned. De facto refuse data should be used with caution because of the 

many possible ways it can misrepresent major patterns of the total past 

system. 

Unfortunately, by discounting the importance of de facto refuse, 

I have eliminated a major source of data for testing activity area hypoth

eses. We are left with uncertainty as to where the activity sets isolated 

by the secondary refuse transformation were conducted. What is impor

tant in the context of this presentation, however, is that grossly inter-

pretable factors were produced with a minimum of fiddling and fudging. 

The inferences generated here suggest that the structuring of activities 

in space at the Joint Site may not have been very specialized. That most 

of the variation can be explained by one factor lends strong support to 

this conclusion. Thus, in addition to an opportunistic technology, the 

occupants of the Joint Site may have opportunistically used their activity 

areas; that is, most activities were performed in most areas. This is not, 

of course, to deny the importance of activity patterning in space, only to 

suggest that the patterns may have been very general. It is also possible 

that activity patterning varied seasonally, so that at any given time, ac

tivity areas were fairly discrete, although during an entire cycle, almost 

all activities would have been performed in a given area. 
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Discussion 

In addition to the problems posed by generalized activity pat

terning and the questionable utility of de facto refuse for testing certain 

hypotheses, many other sources of error and uncertainty have been built 

into the results of this study. In the first place, the chipped-stone ty

pology itself is subject to various limitations, not only because it deals 

only with the potential uses of tools but also because it may not be very 

accurate. I simply do not know to what extent the many types I defined 

correspond to functionally discrete tools. If this doubt is considered in 

light of earlier discussions, it is likely that many of these tools were 

generalized in function, and thus fewer total tool types are probably suf

ficient to measure use accurately. It should be possible to continue the 

analysis begun here by producing more composite types. 

Another limitation of this study concerns its heavy reliance on 

multivariate statistics. The exclusive use of multivariate techniques for 

deriving patterns of artifact correlation cannot fully exploit the patterns 

in the archaeological context. Types which occur infrequently in the 

total assemblage have to be excluded from such analyses to meet or at least 

approximate the assumptions of parametric statistics. Even though many 

of these items are rare, they may have been important elements of the 

past behavioral system. A low frequency in the archaeological record 

can result from a long uselife, a short use span or multiple discard loca

tions of which the site under study is only one. I suspect that items, 

such as "drills" (Type 60), had a long uselife, while "projectile points" 

(Types 52, 53, and 71) were normally discarded away from the habitation 

site. A more comprehensive approach, based on simulation, may be 
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required to take into account these infrequent items, thereby allowing 

the archaeologist to make better use of the variability in the archaeo

logical record to inform on behavioral systems of the past. 

Despite the many criticisms and questions that can justifiably 

be raised about the inferences presented here, several points seem firm

ly established. In the first place, when attempting activity reconstruc

tions from chipped stone, the use in one's analysis of waste products 

and utilized debitage would seem to be required. Interpretable patterns 

have been identified using almost exclusively these materials. 

Secondly, no matter how tenuous are the inferences offered 

here for activities within the systemic context of chipped stone from the 

Joint Site, these inferences can at least account for observable patterns 

in the archaeological context. And they do so by means of principles 

relating to the cultural formation processes of the archaeological record. 

If patterns of behavior in the past are to be credibly inferred, then other 

investigators may also have to model or take into explicit account how 

cultural formation processes transform behavioral systems into archaeo

logical remains. 

The last major point is somewhat of an irony. On the surface 

at least, the consideration of cultural formation processes leads to less 

not more certainty about what occurred in the past. This seems so be

cause another dimension of behavioral variation must be considered when 

generating activity hypotheses. Thus, more alternative hypotheses are 

possible. This increasing uncertainty can be remedied by providing 

means to exclude alternative hypotheses. Because the process of hy

pothesis testing depends to such a large extent on the laws of 
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archaeological knowledge, a way beyond this impasse is indicated. One 

of the most basic tasks which lies ahead of archaeologists concerned 

with reconstruction of past behavioral systems is to generate the laws 

of archaeological knowledge, correlates, n-transforms, and especially 

c-transforms. The development of this set of laws will permit the ar

chaeologist to determine which observations on the archaeological con

text are relevant to documenting events of the past. 



CHAPTER 10 

CONCLUSION AND PROSPECTS 

Having come this far, the exasperated reader may be wonder

ing how the seemingly endless series of digressions which form this 

study are related. There are two basic themes which integrate the pre

ceding discussions into a coherent program for conducting studies in 

behavioral archaeology. The first and major theme of this study con

cerns the effects of cultural formation processes on the archaeological 

record and how various transformations must be performed in order to 

use archaeological remains to measure behavioral and organizational 

variables of past cultural systems. I have shown that knowledge of the 

past is accessible only when laws or assumptions pertaining to the for

mation processes of the archaeological record are employed. I have 

also argued that cultural formation processes must be considered when 

deducing test implications, interpreting absolute dates, designing data 

retrieval strategies, and designating proveniences. Many of these points 

have been illustrated with examples drawn from the Joint Site, a Pueblo 

III ruin in the Hay Hollow Valley. Although the inferences about the 

systemic context of Joint Site chipped stone hardly qualify as revela

tions, they have nonetheless been accomplished in a more rigorous 

fashion than in comparable studies through the explicit consideration of 

cultural formation processes. 

303 
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The second theme of this work is that studies in behavioral 

archaeology can only succeed to the extent that we are able to increase 

the corpus of the laws that comprise archaeological knowledge—corre

lates, c-transforms, n-transforms—and those which explain cultural 

variability and change. I have argued that some of these laws are al

ready extant and many are in current use by archaeologists who are 

often unaware of their lawlike character. In Chapter 6, I have attempted 

to formalize a number of these principles; those dealing with the coarser 

aspects of the relationship between quantitative aspects of the systemic 

structure and quantitative aspects of the archaeological structure. For

malization and systematization of extant principles can go a long way 

toward providing behavioral archaeologists with the laws necessary for 

operating successfully within Strategy 1. Unfortunately, this process 

has only just begun. 

In combing the literature for laws, I have come to the conclu

sion that for many subjects now receiving attention, such as cultural 

formation processes, a more efficient approach to law acquisition lies 

in Strategy 2 of behavioral archaeology. By using this strategy, archae

ologists can test various laws using one or another kind of experimental 

design on data from ongoing cultural systems. As mentioned in Chapter 

1, past studies in Strategy 2 have been unnecessarily narrow in the 

scope of problems conceived, variables examined, and test localities 

chosen. However, once the significance to archaeology of lawlike re

lational statements is more widely appreciated, the way is prepared for 

the expansion of modern material culture studies into heretofore unex

plored domains. The only legitimate boundary of such studies is that 
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one or more of the variables under examination be potentially measurable 

in the archaeological context. Our minds are challenged to comprehend 

the diversity of subject matter thus delimited. Clearly, the archaeolog

ical study of the present has barely begun. 

The purpose of this final chapter is to illustrate the promise 

held for behavioral archaeology by the study of modern material culture 

in systemic context. In this chapter, I attempt to demonstrate the ease 

with which lawlike statements can be devised and tested if appropriate 

questions are asked. The key to increasing the repertoire of useful laws 

for the study of the past is in the proper formulation of general questions. 

Without general questions, there can be no general answers (laws). Al

though there is no cookbook presently available for asking such ques

tions, I shall illustrate the process with a number of examples drawn 

from several recent studies of modern material culture. 

I also point out that modern material culture studies not only 

can increase the body of laws useful for carrying out research in Strat

egy 1, but they also offer archaeologists the potential of increasing the 

understanding of modern human behavior within Strategy 4, thus contrib

uting to anthropology as a whole. Projects such as these, which deal 

with the interaction of etically defined variables in ongoing systems, 

are perhaps better able to bring to fruition the cultural materialist strat

egy (Harris 1968) than any other approach, with the exception of cul

tural ecology, in modern anthropology. In presenting examples drawn 

from undergraduate projects, I do not hesitate to suggest how their re

sults might be applied to understanding modern human behavior. 
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For the past two years, William Rathje, J. Jefferson Reid, and I 

have taught undergraduate courses in archaeological theory and method 

at The University of Arizona. In using these courses as a laboratory for 

testing various ways of teaching the basic concepts of archaeology, we 

have found that modern material culture provides a readily accessible 

data source of limitless dimensions. Students can use such data for 

carrying out projects that treat topics, such as seriation, classification, 

sampling, and the explanation of distributions. These data can also be 

used by undergraduates for acquiring and testing lawlike statements of 

possible utility in archaeological interpretation. 

If undergraduates are to conduct studies that aim to produce 

lawlike statements, they must possess—in addition to creativity—a 

well-developed context of questioning for discerning areas to investigate. 

We acquainted all students with scientific methods and a generalized 

framework of archaeological question asking. Under such a system, 

specific research projects can be obtained in several ways: students 

can be assigned problems or questions, given hypotheses ready for test

ing, or they can be left to their own devices to find a problem area and 

appropriate hypotheses. The best results are obtained when students 

are free to choose among these options according to their abilities and 

interests. 

I shall now discuss a number of these undergraduate projects to 

illustrate the expanded range of problem areas and subject matter avail

able to archaeologists who are interested in learning the laws of human 

behavior. 
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Although pedestrians in major United States cities are not yet 

knee-deep in garbage, the amount of refuse indiscriminantly discarded 

in streets and other inappropriate places is considerable. McKellar 

(1973) has provided a hypothesis to explain the discard locations of at 

least some of this refuse. She suggests that regardless of the availabil

ity of trash receptacles, items less than 4 inches in overall dimensions 

are discarded in outdoor areas whenever and wherever they cease to be 

useful. McKellar tested this hypothesis on refuse from the campus of 

The University of Arizona. Holding constant intensity of use of sampled 

areas, she examined 30 lots of trash both near and far from refuse con

tainers. Her results, based on this limited test, provide a tentative 

confirmation of the hypothesis. Small items are discarded almost inde

pendently of the location of trash cans, while larger items find their way 

into trash cans if these containers are handy. 

If these preliminary findings are accepted for the purpose of 

discussion, some interesting implications emerge for designing policies 

for the control of litter. Unless the probability of being caught and sent 

to jail for littering increases radically, putting us all in the company of 

Arlo Guthrie, these behavior patterns are not likely to be changed by in

creasing the intensity of threats and exhortations emanating from high 

places. The soft sell is a noticeable failure. In order to bring about a 

change in behavior, the results of this project might be fed into the 

American system at the level of packaging design. Items that can be 

easily crushed—hence made smaller—or items that are intrinsically 

small, such as pop-tops and matchbooks, should not be used in packag

ing. In the cases where this is not practical, the value or recyclability 
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of small items should be artificially increased. Beer companies might 

offer a six pack of beer for 200 pop-tops, thus assigning a coupon func

tion to an otherwise worthless object. I suspect that within a week after 

initiating such a program, not a single beer can pop-top would be visible 

on any United States campus. As another example, cigarette coupons 

should be printed on the package, thus increasing its value, and not 

simply tucked loosely inside the cellophane cover. The use of cello

phane, a prime offender, should be discouraged altogether. McKellar's 

hypothesis probably has cross-cultural applicability and can function 

to explain the occurrence of primary refuse in outdoor areas of any com

munity's activity space. Several modifications of the hypothesis should 

be made before it is examined in the light of other data. In the first 

place, the factors affecting the size threshold should be investigated. 

One might suggest that as the use intensity of an activity area increases, 

the size threshold of tolerable primary refuse will decrease. This hypoth

esis might apply to both indoor and outdoor areas. In the second place, 

variables relating to techniques of refuse removal and transport should 

be considered. Even so, this example suggests that by studying the 

refuse produced in an urban setting, archaeologists can acquire impor

tant generalizations about discarding behavior. In conjunction with 

other information, these generalizations can be used to devise non

coercive means for altering behavior. 

A pervasive quality of modern American culture is the wide

spread quest for upward mobility and higher status. Fortunately for 

archaeologists, statuses are in part actualized in and symbolized by 

material objects. In attempting to explain the phenomenon of rapid status 
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symbol change and other aspects of status symbol distribution in the 

United States, Swan (1972) tested a hypothesis which has implications 

for understanding system disequilibrium and technological growth. 

Specifically, the hypothesis states that if the availability of a 

status symbol increases, occupants of lower statuses will begin to ac

quire the symbol, disrupting the equilibrium distribution of status sym

bols. To maintain the system of status grading and the appropriate pat

terns of social interaction that it reflects and facilitates, the symbol of 

the higher status will be replaced. Using data from the 1960-1970 U.S. 

census statistical abstracts, Swan examined changes through time in 

the distribution among income classes of cars per household, black-

and-white televisions, color televisions, washing machines, clothes 

dryers, refrigerators, and dishwashers. These changes in distribution 

through time were compared with changes in cost relative to the 1958 

dollar. By the early 1960's, most of these objects had already become 

middle and low income status symbols, and thus the test was not con

ducted under the best of conditions. His test is further complicated by 

the increased availability of all durable consumer goods due both to 

cost decreases and income increases. Nevertheless, Swan found that 

in the early 1960's clothes dryers and two or more cars appear to have 

been middle class status symbols. Later in the decade, as these middle 

class status symbols increased among lower income groups, dishwashers 

and color televisions seem to have taken their place as middle class 

status symbols. 

These are tentative results. Even so, I can amplify this model 

of status symbol distribution and change and discuss several of its 
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implications. In a complexly stratified, highly mobile society, quantity 

and diversity of household material objects vary directly with status. 

This implies that a Guttman scaling or even a seriation of households 

by material objects provides a ranking of statuses. In other words, all 

statuses have couches, plates, glasses, but at each successively high

er level, new items are added, until at the top, where the highest sta

tuses are reached, material objects are found that have limited distri

butions. The items which define or symbolize a high status do not 

appear in appreciable quantities among lower status categories. Low 

status items can also be restricted in distribution to those classes, but 

they occur in much higher overall frequencies. On the basis of Rathje's 

(n.d.) social mobility model, totally discrete distributions would not be 

expected among any classes. 

In order to maintain the system of status grading, this differ

ential distribution of status symbols should be closely approximated. 

Each status should have symbols that are not shared to a significant 

extent by lower status groups. It follows, then, that if the frequency 

of a status symbol increases among lower statuses, it can no longer 

function to discriminate one status group from another. Thus, the higher 

status group must find a new symbol, which it can do by either increas

ing the demand for symbols of the next higher status or by creating de

mand for an entirely new symbol. 

The maintenance of the system of status grading by changes in 

status symbols constitutes a negative feedback or deviation-

counteracting mechanism. New status symbols are acquired to replace 

old ones which have become devalued by more widespread distribution. 
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But the status grading system does not operate in a vacuum. To provide 

a source of new status symbols, a positive feedback loop is involved 

which couples social and technoeconomic subsystems. Changes in 

social mobility, population increase, or status symbol disequilibrium 

generate a demand for technological innovation to produce new gadgets 

and produce old gadgets at a lower price to serve as status symbols. 

New processes and products developed in the technological subsystem 

lead to unexpected increases in the availability of other symbols. This, 

in turn, leads to further status system disequilibrium and demand for 

additional symbols. Clearly, the positive feedback that couples the 

status grading system to technology in a highly mobile society acts as 

a powerful engine driving system growth. 

At one time system growth was judged to be beneficial, but now 

environmentalists, ecologists, and even some economists are calling for 

an appraisal of the long-term consequences of uncontrolled growth. 

Some investigators even predict that growth will soon result in system 

collapse from pollution, resource depletion, and other factors. One way 

that doom might be prevented or at least forestalled is to disrupt various 

positive feedback loops. If the harmful effects of the status system-

technology loop are to be lessened and wasteful resource consumption 

reduced, then effort must be directed—not necessarily at creating an 

egalitarian society—but at increasing the use of status symbols which 

are less demanding on advanced production processes and scarce re

sources than many now in use. This could be facilitated by artificially 

increasing the scarcity of certain kinds of material items. The begin

nings of this process may be observable in the recent upsurge of interest 
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in art and craft objects, such as limited edition procelains and junk 

sculptures. As this trend continues, the positive feedback loop between 

the social and technological subsystems will asume less importance as a 

contributor to system disequilibrium and growth. 

When status symbols are replaced by new ones, actual substi

tution at the level of an individual household may or may not take place. 

When items within a single functions—such as cars—are replaced by 

items in a different category—such as swimming pools—the social unit 

is likely to just add the new object to its repertoire. But in many cases, 

items within the same functional category, such as houses or automo

biles, may replace each other. When this occurs, an opportunity for 

lateral cycling is created, since the replaced object may still be useful. 

Lateral cycling in Tucson, Arizona, was the subject of several 

undergraduate projects, and their results illuminate some of the process

es by which used objects circulate in an urban system. Kassander (1973) 

found that as the social distance between the individuals or groups that 

^ give and receive laterally cycled goods increases, the greater the likeli

hood that formal mechanisms with middlemen, such as second hand 

stores and thrift shops, will facilitate the activity. Another finding 

which gives support to the general status symbol distribution model is 

that lateral cycling seems to be concerned mostly with items that have 

relatively long uselives (Young 1973; Brown and Johnson 1973; Kassander 

1973; Wood 1973). Of all the lateral cycling mechanisms studied, which 

include swap meets, thrift shops, and second-hand stores, swap meets 

—a relatively informal mechanism—seem to represent the greatest diver

sity of items (Kassander 1973). 
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The study of swap meets produced some interesting and unex

pected results regarding the social dimension of the activity. It seems 

that there are two major patterns of swap meet use (Brown and Johnson 

1973). Some individuals sell items on an irregular or one-time basis. 

Others are termed "professionals," and repeatedly appear at swap meets, 

perhaps providing a source of income in that manner. The goods offered 

for sale by professionals are usually limited in variety compared to those 

of irregular lateral cyclers. Often the professional spends other parts of 

the week in search of goods to sell at the weekend swap meets (Brown 

and Johnson 1973). Surprisingly, these professionals "... maintain 

social ties with one another even outside the swap-meet functions. 

Parties and outings often involve friendships started and maintained 

through the swap-meets" (Brown and Johnson 1973:9). 

These preliminary studies have now brought us to the point 

where meaningful general questions can be asked about swap meets and 

other lateral cycling mechanisms. For example, what variables deter

mine when swap meets will emerge as a mechanism of lateral cycling? 

One might expect that when population size reaches a certain point in 

the presence of a critical intensity of social mobility, sufficient material 

would be available to sustain lateral cycling through swap meets. An 

important area of investigation is to discover the variables which deter

mine the presence of any formal mechanism of lateral cycling. One can 

also examine lateral cycling to determine how materials flow between 

and among various social classes. Certain mechanisms are likely to 

arise to facilitate downward flow, others for intraclass flow, still others 

for upward flow. One study has already established that while most 
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second-hand stores occur in the poorer neighborhoods of Tucson, col

lection points exhibit a slight tendency to occur in the neighborhoods 

of higher income groups (Brown and Johnson 1973), thus suggesting a 

downward flow of objects. This also raises questions concerning where 

lateral cycling mechanisms are situated with respect to givers and re

ceivers. These questions are only a few from among the many raised 

by these undergraduate studies of lateral cycling. 

The importance of the principles of lateral cycling for under

standing the archaeological record is clear. Less obvious are the impli

cations that such studies have for understanding the dynamics of modern 

systems. At a time when everyone is advocating reuse—both lateral 

cycling and recycling—as a means of conserving scarce resources, it 

seems remarkable that so little is known about ongoing cycling process

es. It seems to me that before far-reaching reuse policies are imple

mented by various governments, lateral cycling as it now works should 

be understood in both its physical and social dimensions. Archaeologists 

are eminently qualified to conduct such studies. 

In another project, two students attempted to identify the vari

ables determining what materials are likely to be left as de facto refuse 

when a social unit moves out of a dwelling (Gekas and Phillips 1973). 

It is likely that many of the variables considered, such as anticipated 

moving distance, ease of transportation, social status, and available 

space in the new site, are operative whenever a social unit moves out 

of its dwelling. This study illustrates that many situations of interest 

to archaeologists, like de facto refuse production, can be simulated in 

a modern industrial society with relative ease. Even aspects of Binford's 
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(n.d.) Nunamiut study can be duplicated in the United States—curate 

behavior among mobile social units can probably be studied in modern 

campgrounds. For archaeologists, such as I, who are reluctant to en

dure the rigors of the arctic cold—even in the name of science—the 

study of modern material culture offers an appealing alternative for ac

quiring and testing laws of human behavior. There are, of course, many 

situations of interest that cannot be simulated under modern conditions; 

but I suggest that they are less frequent than is usually thought to be 

the case. 

I make no claim that these studies have provided heretofore 

unknown laws of human behavior that will revolutionize anthropology and 

the practice of archaeology. Instead, I have indicated how modern mate

rial culture can be of use to investigators seeking laws of human be

havior relevant to both archaeological interpretation and the study of the 

present. One might suspect that if undergraduates can succeed at dis

covering regularities in human behavior, then professional anthropolo

gists should have somewhat less difficulty. Unfortunately, this is not 

yet the case. Too many anthropologists believe that cultural systems 

are too complex to yield to general principles. Although many anthro

pologists are not openly hostile to nomothetic pursuits, benign neglect 

and indifference have taken a heavy toll on the discipline's output of 

laws. 

If archaeologists as anthropologists are to succeed at explain

ing cultural variability and change, a major reconstruction of anthropo

logical enculturation must occur. Skills in research design, mathematics, 

statistics, modeling, and logic need to be acquired at the undergraduate 
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level. To discover the laws of human behavior requires training in how 

to ask general question and how to devise strategies for answering them. 

Thus, graduate courses in anthropology should cease being histories of 

thought on some subject. They must concentrate instead on defining the 

known principles of a subject and indicating directions of future inquiry. 

My experience with undergraduates at The University of Arizona unequi

vocally demonstrates the fruitful results of applying this approach. Only 

when we set aside ideas about the intractable complexity of culture and 

seek simple principles to reduce that complexity will we possess the 

tools to understand human behavior, past or present. 
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