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PREFACE 

Many people were involved in this study, and I would like to 

acknowledge their contributions to it. 

I began this study in June 1975. At that time, Dr. William A. 

Longacre provided Grasshopper Field School support for the first season 

of survey and artifact collection, even though he was not entirely sure 

where we went each day. After discovering the Pitiful Flats sites, I 

had a feeling that they were important for understanding the prehistory 

of the region but, at the time, did not know why. This vagueness on my 

part was a continuing source of frustration to Drs. Longacre and Reid 

because there was little evidence that "Al's survey" was accomplishing 

much other than encumbering the use of vehicle No. 420. 

The following season, Dr. J. J. Reid provided limited field 

school support so that I could finish the collection phase of the 

project. I could not have finished this phase of the project, and could 

not therefore have continued with my dissertation research, had not 

Bill Hobson lent me his pickup for the summer. This was quite a 

sacrifice for Hobson given his general inclination to archaeology. 

Every aspect of the analysis of the Pitiful Flats collections 

benefited from the expertise of Harold Dibble and Phil Chase. They 

frankly told me that many of things I anticipated doing with my data 

were foolish. They made me reread my statistics books. They also 

suggested specific analyses when I seemed to have reached an impasse. 

I confess to having brazenly solicited their help when they were 
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otherwise occupied. Harold in particular helped me with innumerable 

SPSS problems, while Phil explained, in his own graphic style, the 

fundamentals of multivariate analysis and reintroduced me to the 

assumptions underlying the use of different descriptive statistics. 

I learned a lot and, in return, led them to believe that they were 

invincible on the foosball table. 

Mike McCarthy wrote a computer program that enabled me to 

continue an aspect of the lithic analysis that I thought would never be 

completed. He also helped me make sense of the mystical SCOPE 

operating system. 

Dr. F. John Meaney was besieged with what, 1 am sure, seemed to 

him to be never-ending questions about discriminant analysis, principal 

components analysis, and nonparametric methods. Many aspects of the 

analysis phase of this project, especially the interpretation of the 

results of various discriminant analyses, are a result of his advice 

and assistance. 

The possibilities and limitations of cluster analysis and 

principal components analysis were clarified through discussions with 

Dr. Don Graybill. He made me realize how far one has to go to avoid 

"multivariate mouthtalk." 

Patricia P. Crown, B. Dave Gregory, Larry Hammack, and Dave 

Doyel all helped me when it came time to classify the Pitiful Flats 

ceramics. I knew that I was in trouble when Hammack asked me if the 

small nondescript and eroded brownwares displayed before him had been 

collected from Southwestern sites. He confirmed my suspicions however 

that they were not all Alma Brownwares. Patty and Dave Doyel helped me 
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sort the troublesome whitewares. Many of my ideas on settlement 

archaeology and research design in archaeology were clarified in 

discussions with Dave Gregory. 

The complexities of the ecology of Pitiful Flats were explained 

to me in the field and in the office of Mr. Eric Granfelt of the Bureau 

of Indian Affairs. Mr. Granfelt not only discussed the site-formation 

implications of "double chaining" but suggested that I examine Bales's 

thesis for more information on the Pitiful Flats vegetation. Further

more, his perceptive questions regarding the pragmatics of prehistoric 

agriculture in the Grasshopper area forced me to reconsider some of the 

hallowed assumptions on this subject. 

Throughout my stay at The University of Arizona, I have 

benefited from lengthy and often baroque discussions with Dr. David 

Wilcox. Early on, Wilcox impressed upon me the point that, in order 

to be properly appreciated, ideas in archaeology must be presented 

within an appropriate historical context. A familiarity with the 

history of the discipline is one aspect of this. Another is a feeling 

for what constitutes a "problem" in archaeology. 

In many ways, my tenure in the Department was made possible 

only through the diligence of Mrs. Dorothy Caranchini. Time after time, 

Mrs. Caranchini managed to extricate me from terminal encounters with 

the Graduate College. In fact, this dissertation was completed 

according to a precise timetable coordinated by Mrs. Caranchini despite 

what must surely have seemed to her to be strategic outbursts of my 

bozo behavior. 
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I would like to thank the members of my dissertation committee 

for their considerable help, advice, and encouragement. Dr. Arthur 

J. Jelinek served as chairman of the committee. Through example and 

question, he led me to realize that archaeological data are important 

because ideas about the past are at stake and that the ad hoc prolifera

tion of theoretical terms in archaeology does not solve basic problems 

of interpretation. 

Dr. R. Gwinn Vivian provided extensive written comments on the 

first drafts of this dissertation. Beyond his critical evaluation of 

the arguments, he led me to examine some of the implications of my 

analyses in broader anthropological terms. The style and organization 

of the dissertation were substantially improved as a result of his 

remarkable ability to reduce several compound, complex .sentences to 

single phrases or to delete them entirely. 

Because of his accessibility, Dr. Jeffrey S. Dean was often 

besieged with frantic questions concerning the validity and logic of 

statistical procedures and quantitative problem-solving strategies. 

Most importantly, he was more than understanding when I encountered 

what I thought were insurmountable analytical problems, and never 

failed to render sound advice on how to proceed. His support for some 

of the more novel aspects of the study reinforced my feeling that I was 

not straying from proper analytical method. 

Dr. Michael B. Schiffer offered comments on the dissertation 

that, while at variance with those of the other committee members, 

served to indicate how different perspectives on the same archaeological 

problem imply different requirements and strategies for the acquisition 
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of relevant data. In other words, I am sure he would have done it 

differently. I did, however, incorporate many of his editorial 

comments in the final draft. 

All of the illustrations in the dissertation were drafted by 

Brigid Sullivan. Upon seeing these illustrations, many people have 

suggested that they represent the real contribution of the study. 

Brigid's real contribution was a benign indifference to my ravings 

about discriminant function coefficients, nonassemblage variability, 

etc., while, at the same time, expressing not a small amount of 

assurance that I could actually finish the dissertation. 
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ABSTRACT 

The variability of prehistoric settlements and settlement 

systems (settlement variability) is a result of the kinds of activities 

conducted (functional variability) and how long and intensively settle

ments were occupied (occupational variability). Previous studies of 

settlement variability, especially in the American Southwest, have 

emphasized primarily functional variability. This study explores the 

implications of both functional and occupational variability in con

tributing to settlement variability and how these factors in turn 

influence our ability to reconstruct past settlement systems. 

In investigating the effects of functional and occupational 

variability on settlement variability, an attempt was made to control 

the effects of other variables that might possibly contribute to 

settlement variability. Accordingly, the experimental design for this 

study required that a sufficient number of archaeological sites of the 

same developmental stage and cultural affiliation occurring in the same 

homogeneous environment be located. These design requirements were 

fulfilled by the discovery of the Pitiful Flats locality located midway 

between Grasshopper and Cibecue in east-central Arizona. The surface 

material of 34 archaeological sites (12 lithic sites, 22 ceramic sites) 

on Pitiful Flats was systematically collected to ensure data compara

bility. 

To control further for the effects of functional variability, 

interpretation-free units of analysis were developed for the lithic and 

xxii 
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ceramic assemblages by means of taxonomically based typologies. 

Typological and metric variation in these units of analysis, as well 

as variation in non-assemblage measurements (site size, density, and 

distribution of occupational debris), is used as evidence to support 

conclusions about site-type differences in lithic technology and 

settlement function, and to develop an occupational history of each 

Pitiful Flats site. These site-specific inferences provide a basis 

for reconstructing the structure of an extinct settlement system in 

the Grasshopper area. This reconstruction suggests that prior to the 

appearance of masonry architecture in the Grasshopper area, the basic 

regional settlement system consisted of a small number of "home bases" 

(permanently occupied habitations) and numerous sporadically occupied 

"work camps." The home base and work camps were spatially exclusive; 

the work camps were tethered to a particular home base. The tether 

settlement system explains many of the facts of the regional archaeo

logical record. It also provides a basis for advancing the hypothesis 

that a modified form of swidden agriculture (non-slash and burn as 

opposed to slash and burn) was practiced. This form of cultivation was 

a non-labor-intensive technique for transforming a marginally productive 

environment for agricultural purposes. The demographic and social 

implications of the tether settlement model and the non-slash swidden 

hypothesis for understanding regional Grasshopper prehistory are also 

discussed. 



CHAPTER 1 

INTRODUCTION 

The late David Clarke (1968:xiii) has said that "Archaeology is 

an undisciplined empirical discipline." While this eminently quotable 

quote is not an incorrect evaluation of archaeology in general, it 

should also be added that archaeology is an imprecise empirical 

discipline. Archaeologists are seldom unquestionably sure of the 

inferences they advance about the past. This uncertainty has much to 

do with the nature of the phenomena archaeologists study and the 

methods, some more "disciplined" than others, that are used to 

investigate archaeological phenomena. And while archaeologists 

continue to agonize over where imprecision lies and how it may be 

eliminated (Clarke 1973), there is little doubt that the use of 

qualifiers such as "probably" or "maybe" will continue to appear 

regularly in the archaeological literature for some time to come. 

Nowhere is imprecision more evident than in settlement pattern 

studies. And again, while archaeologists continue to argue and 

speculate about the sources of imprecision and how they may be averted 

(Trigger 1968, Chang 1974, Plog 1974a, Sullivan and Schiffer 1978), 

there is little substantive progress apparently (Parsons 1972). I 

mention these things because this study can be placed within the 

growing set of investigations concerned with measuring and interpreting 

the variation of prehistoric settlement systems. 

1 
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More specifically, the geographical setting of this study is the 

environmentally diverse Transition Zone (Lowe 1964) of east-central 

Arizona. The data base consists of 34 sites which represent the 

remains of settlements occupied and abandoned before A.D. 1150. Using 

these resources, I will attempt to unravel the various aspects of 

settlement variability that are responsible for producing the charac

teristics of these sites as they are observed today. The contribution 

of this study, then, resides in the development and testing of methods 

to reduce the uncertainty and increase the precision of conclusions 

advanced about prehistoric settlement variability. These considerations 

are part of a plan for investigating a major problem in settlement 

archaeology (see below). The remainder of this chapter is devoted to 

discussing the nature and implications of this problem for settlement 

archaeology, a history of its treatment by Southwestern archaeologists, 

and an outline of how this study will attempt to resolve the problem. 

A Problem in Settlement Archaeology 

At the conclusion of his masterful review of the history, 

theory, and method of settlement pattern studies, Parsons (1972:146) 

concluded that our "ability to infer the function of artifacts and 

artifact classes of all kinds (e.g. tools, structures, sites) is perhaps 

the most fundamental problem within settlement pattern archaeology." 

There can be no disagreement with Parsons' claim and its general 

implications for determining the structure of prehistoric settlement 

systems (Parsons 1972:146). However, I think it can be argued 

persuasively that while an understanding of function is essential as a 
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step toward inferring the nature of settlement systems, it must be 

coupled with a more complete understanding of the other factors which 

contribute to settlement variability. 

The factors which influence settlement variability include both 

settlement function and the nature of the occupational history of a 

settlement. The determination of settlement function is generally 

construed to mean an inference or set of inferences about the nature of 

activities once conducted at a settlement (cf. Chang 1962, Binford and 

Binford 1966). Occupational history refers to how long and how 

intensively a settlement was occupied. Thus, settlement variability 

results from functional variability and occupational variability. It 

can be seen that several settlements may be functionally equivalent but, 

due to differences in occupational variability, exhibit quite different 

sets of characteristics to the archaeologist. 

It is interesting to point out that, by and large, the typologies 

used by archaeologists to describe and discuss variation in past 

settlement systems are almost exclusively functionally oriented 

(Binford and Binford 1966, Wilmsen 1968:28, SARG 1974, Lankford and 

Stickel 1976). Chang (1962) and Beardsley et al. (1956), however, 

have developed typologies which incorporate some aspects of both 

functional and occupational variability. Agreement on a working 

notion of settlement types is essential for constructing models of 

settlement systems because variation in types through time or over space 

is the basic information used to describe the structure of the extinct 

systems (Chang 1974, Willey 1968, see also Campbell 1968, Binford 1980). 

For these reasons site types should be based on both functional and 
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occupational information since these are the primary factors which 

contribute to settlement variability and, therefore, to settlement 

system variation. In fact, it is empirically demonstrated (Chapters 6 

and 7) that functional variability may make only a modest contribution 

to settlement variability. Occupational variability seems to represent 

the major factor influencing settlement variability and site charac

teristics. 

The problem facing settlement archaeology, and the one this 

study attempts to resolve, is to determine the nature of settlement 

variability by controlling for the effects of both functional and 

occupational variability. This is clearly a significant methodological 

challenge. A general approach to this problem is outlined below. Prior 

to that it is necessary to discuss several preliminary topics: (1) 

concepts of occupational variability, (2) a history of how Southwestern 

archaeologists have provided evidence for occupational variability, 

(3) the effects of occupational variability on the production of site 

characteristics, and (4) research design. 

Concepts of Occupational Variability 

The basic unit used to describe occupational variability is 

the occupational episode (OE). An OE is the interval between initial 

occupation of a settlement and abandonment. Variation in OEs is 

dependent on two variables, span and intensity, which are also 

independent of one another (see Wilmsen 1968:28). Occupation span 

refers to the duration of an OE. Butzer (1971:404) suggests that 

settlements can be categorized on the basis of duration as follows 
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(cf. Beardsley et al. 1956): (1) ephemeral (occupied for days), (2) 

temporary (occupied for weeks), (3) seasonal (occupied for months), (4) 

semipermanent (occupied for years), and (5) permanent (occupied for 

generations) (see also Murdock 1967:159). Unfortunately, no criteria 

are provided to distinguish between these categories (but see Dickson 

1979:125). Beardsley et al.'s (1956) scheme contrasts strongly in this 

respect, since a series of criteria based on duration of occupation 

is provided to distinguish between settlement types. 

A distinction can be made between the duration of settlement 

use (DSU) and the duration of an occupational episode (DOE). For 

example, a particular location may be used intermittently over a con->-

siderable period of time (Varner 1967:53). The cumulative range of this 

use (in years) would represent the DSU while the length of each occupa

tional episode (in years) would represent the DOE. An example of such 

an occupational process has been documented for the San of the Kalahari 

Desert, who return to the same nut-extracting location year after year 

and remain there on only a seasonal basis (Yellen 1977:53; for the 

Apache see Goodwin 1969:44; for the Owens Valley Paiute, see Steward 

1938:255-256). If, however, a settlement location was used only once, 

abandoned, and never used again, then DSU would equal DOE (for an 

example, see Binford 1978). 

The variable called intensity has never been defined adequately 

although it is used frequently (e.g., McPherron 1967:265, Munday 1976). 

It is useful to view intensity as being a function of group size per 

occupational episode (Ragir 1967:192; see also LeBlanc 1978:49), 

controlling for the nature of the activities performed at a settlement 



location (see Bettinger 1979), thereby taking into account possible 

functional differences between settlements (Marks and Freidel 1977:133) 

Given these considerations, then, differences in the intensity of 

settlement occupation can be viewed simply as differences in the 

activities performed per person per unit of time Ccf. Odell 1980:416). 

With these concepts, it is possible to discuss the evidence 

that Southwestern archaeologists have used to support their conclusions 

about occupational variability. The following treatment is organized 

around several themes that pertain to changing research emphases in 

the history of Southwestern archaeology. 

The Evidence of Morgan and Bandelier 

After the publication of Ancient Society, Lewis H. Morgan 

journeyed to southwestern Colorado and the Upper Rio Grande Valley to 

observe the remains and the present condition of his Middle-Period 

Barbarians (Morgan 1881, White 1942). To document the history of human 

progress and discover "the laws which govern this progress" (Morgan 

1881:xxv), Morgan argued that the analysis of architecture and 

household structures would provide the evidence to confirm his 

evolutionary theory (Morgan 1881:vi). But as a result of his journey, 

Morgan quickly became aware of the complexity of the San Juan district, 

most notably "its numerous ruins" (Morgan 1881:192; see also Morley 

1908:596). Thus, while the high site density in Chaco Canyon and in 

Colorado provided some evidence for his theory, it also presented a 

problem. How could these numerous settlements be explained? Morgan 

(1881:192-193) invoked population pressure and subsequent migration as 
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working hypothesis. This hypothesis simultaneously explained two 

phenomena: (1) the large site inventory and the occupational history 

of the 4-Corners area and (2) the spread of the advanced culture of 

the Middle-Period Barbarians to the Mississippi Valley, Mexico, and 

Central America, which Morgan (1881:223) viewed as a natural process 

following the expansion of pueblo communities. 

Morgan essentially used only architectural evidence to support 

his conclusions concerning the archaeological variability of the 4-

Corners area. Adolf Bandelier, however, as a result of making 

observations throughout the Greater Southwest, used at least four 

lines of evidence to formulate a seriation of pueblo ruins: (1) 

architecture, (2) pottery, (3) mythology, and (4) environmental 

setting (Bandelier 1882:9). As Wilcox (1976) has noted, Bandelier's 

scheme provided the basis for relative dating of pueblo ruins and for 

inferring changes in prehistoric social organization for more than half 

a century. 

But there are additional aspects of Bandelier's work that have 

implications for the problem this study investigates. Bandelier 

(1884:84) concluded that not only were sites "successively and not 

simultaneously occupied by the same people," but that "it is scarcely 

probable that two or more kinds were inhabited at the same time in 

one and the same district." Clearly, Bandelier was trying to reduce 

the variability that had to be accounted for by arguing that all pueblo 

ruins are not contemporaneous. In addition, he argued that the occupa

tion of certain regions "has not been of long duration" (Bandelier 1892: 

577). 
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Having attempted to explain the "unbroken chain of ruins" from 

Colorado to Cuzco in terms of temporal and occupational variability, 

Bandelier interpreted the overall development of these prehistoric 

societies in terms of Morgan's theory (Wilcox 1976). This is to be 

expected since Bandelier was essentially Morgan's disciple (White 

1942:1-3). But in terms of his archaeology Bandelier's contributions 

lay in (1) expanding an appreciation for the sets of evidence 

available to the archaeologist, (2) arranging archaeological data to 

support a variety of conclusions, and (3) suggesting that regional 

variability may be a function of both temporal and occupational 

variability. 

Mindeleff's Contribution 

In my opinion, however, it was Cosmos Mindeleff who brilliantly 

perceived the consummate problem of Southwestern archaeology—the 

problem indirectly investigated by Morgan and Bandelier, Cushing (1890), 

and the one this study addresses. Mindeleff's (1900:639) concise 

statement of the problem is quoted in toto: 

Of the many problems which perplex the student of the cliff 
ruins and other house ruins of pueblo origin in the South
west, two are of first importance and overshadow all the 
others. These are (1) the enormous number of ruins 
scattered over the country and (2) the peculiarities of 
ground-plan and their meaning. These two phenomena are 
so intimately connected that one can not be understood or 
studied without the other. 

Mindeleff was distressed by the fact that previous analyses and 

interpretations of pueblo architecture had been rather superficial, 

stressing only "the external appearance of ruins" (Mindeleff 1900:640; 

although Mindeleff is making rather obvious reference to Morgan's and 
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Bandelier's works, and perhaps even Fewkes1, this is difficult to 

substantiate from the literature which Mindeleff cites). Like Fewkes 

(1891:97), Mindeleff (1900:640) argued that basic changes in settlement 

and subsistence patterns, which also signaled major changes in social 

organization, could be profitably used to understand the number and 

variation of sites in the Southwest. More importantly, Mindeleff was 

calling for the examination of new data sets (new bodies of evidence) 

to support conclusions about the length of settlement occupation, 

occupational intensity, and in many cases, settlement population. 

The evidence which Mendeleff employed in his arguments con

sisted of observations about the construction sequence and debris 

accumulation of puebloan ruins. For example, using data from a site 

near Moenkopi Pueblo, he suggested that 

The continuity of the wall line and comparative regularity 
of the rooms within each cluster, the uniformity in height 
of the rooms, which, if the debris upon the ground may be 
accepted as a criterion, was one story, and the general 
uniformity in the characteristics of the masonry, all 
suggest that the site was occupied a short time only. This 
suggestion is aided by the almost complete absence of 
pottery fragments (Mindeleff 1900:648). 

In comparison, when the same categories of evidence were applied to 

Hawikuh, a conclusion of a much longer occupational sequence was 

supported. Noting that 6 or 7 house-clusters could be detected at 

Hawikuh, Mindeleff (1900:650) argued that "Dense clustering such as 

this, indicates prolonged occupation by a considerable number of 

people, and probably two centuries at least would be required to 

produce such a plan." As an aside, it is interesting to note that 

like Morgan, Bandelier, and Fewkes, Mindeleff postulated that clan 



aggregation was the mechanism responsible for the shift from unit-type 

to aggregate pueblo settlements. 

However, Mindeleff (1900:644) clearly appreciated the implica

tions of temporal and occupational variability for the formation of 

the archaeological record: "It will thus be seen that a comparatively 

small band might in the course of a few centuries leave behind them the 

remains of many villages." His model was provocative in that it 

explained both the high density of sites in the Southwest and their 

highly variable characteristics. In addition, it influenced all 

subsequent research in the Southwest, especially the selection of 

evidence to explain archaeological variability. 

The large-scale extensive surveys conducted by Prudden (1903) 

and Hough (1903) used essentially the same data sets as Mindeleff to 

explain site variation, but emphasized certain site characteristics 

over others. For example, Hough (1903:298) on observing the Pottery 

Hill ruin suggested that the "debris of house refuse is enough to show 

lengthy occupation of the site." He notes that a thin layer of debris 

on the large ruin near Show Low is evidence that "the pueblo was 

inhabited only for a short time" (Hough 1903:301). Both the Show Low 

and Pottery Hill sites are large, late Pueblo III and Pueblo IV ruins. 

However, for the comparatively small (and probably earlier) McDonald's 

Canyon ruins south of St. Joseph, Hough (1903:303) notes that the 

"debris is sufficient to indicate the occupation of these villages for 

a somewhat extended period, perhaps two generations." And again, the 

large masonry ruin near Adamana was interpreted as a settlement of short 

occupation because of "the scanty debris and the almost entire absence 



11 

of pottery fragments" (Hough 1903:317-318). Although Hough was clearly 

aware of the effects of scavenging on the content of puebloan sites, 

this did not prevent him from using the relative accumulations of 

debris as the essential evidence for his interpretations about the 

occupational variability of large puebloan ruins. Unlike Morgan, 

Bandelier, Fewkes, and Mindeleff, Hough downplayed (if not outright 

ignored) differences in architectural complexity as possible evidence 

for occupational variability. 

What is most interesting is that Hough's (1907, 1914) later 

publications make no mention of occupational variability, even though 

he routinely recorded variation in debris accumulation and architectural 

complexity. The focus of Hough's research has turned to temporal 

concerns. For example, in commenting on the ruins of the Los Lentes 

Valley, he notes that "the ruder pit-dwelling tribes of the valley were 

superseded by tribes from the south, who built rectangular pueblos of 

stone" (Hough 1907:63). 

Mindeleff's influence can be seen in T. Mitchell Prudden's work, 

although Prudden focused almost exclusively on architectural variability 

in his research. While the implications of Prudden's (1903) unit-type 

pueblo concept were wide-ranging (Wilcox 1976), he was interested 

mainly in establishing settlement contemporaneity, thus explaining only 

an uncertain amount of the archaeological variability of the San Juan 

country. While Prudden (1903:231) admitted that occupational 

variability might be indicated by "distinctively different structural 

types of buildings," the only evidence he offers is in terms of 

deviations from the ideal unit-type pueblo. Commenting on a "degenerate" 
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form of the unit-type, Prudden (1903:242) notes that the "impression one 

gains from these ruins is of hasty and careless construction and of 

relatively brief occupancy." No additional evidence is supplied to 

support this conclusion. 

A Decline of Interest 

As Southwestern archaeologists became increasingly convinced 

that much of the archaeological variability they observed could be 

explained primarily in historical terms, explicit consideration of the 

effects of occupational variability on site variability declined. For 

example, Nelson's (1914) early work in the Galisteo area of New Mexico 

was clearly aimed at solving Mindeleff's twin problems in t^rms of both 

temporal and occupational variability. His ambitious research design 

for understanding Tano prehistory stipulated that "it will be imperative 

to locate all the prehistoric ruins, to determine their size, the 

relative duration of their occupancy, their relative antiquity, and the 

relation, if possible, of the oldest sites to the preceding small 

pueblos" (Nelson 1914:33). In a massive excavation project, Nelson 

accumulated a variety of evidence to support conclusions about the 

problems he enumerated. It is useful to list his sets of evidence: 

1. Number, size, and variety of refuse heaps. 

2. Superposition of buildings on refuse heaps. 

3. Burial of buildings under refuse heaps. 

4. Superposition of buildings. 

5. Re-cycling of discarded objects into later constructions 

(Nelson 1914:67). 



Since no two pueblos had identical characteristics in terms of these 

data sets, Nelson (1914:73) concluded, for example, that in comparison 

to Pueblo San Cristobal "Pueblo Largo cannot have been occupied for a 

very long period of time" since it lacked refuse heaps. Similarly, 

based on building sequences and artifact yields from 47 excavated rooms 

at Pueblo Colorado, Nelson (1914:79; see also 94) argued that this ruin 

"like San Cristobal, gives some evidence of having grown from small 

beginnings, and while the duration of its occupation cannot have been as 

long as that of San Cristobal, it was certainly longer than that of 

Largo." Nelson had clearly expanded the methods of Mindeleff and Hough 

in attempting to sort out how relative contemporaneity and occupation 

variability of these pueblos had implications for understanding the late 

prehistoric-early historic settlement shifts and population changes in 

the Galisteo Basin. 

However, in reporting on his subsequent extensive survey through 

the Tano country, Nelson (1916:160-161) makes only a couple of references 

to how occupational variability might affect interpretations of the high 

site density of the area. Nelson (1916:162) argued that only those sites 

"that bore evidence of long occupation" should be investigated, i.e., 

small "temporary" sites should be disregarded (Nelson 1916:160). 

Commenting on this strategy, Spier (1931:281) noted that Nelson's survey 

of Tano ruins only "established their relative time relations, not the 

duration of their occupation or their antiquity in terms of years." This 

marked shift in explicit consideration of the effects of occupational 

variability that we see in Hough's and Nelson's works can also be illus

trated in Spier's (1917, 1918, 1919) study of the Zuni and Upper Little 

Colorado areas. 
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Following closely on the work of Kidder (1915) on the Pajarito 

Plateau and of Kroeber (1916) at Zuni on the problem of documenting 

prehistoric-historic pueblo continuity, Spier (1917) published the re

sults of an eixtensive survey, surface collection, and excavation project 

on the Zuni Reservation. Like Mindeleff, Hough, and Nelson, Spier (1917: 

281ff.) was concerned with accounting for the effects of occupational 

variability on the materials he would subsequently use in a statistical 

treatment of chronological relations. However, the evidence Spier 

offers for his conclusions about occupational variability is not as 

comprehensive nor as relevant as Nelson's evidence. Spier (1917:221, 

234, 245) relied almost exclusively on the relative accumulations of 

"ash heaps" as his primary data. Thus, thin or widely scattered ash and 

debris were evidence of a settlement occupied for a relatively short 

period of time (Spier 1917:277). This would be an accurate statement 

save for the lack of comparability between the settlement history of the 

Upper Rio Grande and the Zuni area, which limited the use of the kinds 

of evidence that Nelson had found so valuable. Spier's (1917:253) per

ception of the comparability problem led him to a major conclusion 

regarding the occupational history of the Zuni area: 

The applicability (of Nelson's methods) to the Zuni ruins 
was strictly limited by the shallowness of the refuse heaps 
at most of the ruins. . . . This is in itself a fact of 
some significance, for the necessary deduction is that the 
occupation of the ruins, large and small, was transitory. 

Despite these drawbacks Spier managed to obtain sufficient mate

rial from 100 sites (167 proveniences) to rank them temporally in terms 

of percentage variation of major ware categories. Having established the 

time relations of the Zuni ruins, Spier (1917:300) coupled these data to 
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his observations on site occupational variability (using refuse heap 

criteria) and concluded that the large number of ruins on the reservation 

was due to "a constant movement in the valley, a sort of milling around." 

Spier wanted to determine more precisely how population centers 

had shifted through time, so as to trace the history of Zuni migration. 

This concern formed the research design for his Upper Little Colorado 

(Spier 1918) and White Mountain (Spier 1919) surveys. But interestingly 

enough, Spier never again interpreted site variability in terms of 

occupational variability (even though he made numerous observations 

about refuse piles). Clearly, Spier's interest had shifted to 

chronology building and cultural-historical reconstruction. More 

importantly, however, as a result of his extensive surveys Spier (1919) 

had encountered a new problematic site type not found on the Zuni 

surveys—''the potsherd site." Thus, explicit attention had to be 

directed to understanding the place of non-masonry remains within the 

context of Southwestern prehistory. By necessity, it was time for a 

bold comprehensive picture of Southwestern archaeology to be advanced. 

By this time, conclusive stratigraphic evidence had accumulated 

from the Zuni area (Spier 1917), the Reserve area (Hough 1919; see also 

Hough 1907:63), and the Kayenta area (Kidder and Guernsey 1919) that 

non-masonry sites were earlier and undoubtedly related to the later 

masonry ruins. This evidence came as no surprise to most workers since 

site typologies had been suggesting such a temporal relationship for 

some time (Bandelier 1882:9, Fewkes 1891:951, Hough 1903:346; see also 

Fewkes 1919). In trying to draw together and make sense of the 

evidence regarding pueblo continuity (prehistoric-historic), site 



variability (Colton and Colton 1918), and occupational and temporal 

variability, Nelson (.1919) produced the first comprehensive model to 

account for the archaeological variability of the puebloan and non-

puebloan Southwest. From this point onward, the importance of con

sidering the effects of occupational variability in understanding 

Southwestern prehistory was relegated a back seat to problems of time 

and cultural affiliation. The developmental models and taxonomic 

schemes to be discussed below include or strongly imply an element of 

occupational variability in their structure, but no evidence is offered 

to support these notions. 

Models of Southwestern Prehistory: Occupational Variability 
and Archaeological Systematics 

Nelson argued that the spatial distribution of all known 

ethnographic groups in the Southwest and a comparison of their traits, 

especially subsistence-settlement data, provided a model for under

standing pueblo history. More specifically, Nelson (1919:118), always 

the stratigrapher, suggested that "as we dig through the vertical 

series we pass gradually from Pueblo to Rancheria traits and from 

Rancheria to Nomadic traits as if we were traveling from the present 

center of Pueblo life out over the various zones to the Nomadic border." 

In an early application of the "age-area" hypothesis, Nelson (1919:119) 

was supporting temporal conclusions on the basis of spatial data and 

offered an evolutionary hypothesis for the prehistoric Southwest: "the 

Pueblo culture grew out of a Nomadic one." 

Nelson's model adumbrates subsequent conceptual thinking about 

pueblo history in at least two areas. First, his scheme laid the 



foundation for the Pecos Classification in terras of the order of the 

developmental stages: Historic Pueblo Culture (P V), Late Prehistoric 

Pueblo Culture (P IV), Ancient Pure Pueblo Culture (P III), Primitive 

Pueblo or Rancheria Culture (PI-PII), and Nomadic Culture (Basketmaker; 

the appropriate Pecos Classification stages have been added for 

clarification). Second, his working hypothesis for the development 

of Pueblo Culture, i.e., from nomadic hunters to sedentary agricultural 

tribes (Nelson 1919:120), implies a change in the duration of occupa

tion of settlements accompanying a shift in subsistence (for a 

contemporary statement see Rice 1975). No evidence is offered, 

however, for these conclusions save for vague references to archi

tectural and ceramic variability which are discussed in terms of clues 

to the overall sequence of occupation in the Southwest. 

While Nelson had provided the order of puebloan stages of 

development, Earl Morris supplied the characteristics of the stages (he 

called them periods; Morris 1917, 1921) and expanded the number of 

stages to seven. Morris' periods are enumerated, with appropriate 

Pecos Classification designations, to illustrate the links among 

Nelson, Morris, and Kidder : Basketmaker or Initial Period 

(Basketmaker II), Pre-Pueblo or Formative Period (Basketmaker III), 

Early Two-Color Painted Ware or Period of Development (Pueblo I), 

Late Two-Color Painted Ware or Period of Culmination and Redistribution 

(Pueblo II), Two-Color Glazed Ware (Pueblo III), Three-Color Glazed and 

Painted Ware (Pueblo IV), and Historic Two-Color Glazed Ware (Pueblo V; 

Morris 1921:22). Morris* scheme is based on a larger set of data than 

previous workers had considered. For example, he includes data on 



physical type (brachycephalic vs. dolichocephalic), diagnostic artifacts 

(bow and arrow, sandal types, etc.)> subsistence activities, archi

tectural variability (e.g., number and shape of kivas), and ceramic 

variability of course (Morris 1921:21-22). In short, it was an early 

Pecos Classification. But, like Nelson's earlier paper and Kidder's 

subsequent conference report, Morris (1921:21-22) only alludes to 

occupational variability and its consequences, noting for example that 

during the Basketmaker period populations were "essentially nomadic, 

without permanent dwellings, but undergoing transition to sedentary 

life." No other reference is made to evidence for occupational 

variability, though it is implied in discussions of architectural 

variability, especially the well-known shift from many small sites to 

a few big pueblos. 

Kidder's (1927) Southwestern Archaeological Conference article 

clarified nomenclature problems (Kidder 1927:490), identified major 

problem areas for future research (Kidder 1927:491), and made explicit 

the assumptions regarding the southern source of major culture elements 

(e.g., maize agriculture and ceramic manufacture) and the essentially 

autocthonous development of Southwestern Culture (Kidder 1927:489). 

Aside from these aspects, the formal Pecos Classification differed 

little from Morris' scheme. 

The impact of the Pecos Classification on Southwestern 

archaeology has been discussed by many workers from a variety of 

perspectives (Reed 1942, Taylor 1948, Olson 1962, Wilcox 1976). The 

Pecos Classification was clearly a convenient, and in many cases 

relatively accurate, scheme for sorting the archaeological variability 



of a region (e.g., Beals, Brainerd, and Smith 1945). Further, the 

systematics of the Pecos system simultaneously attacked Mindeleff's 

twin problems. That is, it provided the basis for determining the 

approximate contemporaneity of sites and, by virtue of the Pecos period 

characteristics, helped explain the dissimilarity of the ruins. But 

the seductive convenience of using the Pecos criteria as an explanatory 

model for site variability deflected explicit concern away from the 

difficulties involved in providing independent evidence for occupational 

variability and absolute contemporaneity (see Dean 1969:198). For 

example, Kidder (1927:489) speculated that "the newly acquired art of 

agriculture led to a more settled life and to the development of more 

permanent houses." This assertion still remains one of the major 

untested premises of the entire Pecos Classification. Similarly, 

Frank H. H. Roberts (1929:3-7, 1930:2-5, 1931:14-15), in numerous 

publications, noted in detail the characteristics of the Pecos system 

and his modifications to it (Roberts 1937). He cautioned against their 

inconstant use, stressing the point that "lag" in the diffusion of 

traits from donor areas could alter both the local content of stage 

criteria and affect chronological inferences (Roberts 1935:22; see also 

Roberts 1937:29). In addition, Roberts argued that occupational 

variability would be an important factor to consider only when hunter-

gatherer sites were being investigated. But his claim that the 

Basketmakers "did not occupy the caves continuously, since accumulations 

of refuse which would have resulted from permanent residence are 

lacking" (Roberts 1937:6) is weak since it is supported only by a 

negative generalization. In fact, it is rare to find evidence that 
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supports the supposed shifts in settlement occupation that accompany the 

various Pecos Classification periods. 

The limitations of the Pecos Classification were quickly 

realized in other domains as well. Not only was it restricted geo

graphically to the Northern Colorado Plateau almost exclusively, but 

several archaeologists argued that the blocks of time attached to each 

period were obscuring potentially significant cultural variation 

(Gladwin and Gladwin 1934, Gladwin 1942, Brew 1946; see also Willey 

1953:369). To overcome these shortcomings, two additional systematic 

schemes were developed. The dendritic system of Gladwin and Gladwin 

(1934) introduced the phase as a rather delimited time period that had 

cultural uniformity over a given geographical area (Olson 1962:459). 

Shortly thereafter, Colton adapted the Midwestern Taxonomic System 

(McKern 1939) and introduced the concept of "Phase-focus" (Colton 

1939:6) to describe shorter periods of time within the systematics 

framework of the Pecos Classification. 

These modifications to the Pecos Classification had several 

effects on the conduct of archaeological research in the Southwest. 

The new sub-period temporal units, the phase and the component, greatly 

facilitated regionally oriented projects in that tighter chronological 

control could be established for a wide variety of archaeological 

remains and for a variety of archaeological problems, especially those 

concerned with comparative development of prehistoric cultural 

entities (Colton and Hargrave 1937; Beals, Brainerd, and Smith 1945). 

Along these lines it is interesting to note that in many areas of the 

Southwest, since both the period of occupation and cultural affiliation 



of prehistoric sites could now be controlled somewhat, archaeologists 

noticed that there still was much variability that could not be 

accommodated within the prevailing systematic schemes (e.g., Brew 

1946). Thus, after exhausting the major explanations for site 

variability archaeologists were forced, indeed compelled it seems by 

the process of elimination, to suggest that occupational variability 

might have had a role in producing the characteristics of the sites 

being examined (Danson 1957:42, 77; see also Beals, Brainerd, and Smith 

1945:86). 

Interestingly enough, several workers turned the systematics 

question on its head and explored instead the implications of occupa

tional variability for the development of more precise chronological 

controls (Ford 1962:41). For example, in attempting to support his 

view of the phase concept and to forcefully argue the case for the 

Sinagua Branch, Colton (1946:18) suggested that phase criteria should 

be devised in terms of ceramic groups, defined "as an assemblage of 

contemporary, usually painted, pottery types recognized at a site of 

short occupation" (see also Colton and Hargrave 1937:195-196; Wendorf 

1953:7; Pilles 1969:98; Rice 1975:159, 170). Further, in his 

report Colton (1946:298-299) suggested at least three lines of evidence 

that should support conclusions of short settlement occupancy: 

1. Amount of trash discarded. 

2. Presence of a single ceramic complex. 

3. Lack of stratigraphy in trash deposits. 

For the first time since Spier's (1917) Chronology of Zuni Ruins, 

archaeological evidence had been offered to support conclusions of 
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occupational variability independently of the systematics used to place 

a site in time. 

Determining Occupational Variability in the 
Southwest: Beyond Systematics 

In many instances the pre-Pecos tradition of assembling 

independent archaeological evidence for occupational variability has 

been productively implemented. With respect to the very important 

problem of documenting and explaining the transition to sedentism, 

Haury (1962:115) noted that the "vast accumulations of grinding stones 

in stations of the Cochise Culture, as exemplified in the Cave Creek 

site (Sayles and Antevs 1941:17), and the considerable accumulation of 

refuse strongly hint at localized and perhaps near-continuous 

residence." Haury forcefully argued that the shift to "settled village-

life" has indisputable consequences for site variability. For example, 

he notes that the energy invested in the digging of Mogollon house 

pits, sometimes through solid sandstone as at the Bluff Site and the 

Twin Buttes Site (Wendorf 1953), is evidence that these settlements 

"were not temporary camps" (Haury 1962:118) but were characterized by 

occupation spans of significant duration. 

The archaeological potential of the important Bluff Site 

(Haury and Sayles 1947:9) was based on the presence of burned rock 

middens as an indication of prolonged occupancy. In contrast, the Bear 

Ruin was supposedly a settlement occupied for a relatively brief period 

of time given the lack of significant debris accumulation (Haury 1940: 

17-18). Similarly, Wendorf (1953:43) concluded that the Flattop Site 

was only seasonally occupied given the absence of interior house 
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fire-hearths. The Twin Buttes Site, on the other hand, was occupied 

for a longer period of time, apparently continuously, given the 

accumulation of trash deposits and "repeated occurrences of superposi

tion of trash deposits and burials" (Wendorf 1953:123). It is 

interesting to note that the evidence (see also Gumerman 1975:111; 

Wilcox 1975; Ward 1976:39, 95; and see Dean 1969) we see in these 

studies marks a return to that advanced by Mindeleff, Nelson, Spier, 

and Hough to support their conclusions about occupational variability. 

Along with the recent trend to return to the acquisition of 

"traditional" evidence for occupational variability, there has been 

an accompanying trend to explore new data sets. For example, Barrera 

(1969:108) arrived at the following interpretation of a Desert Culture 

site in northern Arizona: "That this site was more than just a 

temporary campsite is evidenced by the variety of chipping materials, 

some of which were probably brought to the site, the quantities of 

chipping debris, and the abundance of utilized flakes." In a similar 

study, Harrill (1972:174) inferred that a site in the Petrified Forest 

had "functioned in the capacity of a field house or a food processing 

area intermittently occupied over a long period of time." The evidence 

for this conclusion consisted of several features and an assessment of 

assemblage content. Recently, LeBlanc (1978:49) has suggested that "we 

take the density of sherds and lithics to roughly represent the 

intensity of occupation (man-days)." Along these same lines, Green 

and DeBloois (1978:77) have argued that differences in quantities of 

occupational debris are indicative of differences in DSU. 
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One major conclusion can be drawn from this review of the 

evidence used by Southwestern archaeologists to infer occupational 

variability. If information regarding architectural sequences or 

features is not available, the evidence advanced for occupational 

variability of prehistoric settlements is often ambiguous. Can "thin" 

scatters of debris (see Beardsley et al. 1956) always be interpreted 

the same way, that is, produced by "ephemeral" settlements of short 

duration and/or low intensity (Taylor 1972:168-169)? Are the criteria 

for "thin" always the same? When do the characteristics of a site 

permit the inference of long duration and high intensity of occupation? 

These questions illustrate a problem in archaeological interpretation. 

The problem is that there is a lack of clearly definable and definite 

relations between occupational variability and archaeological site 

characteristics. A theoretical discussion of this problem may provide 

a basis for understanding the causes of the ambiguity between inference 

and evidence. 

Archaeological Consequences of Occupational Variability: 
A Theoretical Treatment 

It is useful to frame the following discussion by labelling the 

status of some variables and then examining the interaction between them. 

Occupation span and intensity can be considered independent 

variables in that their variation affects or has causal consequences for 

the formation of archaeological sites (Hassan 1978:60). Variation in 

dependent variables (see below) represents the evidence that the 

archaeologist uses to conclude that occupation span or intensity, or 

their combined effects, are responsible for the variability of the 
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archaeological phenomenon being observed (Hassan 1978:89). Unravelling 

the contribution of the independent variables as a step in understanding 

the nature of settlement variability is a complex inferential task 

(Sullivan 1978a). This task is made doubly difficult because occupa

tional variability affects the variation of two major classes of 

archaeological information: (1) assemblage characteristics and (2) 

nonassemblage characteristics. 

There are few empirically confirmed generalizations about the 

effects of occupational variability on assemblage variability. 

Schiffer (1975) has argued, on a theoretical basis, that assemblages 

should become more complex and more differentiated the longer a 

settlement is occupied (see also Powell and Klesert 1980:368). Perlman 

(1977:34) has argued that with an increase in occupation span or 

intensity, assemblage content will become more complex: "the number of 

artifact categories and the number of artifacts per category should 

increase." The underlying theme of these and other discussions (Yellen 

1977; see also Whallon 1978) is that as the set of maintenance (and 

other) activities needed to sustain a group increases the longer a group 

remains at a settlement, tool inventory and assemblage variability will 

necessarily increase also (see Read 1974:216-217; Judge 1973:308-311, 

331; Binford 1980). The effects of occupational variability on 

assemblage variability, then, are rather straightforward. 

Nonassemblage variables include site size, density of occupa

tional debris, and distribution of occupational debris. These 

variables respond to occupational variability in indefinite ways (see 

Isaac 1968:257). For example, on the basis of detailed analyses of 



nonassemblage variability of several rock shelters in northwestern 

Oklahoma, Henry et al. (1979:223) concluded that the "direct relation

ship between artifact densities and intensities of occupations, . . ., 

may be obscured by both cultural and natural factors." The implica

tions of their understated conclusions for the general problem of 

interpreting nonassemblage variability in terms of occupational 

variability are clear and can be expressed in interrogative form. 

Does an increase in DOE result in an increase in site size exclusively? 

Or does it result in an increase of another nonassemblage variable 

and/or several of them? Is there an increase in one variable and a 

decrease in another (cf. Henry et al. 1979:235)? 

One fundamental problem can be abstracted from these discussions. 

Similar site characteristics can be produced by differences in settle

ment variability. This explains why the evidence frequently offered 

for occupational variability is ambiguous. Many alternative interpreta

tions can be supported by the same data (Jelinek 1977a:17-20, Bettinger 

1979:354). 

Some Basic Research Design Considerations 

A significant problem in archaeological methodology must now be 

addressed. Since there are few reliable relationships which obtain 

between occupational variability and site characteristics (especially 

for nonassemblage variables), how can the effects of occupational 

variability be separated from other factors which contribute to site 

variability? 
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The basic strategy adopted in this study is to "control" and 

eliminate the effects of alternative sources of variability, such as 

site function, and assume that the residual variability is due to the 

effects of occupational variability. This can be accomplished in 

several stages. The different stages represent in effect a plan of 

investigation—a research design—for controlling for various kinds of 

variability. Each stage in this research design incorporates an 

appropriate method. 

At the outset, it is necessary to control as many "situational" 

variables as possible. Accordingly, the set of sites to be the focus 

of this study should be selected with several criteria in mind. First, 

the sites should all be located in the same environmental zone. This 

criterion eliminates the possibility that assemblage differences reflect 

differences in activities designed to take advantage of variation in 

the availability of natural products of the environment (Plog and Hill 

1971, Zubrow 1975, Doelle 1976, Findlow and Deatley 1978). Second, in 

order to eliminate the effects that different group traditions have on 

site content (McGregor 1941:274ff., Haury 1958, Morris 1970), the sites 

should be of the same cultural affiliation (see Schiffer 1975:268). 

And third, sites should be selected which have similar properties. 

Thus, in the best of all possible situations, it would be ideal to 

discover a set of sites, in a single environmental zone, that exhibited 

no evidence of belonging to different traditions and represented the 

same general stage of development or adaptational strategy (that is, the 

set of sites should not include masonry and non-masonry sites or 

represent Archaic and Puebloan cultures; see Colton 1933, Nicholson 



1958:1190-1191, Moseley and Mackay 1972, Judge 1973:9, Smith 1978:13). 

Fortunately, an area was located that contained a sufficient set of 

sites with these characteristics (see Chapter 2). 

The second stage of this strategy is to ensure intersite 

comparability of both assemblage and nonassemblage data sets. This 

calls for the design of appropriate sampling and collection strategies 

since surface materials are the primary data for this study (Chapter 3). 

The third stage is an exploratory analysis. An attempt is made 

to determine if consistent associations exist between nonassemblage 

variables (cf. Henry et al. 1979:223). If these analyses are 

successful, then variation in nonassemblage variability can be 

interpreted in a more enlightened manner. At the least, a series of 

inductive conclusions can be drawn and tested further with assemblage 

data (Chapters A and 5). 

The fourth stage is to control for site function. This is 

accomplished by examining lithic assemblage variability to determine 

if technology and patterns of utilization differ between sites 

(Chapter 6). 

Finally, if these strategies are successful, meaning that 

various sources of variability have been controlled, then it can be 

assumed that any residual variation is attributable to occupational 

variability. At this point, it will be possible to meaningfully 

discuss past settlement variability (Chapters 7 and 8). 



29 

Contingency Rules for Inferring 
Occupational Variability 

This general research design is an optimistic one. Even if the 

effects of various sources of variability have been controlled, there is 

a good possibility that no guidelines or "principles" for interpreting 

nonassemblage variability will emerge. Anticipating this possibility, 

it is necessary to propose some simple guidelines that can be used in 

inferring occupational variability from nonassemblage variables. Here 

the basic strategy is to use traditional methods of inductive inference 

(Salmon 1967), especially the comparative method. Inferences concerning 

occupational variability of settlements will be drawn by comparing 

similarities and differences of nonassemblage variables (cf. Thomas 

1973:170). For example, after controlling for functional variability, 

variation in site size is probably related to DSU. As LeBlanc (1978) 

has reasonably suggested, density of occupational debris might be an 

indication of intensity of occupation (Beaudry 1979:30; see also Powell 

and Klesert 1980:368). The interpretation of variation in the 

distribution of occupational debris is rather problematic. Based on 

his Reese River data, Thomas (1973:170) asserted that "the artifacts 

resulting from habitation activities are in a much more clumped 

distribution than those of the task groups." However, it is also true 

that "clumped" or concentrated distributions also result from 

specialized tasks conducted at high intensity (see Newcomer 1971, White 

and Thomas 1972). Variation in the distribution of occupational 

debris is probably related to settlement function, intensity of 



occupation, or may reflect a difference between single and multiple OEs 

(see Taylor 1972:168; see also Pilles 1978). 

I wish to emphasize that these are only inferential guidelines. 

In later chapters, it will become all too clear that even when these 

guidelines are used somewhat extensively, inferences about occupational 

variability will appear to straddle the boundary between strong 

induction and well-reasoned speculation. Thus, while this study may 

reduce some of the imprecision about inferring the nature of past 

settlement variability, some of the evidence may still be viewed as 

ambiguous. In fact, ethnoarchaeological investigation of some of the 

processes affecting settlement variability may represent the only 

method for eliminating much of the ambiguity in our evidence about past 

settlement processes. All of this discussion and presupposition about 

uncertainty in archaeology only reinforces Nelson's (1919:115) 

forthright statement concerning the purpose of research in Southwestern 

archaeology: "We have entered the field not so much to recover specimens 

as to solve problems." 



CHAPTER 2 

THE PITIFUL FLATS LOCALITY 

Introduction 

This chapter provides an introduction to the study area and to 

the nature and extent of archaeological survey operations conducted 

there. The chapter is divided into two major sections. The first 

section is a discussion of survey procedures and site-definition 

criteria. This section concludes with a discussion of the results of 

the survey and an argument for why the study area, known affectionately 

as the Pitiful Flats locality, was selected for further investigation. 

The second section evaluates the nature of the cultural resources and 

environmental characteristics of Pitiful Flats as regards their 

suitability for investigating differences in settlement variability. 

The Survey Design 

The survey design for this study consisted of two stages. 

Because so little data were available on the factors influencing 

survey design (Schiffer, Sullivan, and Klinger 1978), the first stage 

of the survey was simply a general reconnaissance. Based on the 

information produced from the general reconnaissance, a second stage 

of high-intensity survey of a single locality was conducted. The 

procedures and results of each stage are discussed in detail. 

31 



32 

Stage 1: General Reconnaissance 

It was thought that a reasonable place to begin searching for an 

area that could satisfy the research design criteria was the territory 

located approximately halfway between Grasshopper ruin (Thompson and 

Longacre 1966) and the contemporary Apachean community of Cibecue (see 

Basso 1970; see Figure 2.1). This area was located at the eastern 

boundary of the area leased to the University of Arizona Archaeological 

Field School by the White Mountain Apache Tribal Council for scientific 

purposes. The basic strategy was to survey this area rapidly and, if an 

insufficient number of sites which fulfilled the research design 

criteria was encountered, a decision to shift the locus of investigation 

farther to the west could be made early in the field season. Thus, the 

data obtained from the first stage reconnaissance would be critical in 

framing decisions for subsequent research activity. 

In addition, this area was chosen for survey because several 

survey units of a previous study (Tuggle 1970) had been located here 

and had produced interesting site data in terms of the present problem. 

It was noted (Tuggle 1970:31) that with the exception of two archi

tectural sites, which date to late P III times, the most frequent 

site type was the artifact scatter. I reasoned that if more of these 

sites of the same period could be located in the same environmental 

zone, they would represent an ideal laboratory for investigating 

settlement variability since the effects of time and perhaps of 

significant population fluctuation could be controlled (see Chapter 1 

above). Thus, Tuggle's field observations led to the design of a survey 

strategy to locate sites with these characteristics in mind. 
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The intent, then, of the Stage 1 survey was to provide some 

basic information about site inventories of the Spring Creek, Spring 

Ridge, and Pitiful Flats localities (see Figure 2.2). Since each 

locality has a different set of environmental characteristics, it was 

thought that perhaps the nature of the cultural resources would vary 

accordingly. It had to be determined empirically if a sufficiently 

large number of sites with similar sets of characteristics occurred 

within each locality. The rationale for this strategy was to control 

as many extraneous variables as possible yet still have an adequate 

number of sites to investigate. The first major problem to arise was 

site definition, i.e., what features must a deposit exhibit for 

inclusion into the set of "site" versus the set of "not-site" (as 

opposed to non-site; see discussion of non-site below). 

Stage 1: Site Definition 

To dismiss site definition as a pseudo-problem is to evade the 

issue. Our knowledge of past phenomena such as subsistence and 

settlement systems, population density, and culture change is dependent 

on how site inventories are generated. Thus, the creation of a 

meaningful working definition of "site" is a valid methodological 

problem and involves consideration of several factors. 

To begin, sites are aspects of the regional archaeological 

record which can be defined as a "more or less continuous distribution 

of artifacts over the land surface with highly variable density 

characteristics" (Dunnell and Dancey n.d.:9; see also Rice 1975:121). 

This view aptly characterizes the archaeological record of the western 
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portion of the White Mountain Apache Indian Reservation, as several 

surveyors have noted (Tuggle 1970, n.d.; Spain n.d.; personal observa

tion). There is occupational debris literally everywhere, so the 

problem of site definition is especially acute. But unlike Dancey 

(1974), the Stage 1 survey was not designed to locate isolated 

artifacts. Such an approach is useful in studying the formation 

processes associated with loss (Fehon and Schultz 1978) and breakage 

and other "non-site" behavioral phenomena which focus on the distribu

tion of individual artifacts (Thomas 1975; Doelle 1975, 1976). However, 

in terms of the present problem, defining sites by the occurrence of 

isolated material would be relatively uninformative. The investigation 

of occupational processes necessitates that non-site phenomena (that 

is, isolated artifacts) be excluded from consideration in compiling 

site inventories. So, following Jelinek (1967:41), "isolated artifacts 

or a very few flakes or sherds were not given site designation." 

However, regardless of these theoretical arguments, the basis 

for practical field decisions was still unclear. The solution lay in 

considering the site-problem match (Reid 1975). A locus of debris was 

evaluated in terms of whether it could potentially provide data about 

the nature of the occupational process responsible for its formation. 

This evaluation was based on two problem-specific considerations which 

were designed to facilitate statistical analysis and intersite com

parisons. Thus, a deposit was designated a site if it was (1) suffi

ciently discrete and extensive to accommodate the sampling and 

provenience systems (see Chapter 3), and (2) exhibited sufficient 

material for meaningful statistical analysis. If a deposit did not 



satisfy both of these criteria, it was not designated a site. Thus, 

site definition was based on the interpretive potential of the deposit 

(see Plog, Plog, and Wait 1978:389 for an excellent discussion of these 

notions; see also Williams, Thomas, and Bettinger 1973:225-226). This 

approach avoids the problem of non-operational and arbitrary site 

definitions, such as "A site is the smallest unit of space dealt with 

by the archaeologist" (Willey and Phillips 1958:18; see also Plog and 

Hill 1971:8). It also avoids the problems associated with rigorous 

operational definitions, such as density criteria (so many objects per 

unit area), which generally prove to be quite unworkable in the field 

(Fuller, Rogge, and Gregonis 1976:68). 

Stage 1: Field Procedures 

In line with these considerations, field procedures for Stage 1 

became relatively straightforward. Unlike many modern surveys (Thomas 

1973; Mueller 1974; Zubrow 1975; Fuller, Rogge, and Gregonis 1976; 

Reher 1977; Plog 1978), no regional sampling scheme was employed for the 

three localities (Spring Creek, Spring Ridge, and Pitiful Flats). 

Rather, they were surveyed in their entirety to locate as many sites as 

possible (see Ruppe 1966). Each locality was divided into a number of 

inspection units. Each unit was delimited by reference to prominently 

observable landscape features that could be determined from aerial 

photographs and confirmed by ground observation (see Fuller, Rogge, and 

Gregonis 1976). The units of inspection for each locality are 

illustrated in Figure 2.2. 
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After a unit was chosen for inspection, the survey crew was 

assembled at a convenient location, generally at a change of direction 

in the outline of the unit. The crew, which never numbered less than 8 

individuals, was aligned perpendicular to one edge of the survey unit 

and proceeded to "sweep" the unit in a clockwise direction until the 

assembly point was reached again. Crew members were never spaced more 

than 10 meters from one another. In this fashion, there was only a 

small chance that a site less than 10 meters in diameter would be 

missed. The fact that several sites smaller than this were discovered 

is an indication of the effectiveness of this survey strategy. By 

minimizing the size of the unit to be inspected, to avoid the effects 

of boredom and fatigue, and by maintaining close spacing of crew 

members, the discovery probabilities of archaeological sites in each 

locality were enhanced (Schiffer, Sullivan, and Klinger 1978). 

If a deposit was encountered and determined to be a "site," 

minimal information on (1) site type (ceramic scatter [sherds and 

lithics], lithic scatter [lithics only], or masonry ruin); (2) location; 

and (3) size was recorded. These data were used subsequently to argue 

that further investigation be restricted solely to the Pitiful Flats 

locality. 

Stage 1: Results 

After surveying the Spring Creek, Spring Ridge, and Pitiful 

Flats localities (approximately 3.00 square miles) in 18.5 work days 

(148 man-days at a minimum), the Stage 1 reconnaissance had recorded 88 



archaeological sites. The distribution of sites by locality and site 

type is found in Table 2.1. 

Table 2.1. Frequency of site types by locality. 

Locality 

Site type 
Pitiful Flats 
(1.5 mile2) 

Spring Creek 
(.39 mile2) 

Spring Ridge 
(1.1 mile2) 

Lithic Scatter 12 20 7 

Ceramic Scatter 31 9 6 

Masonry Ruin 0 1 2 

Total 43 30 15 

When the localities are ranked in terms of site density (number 

2 
of sites per square mile), Spring Creek (77/mile ) would be the most 

dense, followed by Pitiful Flats (28.67 raile^) and Spring Ridge (13.6/ 

mile ). But, two-thirds of the Spring Creek sites are lithic scatters 

and therefore essentially undatable. The remaining set of ceramic 

scatters from Spring Creek represent too small a sample for meaningful 

analysis. Spring Ridge was eliminated from further consideration 

because of low site density and logistical difficulties. Thus, based 

upon the results of the Stage 1 survey, Pitiful Flats seemed to possess 

the requisite frequency of sites to warrant further investigation. 
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Stage 2: High-Intensity Survey of Pitiful Flats 

The Pitiful Flats locality was re-surveyed at a higher 

intensity than characterized the general reconnaissance. The crew 

spacing interval of 10 meters was maintained but the survey units were 

inspected at a slower pace. No new sites were discovered. 

However, it was determined that seven ceramic scatters were 

deposits derived from a late Pueblo III site located at the extreme 

southern tip of Spring Ridge. These seven sites represent the 

accumulation of occupational debris discarded from the pueblo and 

transported to the Pitiful Flats locality by natural processes. In 

all cases it was possible to trace a "trail" of debris from each site 

up an erosional channel that led to the puebloan site. These seven 

sites were, therefore, eliminated from further investigation. 

At the conclusion of the intensive survey of Pitiful Flats, 

a total of 36 sites had been recorded (see Figure 2.1), 2A of which 

were ceramic scatters with no visible architecture; the other 12 sites 

were lithic scatters. The ceramic scatters all date essentially to the 

Pueblo II period (see Chapter 7). This confirms Tuggle's original 

conclusions, although 10 times as many sites were recorded for the same 

area, a phenomenon related solely to intensity of survey unit inspec

tion. Most interesting is the fact that these sites, by virtue of 

their surface characteristics and presumed period of occupation (Pueblo 

II) are essentially of the same level of complexity, thus satisfying one 

of the major criteria of the research design. 
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Cultural Affiliation of the Pitiful Flats Sites 

Discussing the cultural affiliation of the Pitiful Flats sites 

provides a convenient way of introducing the history of research for 

the western portion of the White Mountain Apache Indian Reservation. 

It is interesting to note that following the pioneering work of 

Bandelier (1892), Hough (1903, 1919, 1920), and Spier (1919) and the 

later work of Hough (1930), Reagan (1930), and Haury (1934), the bulk 

of research on the reservation has been concentrated to the northeast 

(Haury 1940, Haury and Sayles 1947, Hammack 1969a) and the east 

(Cummings 1940, Baldwin n.d., Shaeffer 1954). A variety of occupational 

horizons, from early Basketmaker III to late Pueblo IV, have been 

investigated and reported in these studies. Since this work has been 

adequately summarized by several recent dissertations (see especially 

Neely 1974, Rice 1975, Plog 1977), only archaeological research in the 

area from Cibecue Creek west to the Upper Tonto Basin will be discussed. 

After providing a comprehensive historical background to his 

work in the Forestdale Valley, Haury (1940:9) noted that "Less is known 

of the area to the west and southwest, this being a broken and rugged 

territory" (see also Bullard 1962:184-185). Over 20 years later, Olson 

(1963:97) remarked that the western portion of the Reservation is "one 

of the major unexplored areas in the American Southwest." However, 

there was a fairly high probability that the Pitiful Flats sites would 

be of Mogollon affiliation because the Pueblo III and Pueblo IV 

horizons in the Grasshopper area are unquestionably Mogollon or, more 

colloquially, late prehistoric Western Pueblo (Thompson and Longacre 

1966:255; see also Johnson 1965 and Haury 1934). Earlier 
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horizons to the east (Haury and Sayles 1947, Haury 1940, Hammack 1969a) 

were Mogollon also (see Shaeffer 1954). The situation becomes more 

complicated, however, as attention shifts to the west of Grasshopper. 

For some time it has been known that the area west of Canyon 

Creek is a "mixture zone between the Hohokam, the Salado, the Mogollon 

and the Sinagua" (Olson 1963:95). A definite Hohokam occupation has 

been documented on Upper Walnut Creek in the Vosberg district (Morris 

1970; see also Chenhall 1972; Cartledge 1976, 1977). Tuggle's (n.d.) 

hypothesis that Canyon Creek may be a boundary between the Hohokam 

and the Mogollon is strengthened because no unquestionably Hohokam 

sherds were noted in any of the Pitiful Flats ceramic assemblages. 

Therefore, given the scanty frequency of Hohokam sherds east of Canyon 

Creek and their significant distribution west of Canyon Creek, it is 

safe to conclude that Hohokam influence was negligible or at best an 

insignificant factor affecting the variability of the Pitiful Flats 

sites. Further, since the Salado complex is essentially a late 

phenomena (Pueblo III and Pueblo IV; Doyel 1976; Mayro, Whittlesey, and 

Reid 1976), the influence of the complex on the Pitiful Flats settle

ments can be similarly eliminated. In addition, no definite Salado 

material was found in the Pitiful Flats ceramic assemblages. What 

then of the Sinagua and the Mogollon? 

As early as 1930 Albert Reagan (1930:132) noted that the 

western portion of the Reservation had pottery that resembled the 

ceramics of the Verde area. Following Mera's (1934:7) notion of a 

Southwestern brownware complex, Colton (1939) and Reed (1942; see also 

Reed 1948, 1950) argued that there was a general brownware technology 
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of the forested upland zone from Flagstaff to the Mimbres which they 

called the Mogollon root (see Colton 1946). 

The ceramic variation of the Mogollon root has been the source 

of a minor controversy which centers on the uncertain taxonomic status 

of the Sinagua. Colton (1939) originally thought that the Sinagua was 

a branch of the Mogollon root but later equivocated (Colton 1946:310), 

saying only that the Sinagua complex is "closest to the cultures of 

the mountains rather than to those of the plateau or the desert." In 

his last major paper, Colton (1968) was quite indefinite about the 

geographic extension of the Southern Sinagua, but speculated that 

Chevelon Creek might be the boundary between them and "White Mountain" 

cultures to the east, a proposition subsequently confirmed by Wilson 

(1969). This area is northwest of Pitiful Flats (approximately 30 

miles) but is directly north of Walnut Creek, where Morris (1969:7-8) 

has described a brownware technology that corresponds to the descrip

tion of Alameda Brownware (see Wendorf 1953, Shepard 1950), the defining 

ware of the Sinagua branch (Colton 1946, 1965). Morris (1969:7-8) 

describes the Walnut Creek pottery as follows: "a paddled, nonscraped 

ware with crushed granite temper, [which] is clearly distinct in finish 

from the Mogollon Alma Plain." As will be discussed in greater detail 

in Chapter 7, this description would readily suffice, with the possible 

exception of the temper identification, for some of the Pitiful Flats 

brownwares. In addition, the brownwares from the Chevelon area (see 

Plog 1976) are probably related to Alameda Brownware technology (S. 

Plog, personal communication, 1978b). The Pitiful Flats locality, then, 

is bordered on the north, the west, and the northwest by a brownware 
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technology that has been interpreted as the utility ware of the Sinagua 

branch. 

Before formal analysis of the Pitiful Flats ceramic assemblages 

began, then, there was little doubt that the sites were related to the 

Mogollon. However, it now appears that the brownware technology may 

be more similar to "western" complexes, as Reagan had postulated, than 

it is to the classic Alma Brownware-based Mogollon farther to the east 

(Haury 1936a, 1936b). Pilles' (1976:120) recent hypothesis suggests 

that much of the regional variability of the transition zone "may be 

partly explained by postulating that the Salado and the Sinagua share 

a common cultural background, a background that is essentially Mogollon 

in character" (see also Wheat 1955:25, Bullard 1962:189). The research 

implications of these arguments are clear. The Pitiful Flats sites are 

not characterized by cultural mixing, thus satisfying another criterion 

of the research design. 

Environmental Characteristics of the 
Pitiful Flats Locality 

Rather than simply enumerate pro forma the environmental 

characteristics of Pitiful Flats, it is more informative to see how they 

facilitate or constrain archaeological research. The environmental 

characteristics to be discussed are (1) geology and topography, (2) 

soils, (3) vegetation, (4) fauna, and (5) disturbance potential. 

Geology and Topography 

The geology of the Pitiful Flats locality is rather simple. 

Basically, Pitiful Flats is a small plateau composed of interbedded 
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limestones, shales, and sandstones of the Naco Formation (Pennsylvanian 

age; Moore 1968:58). It is worth noting that the Naco Formation 

contains abundant nodules of multi-colored chert, primarily in the 

limestone facies, that were exploited by the prehistoric inhabitants 

of the western part of the reservation (see Haury 1934:121). The main 

point of nodule extraction appears to be located approximately five 

miles south of Pitiful Flats (Lane n.d.; see Chapter 6 below). More 

importantly, the strata of the Naco are flat-lying and are not 

tectonically active (see Tuggle 1970:23-24). This stable landform is 
I 

expressed at Pitiful Flats by a maximum difference of only 160 feet in 

elevation (5440-5280) across the locality. The small amount of relief 

for the 1.5 square mile area of Pitiful Flats is reflected by the lack 

of any internal drainage system. Drainage from the Pitiful Flats 

plateau is accomplished by runoff on only the flanks of the plateau 

and by absorption through the permeable soils (see discussion below). 

The archaeological implication of flat terrain and little 

interior runoff is that the probability of site erosion is significantly 

reduced (cf. Doelle 1976:183ff.). Thus, in the absence of other data, 

it is reasonable to presume that some of the variables of interest, such 

as site size and density of debris, do not reflect post-occupational 

disturbance processes. 

Soils 

The Pitiful Flats locality is characterized by a single soil 

unit within the Roundtop series (Mitchell n.d.:123-126). The soil 

unit is classified as a clay-loam. For this study the salient features 



of this unit are (1) that it occurs in level to undulating terrain and 

(2) that the "runoff is medium, permeability is slow and the erosion 

hazard is slight" (Mitchell n.d.:126). The Roundtop soils are formed 

in situ on the underlying parent limestone and have only "moderate 

accumulations of organic matter in the surface horizons" (Mitchell n.d.: 

319). The archaeological implications of both the nature and origin 

of the Pitiful Flats soil unit are clearcut and support the geological 

data. That is, there is only a small chance that material deposited 

on top of the soil will be transported since the terrain is nearly 

level and the soils are water absorbent. Further, because the soils are 

non-sedimentary in origin the possibility that their formation will 

obscure archaeological deposits is negligible. The conclusion that 

is supported by these data is that any archaeological material deposited 

on the Roundtop soils of Pitiful Flats will be little affected by 

natural processes. 

The agricultural potential of the Pitiful Flats soils is very 

limited (Mitchell n.d.:181, 187). What is most interesting, however, is 

that the alluvial Quaternary sediments of Spring Creek drainage, which 

form the western and southern boundaries of the Pitiful Flats locality, 

are capable of supporting dry-farming agriculture. Spring Creek was 

reported ethnographically (Buskirk 1949:26, 37; Goodwin 1969:21) as the 

scene of sporadic Apachean agricultural activities. In 1975 and 1976 it 

was observed that several plots along the alluvial floodplain had been 

planted with corn and subsequently fenced (thus hindering our survey 

efforts somewhat). It should be noted further that even in June, one of 

the driest months of the year on the reservation (Bales 1965:31), some 
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surface water was obtainable from Spring Creek, although the flow was 

unpredictable and apparently subterranean along some stretches of the 

stream's channel. These observations are mentioned for two reasons: 

(1) patterns of cultivation adversely affected survey coverage of an 

undetermined but small percentage of the Spring Creek locality (it was 

impossible to secure permission to survey from absentee land owners); 

and (2) Spring Creek could have been farmed in pre-Apachean occupational 

horizons, possibly when Pitiful Flats was inhabited, although there is 

no direct archaeological evidence for this proposition. 

Vegetation 

Pitiful Flats falls within the Upper Sonoran life-zone based on 

elevation (ca. 5300 feet) and annual precipitation (14-20 inches per 

year; see Mitchell n.d.:123). The primary undisturbed vegetation 

consists of juniper, pinyon pine, various shrubs, grasses, small 

cacti (Reagan 1928:143) and several species of oak (Buskirk 1949:13). 

In effect, because the Pitiful Flats vegetation regime varies between 

mixed chaparral and climax juniper communities, it is a true botanical 

transition zone (Granfelt, personal communication, 1979). However, only 

the extreme western portion of Pitiful Flats retains this regime because 

the remaining area was subjected to a range improvement program which 

necessitated eradication of the dominant vegetation. As Bales (1965: 

21) notes, "after the chaining operation, the vegetation was changed 

to a grass-beargrass type." This, much of the contemporary plant 

community is man-induced disturbance vegetation. A complete floral 

inventory is found in Bales (1965) and will not be repeated here. 
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The archaeological implications of this vegetational regime are 

rather straightforward. Survey techniques had to be adjusted because 

discovery probabilities (Schiffer, Sullivan, and Klinger 1978) of 

archaeological sites varied in the disturbed vs. undisturbed portions 

of Pitiful Flats, primarily as a result of differences in visibility. 

The open juniper woodland with little understory development (Lowe 

1964) was surveyed rapidly at high intensity, although recent invasion 

of manzanita at Site 1 did create some visibility problems. The 

disturbed portion of Pitiful Flats (approximately 90% of total area), 

on the other hand, necessitated a high-intensity non-rapid survey where 

coverage was duplicated in several areas to ensure complete inventory 

of all sites. In addition, greater care (and therefore more man-hours) 

had to be used in making surface collections in the disturbed areas due 

to the presence of high-density patches of grasses and shrubs. Thus, 

the major implication of the current vegetation of Pitiful Flats is 

that it increased the man-hours required to (1) completely inventory 

the locality for archaeological sites and (2) collect archaeological 

material from sample squares at each site. 

Fauna 

A rather complete inventory of the contemporary fauna is found 

in Griffin's (1969:158-160) dissertation (see also Reid 1973:173-176). 

According to Bombardier, Batchelor, and Michaels (n.d.:261-262), 

Pitiful Flats has adequate food for deer and turkey, adequate water 

for javelina, limited water for deer and turkey, and adequate cover 

for deer, turkey, and javelina. None of these animals was observed 
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during the four months of fieldwork in June and July of 1975 and 1976. 

I conclude that the activities of wildlife have had a negligible effect 

on the archaeological resources of Pitiful Flats. Only a single animal 

"burrow hole" was observed in all the Pitiful Flats sites. 

Disturbance Potential: Scavenging 

The effects of "cultural" disturbances may have been somewhat 

substantial. For example, it is well known that certain items of 

material culture such as projectile points and other bifaces, beads, 

items made of turquoise, and particularly grinding stones are valued 

by the Apache, whose familiarity with the prehistoric ruins on the 

Reservation makes the procurement of these items routine (see Reagan 

1928:153; see also McAllister and Plog 1978:19). The effects of 

scavenging on site variability depend on many factors (see Schiffer 

1976), although the overall outcome is highly unpredictable on a site-

specific basis (see Graybill 1973). One way to circumvent the problem 

of dealing with artifact categories that might have been scavenged is 

to simply exclude them from the investigation and focus instead on 

those classes of material, such as lithic debitage and undecorated 

ceramics, that have a low probability of being scavenged in significant 

quantities (if they are scavenged at all; see Thomas 1973:168, 

Lightfoot and Francis 1978). Such a strategy was followed in this 

study (see Chapters 4 and 5 below; see also Bandy n.d.). 
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Disturbance Potential: Range Improvement 
Operations 

As noted above, approximately 90% of Pitiful Flats was 

subjected to a range improvement program that involved the eradication 

of the dominant natural vegetation. The intent of these programs is to 

facilitate the upgrading of an area's forage capacity and therefore its 

cattle grazing capacity by artificially introducing high-yield 

perennial plants (see Schroeder 1953, Arnold and Schroeder 1955). The 

most common method of vegetational eradication is chaining. Such a 

method was used on Pitiful Flats in the Spring of 1962: "The chaining 

operation utilized two TD 24 tractors pulling a 270-foot anchor chain 

with links made of bar steel 1.75 inches in diameter. A third tractor 

followed the chain and acted as cleanup helper" (Bales 1965:20). 

Further, the area was one of the first to be "double-chained," i.e., two 

passes of the chain and traction equipment were made over Pitiful Flats. 

The entire operation took between three and four weeks (Granfelt, 

personal communication, 1979). 

The effectiveness of the operation for uprooting trees and 

shrubs was excellent. However, in order for a high kill rate to have 

long-term range improvement effects, the chaining debris should be 

eliminated. The most convenient way to accomplish this is to torch 

the piles of uprooted vegetation. This phase of the operation was not 

entirely effective since a "good burn," that is, one that completely 

consumes all debris, did not develop. Today, many charred and partly 

decomposed stumps and tree trunks attest to this fact. 



It is difficult to assess the impact of chaining on archaeo

logical sites because many factors contribute independently to the 

total or cumulative effect (see DeBloois et al. n.d.:6). Factors like 

the size of the trees and shrubs to be eradicated, the size of their 

respective stands, the nature and extent of the understory, the pre

vailing soil conditions, local topography, the method of eradication 

(see Schroeder 1955) and the nature of the site to be impacted (see 

Gallagher 1978) introduce a large degree of uncertainty in retrodicting 

the effects of chaining on archaeological sites. For example, DeBloois 

et al. (n.d.) point out that many spots remain undisturbed by both chain 

and machinery, and that artifact breakage occurs only in the paths of 

the machinery, because the chain is often not touching the ground since 

it is under tension. Random inspection of the root systems and spoil 

dirt of overturned trees on Pitiful Flats revealed no systematic 

patterns between chaining debris and artifact concentrations. This was 

to be expected as 17 years have elapsed since the chaining operation was 

conducted and natural processes have obliterated all traces of the 

operation, save for the bleached tree trunks. However, as DeBloois 

et al. (n.d.:15) note, the severest impact takes the form of artifact 

displacement and concealment. Transport of surface material on some 

sites undoubtedly occurred but it is unclear how this displacement 

would affect the surface characteristics of the Pitiful Flats sites. 

That is, would transport (1) increase or decrease site size and (2) 

accentuate or homogenize density distributions? Again, due to the 

numerous factors involved and their interaction, the only conclusion 

that is warranted is that the effects of chaining are highly variable, 



especially on a site-specific basis (Granfelt, personal communication, 

1979). The major implication of this conclusion is that some form of 

disturbance to the Pitiful Flats sites has occurred but the effects of 

the disturbance cannot be controlled totally in this study. Thus, many 

of the conclusions to be advanced in subsequent chapters, especially 

those concerning intersite variability, will have to be qualified with 

this information in mind (see cluster analysis results in Chapter 4 

below). 

Disturbance Potential: Cattle Grazing 

The effects of cattle grazing on archaeological sites are as 

difficult to assess as those of chaining. However, it is reasonable 

to expect that the major impact of cattle grazing on site variability 

would be to increase assemblage size, for example, increasing the 

population of sherds at a site. Cattle grazing would tend not to 

affect other variables such as site size or distribution of surface 

materials. However, the impact on even these site characteristics 

can be expected to vary considerably depending on such factors as soil 

compactness, herbaceous cover, and "herd" characteristics (number of 

animals, grazing habits, etc.). Thus, the same general caveat applies 

to this potential source of disturbance as was noted above for the 

effects of range improvement operations. 



CHAPTER 3 

SURFACE SAMPLING AND COLLECTION PROCEDURES 

Introduction 

Sampling and collection strategies used to recover cultural 

material from the surfaces of the Pitiful Flats sites are discussed in 

this chapter. To reduce the possibility that collection and sampling 

bias adversely affected subsequent analyses, a data recovery system was 

designed that (1) did not obscure or compromise the variability of any 

site and (2) facilitated intersite comparability (see Daniels 1972, 

Redman 1973, Clarke 1973). Decisions that led to the design of the 

system used in this study followed a distinction between sampling 

strategies and collection strategies (Mendenhall, Ott, and Schaeffer 

1971:20). Basically, sampling strategies are designed to document site 

variability while collection strategies ensure that data recovery 

procedures are consistently applied to all sites of interest. It is 

important to note that these strategies are independent of one another. 

The role that each strategy plays in the investigation of surface 

materials is assessed after a brief discussion of why surface data 

would be of value in understanding how settlement variability might 

have influenced archaeological variability. 

Why Study Surface Remains? 

The research potential of the surface remains of archaeological 

sites has never been universally acclaimed. Opinions range from 
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Thomas' (1973:167) optimistic claim that they are a significant source 

of data about prehistoric activities (see also Powell and Klesert 

1980:368) to the vulgar skepticism of Flannery's (1976:51) Real 

Mesoamerican Archaeologist, who ways "surface remains are just that— 

the junk you find on the surface—and nothing more. And I say screw 

them." 

However, the systematic examination of the surfaces of the 

Pitiful Flats sites makes sense for one major reason. In trying to 

isolate differences in intensity and/or span of occupation, one 

productive line of inquiry is to compile comparative data on the nature 

of occupational debris (Ragir 1967). These data are often expressed in 

the form of variables such as site size, density of material, and 

distribution of material, all of which are directly accessible through 

the examination of surface remains. Because there is little consensus 

on surface remains methodology, it is necessary to be very explicit 

about the kinds of recovery operations that were executed on the 

Pitiful Flats sites. Accordingly, an in-depth discussion of the 

implications of different sampling and collection strategies for the 

investigation of surface remains follows. 

Sampling Strategies 

Perhaps the most reasonable way to introduce the discussion 

of sampling strategies is to address the following question—why sample 

The objective of sampling is to provide information about a particular 

entity by examining only a portion of it (Williams 1978:44). This 

eliminates the practical problems of having to observe an entire 



population and simultaneously leaves most of the population intact 

in case a follow-up study is to be undertaken. 

There are additional advantages when sampling is done in terms 

of probability theory. Theoretically, probability-based sampling 

serves as a check against the biases that may be introduced into sample 

data as a result of preferences, haste, or numerous other factors (see 

Redman 1974). In addition, depending on how the sample is drawn (in 

terms of size, fraction, etc. see Yamane 1967), inferences about 

certain characteristics of the population can be estimated with a given 

level of precision (Vescelius 1960; Peters 1970; Mendenhall, Ott, and 

Schaefer 1971). The most accurate samples are those whose frequency 

distributions do not differ significantly from those of the population 

of interest (Raj 1968). And while these laudable features of proba

bility sampling have been widely advocated by many archaeologists 

(Binford 1964, Hill 1967, Chenhall 1972, Mueller 1975), the validity of 

the application of such sampling strategies breaks down when another 

question is pursued—what is being sampled? 

In archaeology, it is often difficult to be certain that a 

sample was actually obtained from the population of interest (Cowgill 

1970; Collins 1975a; Reid, Schiffer, and Neff 1975). Until recently, 

there was little appreciation for this problem. For example, some of 

the earliest statements on probability sampling in archaeology 

(Vescelius 1960, Binford 1964) suggest that areal or spatial sampling 

will produce samples of artifacts or sites from their respective 

populations (i.e., artifact populations and site populations). But 

closer inspection of this argument reveals an incorrect conclusion. 



In switching sampling elements from archaeological entities (artifacts 

and sites) to spatial entities (sample units), a similar switch has 

occurred in the population that is being sampled (Redman 1974:32, 

Fuller et al. 1976:50). That is, the yield and diversity of archaeo

logical materials found within areal sample units are characteristics 

of spatial populations and are not characteristics of artifactual 

populations. The estimation of population parameters derived by means 

of areal sample data refers not to the frequency and proportion of 

artifacts but rather the frequency and proportion of units that contain 

a given number of artifacts. It is quite unclear how to interpret 

parameter estimates which predict that a certain percentage of units 

contain a certain number of artifacts at the 99% confidence level. As 

Thomas (1975) and others (Ragir 1967, Hill 1967) have noted, to 

properly sample an artifact population would require procedures, such 

as complete enumeration of the population to be sampled, that obviate 

the benefits of sampling. 

But beyond the problem of not being able to directly access 

the population of interest by areal sampling, other major problems 

compromise the applicability of sampling in archaeology. One is the 

gross lack of congruence between the characteristics of the populations 

for which sampling theory was designed (Williams 1978) and the charac

teristics of archaeological populations, as we presently know them. 

For example, a great deal of information is available concerning 

consumer preferences, voting behavior, religious affiliation, regional 

demography, and other kinds of "populations" that are frequently 

investigated by various probability-based sampling strategies (see 



Blalock 1972). Prior knowledge about the population of interest, and 

therefore its sampling characteristics, is available in many instances, 

thus fulfilling one of the major rules for the application of 

probability sampling: "In probability sampling, every element in the 

population has a known nonzero probability of being selected" (Kish 

1965:20, original emphasis). It is extremely doubtful, however, whether 

the elements of an archaeological population could be so characterized. 

This is probably why many archaeologists have suggested that archaeo

logical populations be transformed into spatial populations since the 

elements of a spatial population, spatial units, have specifiable 

known and nonzero probabilities of selection. It is, however, 

impossible to specify element (artifact or site) selection probabilities 

in archaeology because of the highly variable nature of the factors 

which influence the formation of archaeological populations. Given 

the present state of knowledge regarding the factors that influence 

site formation, the best that can be said of element selection proba

bilities in archaeology is that they are unknown but probably nonzero. 

Archaeologists are thus limited in availing themselves of probability 

sampling since they have such poor control (i.e., lack of prior 

knowledge) over the nature of the populations that are to be sampled. 

Another major problem concerns the shape of the frequency 

distributions of the populations that archaeologists would like to 

sample. Sampling theory, particularly the logic and calculations 

involved in estimating population parameters, is premised on the normal 

distribution and its properties (Mendenhall, Ott, and Schaeffer 1971: 

13; Williams 1978:84-85; see also Thomas 1975:68). It is becoming 
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apparent that archaeological frequency distributions, such as the number 

of objects per recovery unit or the number of sites per quadrat, are 

not normally distributed but are, in fact, positively skewed (Thomas 

1975:68ff., Fuller et al. 1976, Perlman 1977:42-43, Ascher and Ascher 

1965:249; see also Clarke 1972:66-67). The effects of non-normality 

or skewness on parameter estimation are considerable (Kish 1965:411) in 

that unreliable estimates are generally accompanied by large standard 

errors (see esp. Fuller et al. 1976, Rogge 1976). Again, due to the 

lack of congruence between the basic prerequisites of sample design 

criteria and the nature of archaeological data, it is unclear what 

advantages accrue to the use of probability sampling in archaeology. 

Sampling Strategies and Archaeological Research 

Given the arguments presented above, there might be some 

question as to whether probability sampling has any utility in 

archaeological research. It does certainly, as Cowgill (1964) has 

argued, in providing a basis for selecting samples of material from 

collections that have been excavated (see also Redman 1973, 1975). 

Probability sampling also might be used as a discovery tool (Hill 

1967) if the phenomenon to be investigated exhibits little clcar-cut 

variation in its observable characteristics. Beyond thpse considera

tions, the applicability of probability sampling in archaeological 

research would appear to be rather limited. As noted above, the main 

value of probability sampling lies in its ability to estimate the 

reliability of inferences based on sample data (S. Plog 1978). But 

this feature of probability sampling is infrequently used in archaeology 



even when the procedures of probability sampling are followed (Longacre 

and Graves 1976, Rice 1975, S. Plog 1977). When archaeologists take 

advantage of the estimation capabilities of probability sampling, 

equivocal results generally obtain (see Fuller et al. 1976) or the 

estimates have limited significance for the problem under investigation 

(see Chenhall 1972). 

The primary value of probability sampling in archaeological 

research would seem to reside in the use of its principles and not in 

the estimation capabilities of the underlying probability calculus. Two 

sampling principles, then, would appear to be of use to archaeologists. 

The principle of randomization (Williams 1978:7) is useful because it 

provides a check against the introduction of unintentional bias into 

a research project (Plog et al. 1978:402). The second useful principle 

is that of systematization (Yamane 1967:159-160), which ensures that the 

entity to be sampled is adequately covered. This means that samples 

are recovered on a non-clustered basis (cf. Plog et al. 19 78:402). 

Thus, the value of sampling without the probability apparatus is simply 

to guide the placement of units of observation in an unbiased and 

representative manner (cf. Matson and True 1974:51). Again, given the 

present state of our knowledge regarding the shape of archaeological 

frequency distributions and the factors which influence the shapes of 

those distributions, nothing more can legitimately be claimed for the 

role of sampling in archaeology. 



60 

Sampling Strategies and Collection Strategies 

At the beginning of this chapter a distinction was made between 

sampling strategies and collection strategies. Simply put, sampling 

strategies are designed as guides for the placement of recovery units 

so that bias is minimized and coverage is maximized. The decision to 

employ a particular sampling strategy is determined by the data require

ments of the problem and also by the nature of the site that is to be 

investigated (Binford 1975:253). For example, a site characterized by a 

well-bounded homogeneous distribution of artifacts might be profitably 

explored by systematic random sampling. On the other hand, a site 

that has clear differences in density of surface remains should be 

sampled with a more complex strategy, such as systematic interval or 

unaligned sampling (see Redman 1974:11-12). 

The manner in which a particular sampling strategy is executed 

in the field is based on another, independent set of considerations 

that fall under the heading of collection strategies. A collection 

strategy is the set of factors which the archaeologist can vary in 

response to the nature of site characteristics in the process of 

executing a particular sampling strategy (cf. Schiffer, Sullivan, and 

Klinger 1978). The set of controllable factors includes (1) recovery-

unit type, (2) recovery-unit size, (3) recovery-unit shape, (4) 

intensity of recovery-unit inspection, and (5) provenience system 

design (see Plog et al. 1978:406-407; see also Redman 1974:19-20). 

Further, it must be emphasized that these factors also vary independently 

of one another, thus making the design of data recovery systems rather 

complex. Fortunately, however, there are several "principles" of 
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Recovery Theory (Sullivan 1978a:203) that aid the process of decision 

making in designing data recovery systems to ensure inter-site 

comparability. 

The primary rule, of course, is not to use different collection 

strategies within a site or between sites. Beyond this rule, one of 

the first decisions that has to be made is whether areal recovery units 

or point locations will be used in collecting samples of surface 

remains. This decision is framed around two factors: (1) the nature of 

planned subsequent analyses and (2) the relative cost-effectiveness of 

areal units vs. point locations. There appears to be a significant 

trade-off between the precision allowed by point or exact artifact 

collection and the amount of time needed to deploy such a collection 

strategy (Davis 1975:46, Dancey 1976; but see Bandy 1977 for an 

alternative technique). Moreover, the precision of exact collection 

appears to be overrated for its utility in subsequent analysis (Dancey 

1976:7), since investigators frequently collapse the artifact collection 

points into areal units (see Chomko 1974, Whallon 1973). One conclusion 

that emerges from these and other studies is that in terms of 

analytical utility and economy of deployment, the advantages of areal 

units sometimes outweigh those of exact collection artifact collection. 

After a recovery-unit type has been selected, further decisions 

regarding the size and shape of the unit are required, unless exact 

artifact collection has been selected as the recovery-unit type. Dancey 

(1976:9-10) suggests that recovery-unit size be based on an appreciation 

for the inverse relationship between size and precision of locational 

control (see also Plog et al. 1978:408). Dancey also suggests that if 
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a comprehensive picture of site structure is desired, small units (2 to 

5 meters on a side) are preferable to large ones. 

There appears to be a consensus on the shape of recovery units. 

Dancey (1976:9) suggests that when subsequent analysis is considered, 

"odd-shaped grid [recovery unit] configurations are less satisfactory 

than squares or rectangles" (see also Redman 1974:20). Elaborating on 

this general argument, Plog et al. (1978:407) note that square units 

are preferable to rectangular ones because of their reduced edge-

effects; that is, the probability is reduced of including material 

along the perimeter of a square recovery unit because the distance 

around a square is less than that of a rectangle for a given area. 

As yet, there are no readily available principles regarding how 

intensively a recovery unit is to be inspected. Certainly, it is 

best to totally collect all material falling within the boundaries of 

a recovery unit. Assuming total recovery of observable material, the 

only factor which could adversely affect collecting intensity would 

be the size of the recovery unit. In a practical sense, it is difficult 

to maintain high intensity (thereby ensuring complete recovery) when 

recovery units are over 5 meters on a side. It was observed in this 

study that fatigue resulting from the intense inspection of large 

recovery units often lowered recovery of artifacts. This problem was 

compounded when the surface material was relatively dense, necessitating 

often the use of several bags for a single recovery unit. The error 

potential associated with multiple bags from the same recovery unit is 

well known (see Daniels 1972). The best way to avoid the fatigue and 

multiple-bag problems is to use many small recovery units where each 
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recovery unit is inspected at high intensity and all observable 

materials are collected. 

The last major factor to be considered in designing a collection 

strategy involves decisions regarding the structure of documentary 

provenience systems (Sullivan 1978a:205; see also LeBlanc 1976). The 

objective of provenience systems is to control the removal of artifacts 

from the locations where they are found. Provenience systems should be 

designed in such a way so that each recovery unit is unique in its 

placement and designation. In order for a provenience system to 

accomplish this objective, it must be characterized by two design 

features: (1) a datum or origin point and (2) an internal logic that 

will generate, systematically and accurately, all other points that 

might be needed in the course of collecting surface materials. 

Provenience systems can be compared with respect to (1) 

accuracy, (2) economy, (3) complexity of internal logic, and (4) 

requisite technology (cf. LeBlanc 1976:159). For example, the popular 

distance and direction method (Davis 1975, Bandy 1977, Plog et al. 

1978:409) is accurate but not very economical in terms of equipment 

set-up time. This method generally requires the use of high-technology 

equipment and a working familiarity with trigonometric functions, thus 

limiting its range of applicability in many field situations. 

Accurate grid systems and parallel linear transects (see Redman 

1974) also require the use of high-technology equipment. Both systems 

are susceptible to cumulative error if there is a mistake in grid layout 

or parallel transect alignment. Also, both systems are notoriously 

insensitive to irregular site configurations if grid size is large and 



the distance between parallel transects is large, although Redman (1974 

17) does suggest some procedures for alleviating these problems. 

The radial transect system (see Redman 1974:17, Plog 1977) 

requires a minimum of low-technology equipment, generally a Brunton 

compass and a tape, and can be deployed rapidly. It is accurate in 

the sense that an error in aligning any radial transect does not 

affect the whole system. Also, the radial transect system readily 

accommodates irregularities in site configurations, depending of 

course on the number of transects used. 

Data Recovery System for the Pitiful Flats Sites 

Guidelines for making decisions about how to systematically 

investigate the surfaces of archaeological sites have been discussed. 

In framing these decisions, the archaeologist has some flexibility in 

selecting recovery procedures. For the problem this study is investi

gating, the first step was to determine site variability by locating 

individual objects on the surfaces of the Pitiful Flats sites. 

No radical methods were employed in defining the nature and 

extent of the surface materials of each site (see Chartkoff 1978:47). 

After the site that was to be collected had been re-located, the crew 

was assembled at what was thought to be one edge of the site. At that 

time, each crew member was issued a fistful of flags. Each flag was 

about one yard in length, made of stiff piano wire, and topped by a 

red or blue piece of plastic. The crew was then instructed to walk in 

specific directions at a slow pace and deposit a flag whenever an 

artifact was encountered. This procedure was continued until every 



observable item had been flagged. Very dense concentrations of material 

were marked by several flags in close proximity. Generally, it took no 

longer than 30 to 45 minutes to complete the flagging phase of the 

collection procedure. After the flagging had been completed, pre

liminary indications of the variability of the surface remains were 

available, regarding especially (1) the site's boundaries and (2) the 

density and distribution of occupational debris (see Redman 1974:20, 

Dancey 1976:9). Procedures similar to these have been used in a number 

of projects in the Southwest (Chapman and Enloe 1977:175-177, Reher 

1977:14-15; see also Rice 1975:137, Plog et al. 1978:409) and elsewhere 

(Chomko 1974). 

Pitiful Flats Sampling Strategy 

For the purposes of subsequent analysis, especially the 

statistical description of site variability, it was necessary to 

"capture" the variability of the Pitiful Flats sites by developing a 

sampling strategy within the constraints of the data base, available 

labor, and the nature of the surface remains. This was accomplished 

by drawing on some of the principles of Recovery Theory discussed above. 

In order to control bias and ensure that each site's surface was 

covered adequately, it was decided that a systematic interval sampling 

strategy should be implemented (Ascher and Ascher 1965:248; see also 

Chartkoff 1978, Plog 1977:43). It was discovered that the systematic 

interval strategy would have to be supplemented with limited purposive 

or judgmental sampling, given the highly variable surface characteris

tics within and between sites (Asch 1975:172; see also Plog et al. 



1978:405). The decision to establish a purposive recovery unit was 

based on the crew's collective conclusion that there was a discrepancy 

in quantity and variety of material collected by systematic recovery 

units and the material not collected by the systematic units (using the 

same criteria). Thus, if it was observed that (1) particularly 

informative or rare items of material culture, such as temporally 

diagnostic ceramics, would not be sampled, or (2) if significant 

concentrations of material would not be sampled, or (3) due to the 

irregularity of a site's boundary, certain areas might not be sampled, 

it was appropriate to establish purposive recovery units to compensate 

for these potential losses of information. 

Pitiful Flats Collection Strategy 

The decision to use areal units as the basic type of recovery 

unit rather than exact artifact collection or point provenience was 

made because quantitative data were needed on the density and distribu

tion of surface materials. Since these data are space-dependent, areal 

units would be the most relevant type of recovery unit (see Fuller et 

al. 1976:50, Thomas 1975). The expectation is that variation in 

recovery unit yields across a site's surface will reveal something 

about the nature of the occupation responsible for the distribution 

(Ragir 1967:92). 

It was decided to use 2 meter by 2 meter square recovery units 

2 
( 4 m ) .  T o  a c c o m m o d a t e  t h e  s y s t e m a t i c  s a m p l i n g  s c h e m e ,  a  r a d i a l  

transect provenience system was designed. The configuration of this 

system served as a convenient guide for the systematic placement of the 
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2 i by 2 m recovery units (compare Plog 1977:43). The radial transect 

system was readily adaptable to the purposive sampling strategy because 

purposive units could be quickly and easily tied into any transect. 

The radial transect system was supplemented by boundary collec

tion transects. The objective of the boundary transects was to obtain 

samples of surface material from the periphery of the sites. This 

feature of the data recovery system ensured more precise areal coverage 

since the radial transects diverge from one another, a factor that 

becomes of greater significance as site size increases. The boundary 

transects also served as a check on preliminary indications of site 

size as revealed by flag placement. 

The radial transects were oriented 45° from one another with the 

aid of a Brunton compass (compare Plog 1977:43, Chartkoff 1978). Given 

this interval, eight radial transects could be established for each 

site with the exception of Sites 3, 23, and 24, which were simply too 

small or diffuse for the economic deployment of this provenience 

system. The boundary transects were placed between the end points of 

the radial transects. 

Systematic recovery units were established on a collection 

transect (radial or boundary) every 5 meters from the site datum. Thus, 

there would be a maximum of only 3 meters between the points at which 

successive recovery units were established on the same transect. Both 

Dancey (1976:11) and Chartkoff (1978:51) have determined that intervals 

of this magnitude are well suited for revealing intra-site spatial 

variability, especially density differences and their boundaries. It 

should be noted that the systematic recovery units did not straddle a 
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transect (compare Plog 1977:43) but were offset at the 5 meter mark—to 

the left if the interval was even, and to the right if the interval was 

odd. Also, the 5 meter interval was chosen because it was easy to 

execute in the field. 

The datum or origin point for the provenience system was 

established in the most dense part of the site. The determination of 

greatest concentration of surface debris was based upon group consensus 

(compare Chapman and Enloe 1977:175-176) after the flagging procedure 

had been completed and the distribution of the surface material was 

clearly indicated by the flags (see Appendix A). 

Evaluation of the Surface Collection Strategy 

Because of the initial experimentation with recovery-unit size 

and shape noted above, two sites (Sites A and B) had to be dropped from 

subsequent analysis due to the noncomparability of the recovery 

procedures used at the two sites (it should be noted that 4 man-days 

were spent in attempting, unsuccessfully, to transform the provenience 

systems used on these sites into the one described above). At the 

conclusion of this phase of the Pitiful Flats Project the surface 

remains of 34 sites (22 ceramic scatters and 12 lithic scatters) had 

been systematically collected. 

The effectiveness of the surface collection procedures can be 

assessed by statistically describing how consistently the sampling 

and collection strategies were executed in the field. If the surfaces 

of the Pitiful Flats sites were consistently examined there should be 

a predictable relationship between site size and the total area sampled 
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within a site. This relationship can be described by Pearson's r, a 

bivariate correlation coefficient (see Freeman 1965:100-101), where site 

area is the independent variable and sampled area is the dependent 

variable (see Table 3.1). The high value of the correlation coefficient, 

r = .950, suggests that there is a strong positive linear relationship 

between site area and sampled area (Freund 1973:426). In fact, 90% of 

the variation in sampled area can be attributed to its dependence on 

2 
variation in site size (r = .903). These statistics support the 

conclusion that the execution of the surface collection procedures were 

strongly conditioned by the nature of the variability of the surface 

material, thereby reducing the possibility that sampling or collecting 

errors contributed to site variability. These data also support the 

notion that it is best in terms of cost-efficient field procedure not to 

adopt a constant sampling fraction, e.g., 10% or 20%, when sampling the 

surfaces of archaeological sites (see Mueller 1974, Thomas 1978:236-

237). In fact, these data suggest that sampling fractions should 

decrease as site size increases (see Table 3.2; see also Plog et al. 

1978:408). 

Summary 

The high value of the correlation coefficient presented above 

supports the conclusion that the sampling and collection procedures used 

in this study were consistently applied to all sites despite differences, 

often considerable ones, in site area, configuration, and vegetative 

cover. If it can be assumed that the nature of the recovery operations 

did not compromise the extant variability of the Pitiful Flats sites, 
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Table 3.1. Site areas and sampled areas. 

Site area Sampled area 

3592 472 
2055 292 
16 16 

536 140 
1975 304 
1727 308 
2878 392 
3319 432 
5570 524 
3339 404 
1707 276 
725 180 

1969 316 
180 44 
1660 268 
798 172 

1203 260 
1488 256 
945 204 
3808 436 
1081 164 
577 116 
336 24 
194 20 

1735 304 
322 80 

1257 220 
586 128 

1219 228 
789 184 

2306 328 
638 156 
641 148 
433 128 
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Table 3.2. Sampling fractions. 

Site area Sampling fraction 

16 1.00 
180 .33 

194 .10 
322 .25 
336 .07 
433 .30 
536 .26 

577 .20 
586 .22 
638 .24 
641 .23 
725 .25 
789 .23 
798 .22 
945 .22 
1081 .15 
1203 .22 
1219 .19 
1257 .18 
1488 .17 
1660 .16 
1707 .16 
1727 .18 
1735 .18 
1969 .16 
1975 .15 
2055 .14 
2306 .14 
2878 .14 
3319 .13 
3339 .12 
3592 .13 
3808 .11 
5570 .09 



then a foundation has been established for meaningful intersite 

comparison of (1) surface characteristics (nonassemblage variability; 

see Chapter 4) and (2) assemblage variability (see Chapters 5, 6, and 



CHAPTER 4 

MEASUREMENT AND ANALYSIS OF NONASSEMBLAGE VARIABILITY 

Introduction 

In Chapter 3, it was demonstrated that the surfaces of the 

Pitiful Flats sites had been consistently sampled and collected. 

Because of this consistency, it can be assumed that intersite com

parisons of the properties of the surface remains will be valid. 

In this chapter, some preliminary conclusions about the nature 

of variability among the Pitiful Flats sites are presented. The 

intersite comparisons are based on the statistical analysis of non-

assemblage data. The variables used in the analysis, their measures, 

and their frequency distributions are discussed in detail. 

Quantitative Description of Surface Remains 

The surface remains of the Pitiful Flats sites can be described 

by variables that have proven to be useful in characterizing the nature 

of occupational debris. The variables are: (1) site area, (2) density 

of surface material, and (3) distribution of surface material. To 

facilitate the use of statistical techniques, these variables are 

defined in terms of measurements that can be described on an interval 

scale (Freeman 1965:4-10). 

The area of a site was measured in square meters. The 

procedure was to determine the area enclosed by lines connecting the 
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recovery units located most distant from the site datum. The site maps 

upon which the area of each site was calculated are in Appendix A. 

Determining the density of surface material is not without 

controversy. Thomas (1975:70-74) has discussed the implications of 

different density measures for site and settlement pattern interpreta

tions. Density is the ratio between count data and a spatial unit 

of a specified area. In archaeology, this is frequently expressed as 

the number of artifacts per unit area (generally per square meter of 

surface area). The calculation of this deceptively simple ratio becomes 

problematic when decisions must be made about the units involved in 

the ratio. For example, perhaps the easiest method for calculating 

density is to divide the number of objects recovered by the sampling 

fraction and then divide this figure by site area to yield number of 

objects per square meter. 

Thus, if 50 artifacts had been recovered from a site 100 m in 

area using a sampling fraction of .50 (where half of the site's surface 

had been inspected), density would equal 1 artifact per square meter. 

Unfortunately, this method is unreliable because it assumes a 

homogeneous distribution of material over a site's surface. 

A more precise way to determine density is to employ the 

properties of frequency distributions. For example, since artifacts 

were collected by means of standardized recovery units, one meaningful 

measure of density would be the mean yield of recovery units: 
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where is the yield of a recovery unit and N is the number of recovery 

units deployed at a site (cf. Stafford 1978:22). Dividing RU_ by the 

area of the recovery unit would yield a density measure per square 

meter. But in order to be statistically meaningful, a mean (x) value 

must be derived from a frequency distribution that is approximately 

normal (Snedecor and Cochran 1967:35, Blalock 1972:68-72; see also 

Thomas 1975:67-68). This begs the question of the normality of the 

frequency distributions that are based on count data derived from 

recovery units. For example, what is the shape of these kinds of 

distributions? 

It is interesting to note that with a few exceptions (e.g., 

Doelle 1976:44-45, Fuller et al. 1976, Thomas 1975:69) archaeologists 

seldom provide frequency distributions of their data. Unfortunately, 

without frequency distributions there is essentially no way of 

determining whether appropriate statistics have been used to describe 

the data. This is especially true with regard to using the mean of a 

recovery-unit-yield frequency distribution to determine density. If 

the frequency distribution of recovery-unit yields is skewed (e.g., 

Wilmsen 1974:40; Ammerman, Gifford, and Voorrips 1978:131), then a mean 

value of those distributions will provide an inaccurate statistic upon 

which to base density estimates. 

For these reasons, frequency distributions of the recovery-

unit yields of all Pitiful Flats sites were generated (see Appendix B), 

and they reveal that all of the distributions are skewed. It can be 

shown mathematically by means of the Pearsonlan Coefficient of Skewness 

(Freund 1973:81): that all the frequency distributions are non-normal: 
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p = 3 (x-M) 

S 

where x, M, and S are the mean, median, and standard deviation of the 

distribution. A P-value close to zero indicates a normal or non-

skewed distribution. The more skewed a distribution is, the greater 

is the value of P. Table 4.1 shows that all the recovery-unit-yield 

frequency distributions are skewed to the right (positively skewed) 

with the exception of Sites 3, 14, and 23, which are skewed to the left 

(negatively skewed). The effect of the positive skewing is to inflate 

the value of the mean since it is being "pulled" to the right by the 

extreme recovery-unit yield values at the tail of the distribution 

(Blalock 1972). Density estimates based on a mean (x) recovery-unit 

yield value would therefore be similarly inflated. 

The median (M) is a more appropriate indicator of central 

tendency when "the distribution is strongly asymetrical or skewed one 

way or the other" (Freeman 1965:59). A density measure based on 

median recovery-unit yield would seem to possess two advantages over 

the other measures noted above: (1) it takes into account spatial 

variation of differing densities across a site's surface, which is 

clearly reflected in the frequency distributions and (2) it takes into 

account the asymmetry of those distributions. The density measure used 

in this study therefore is 
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Table 4.1. Values of Pearsonian coefficient of skewness (P-value). 

Site P-value 

1 2.32 

2 1.46 

3 -.50 

4 .93 
5 1.51 
6 1.20 

7 1.14 
8 1.11 
9 1.14 
10 1.60 
11 .97 
12 1.48 
13 1.72 
14 -1.12 
15 1.61 
16 2.42 
17 1.79 
18 1.56 
19 1.33 
20 1.88 
21 2.68 
22 1.99 
23 -.85 
24 .66 
25 1.79 
26 1.49 
27 1.59 
28 1.51 
29 1.85 
30 1.47 
31 2.99 
32 1.80 
33 1.88 
34 1.61 
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where RU^ is the median recovery-unit yield for a site and 4 square 

meters is the area of a recovery unit. 

Spatial variation in the distribution of surface material was 

measured by the Coefficient of Dispersion (C.D.; Thomas 1973:163, 

1975:77; Hodder and Orton 1976:34; Stafford 1978:23; Sokal and Rohlf 

1969:88). The C.D. is the variance/mean ratio of recovery-unit yields, 

S2 
C.D. = =—. Sokal and Rohlf (1969:88-95) discuss the underlying 

theory of the C.D. and Thomas (1972:698-699) refines their discussion 

in archaeological terms. Basically, the idea is that if recovery-unit 

yields exhibit little variation, the ratio will be low because of low 

values for the variance. As the distribution of material becomes more 

concentrated or clumped, there is greater variation in recovery-unit 

yields which is reflected in greater values of the C.D. 

The C.D. is a good intersite comparative measure of spatial 

variation for two reasons. First, recall that the Pitiful Flats 

collection strategy stressed that recovery units be deployed in all 

dense areas or "hot spots" of a site; thus if one site had several hot 

spots and another site had none, this variation would be reflected in 

high and low values respectively of the C.D. Second, the C.D. is 

intended to measure variation in Poisson distributions,which are 

generally positively skewed (Sokal and Rohlf 1969:88-95) much like 

the recovery-unit-yield frequency distributions (see Appendix B). The 

C.D. for all Pitiful Flats sites and the mean and variance values from 

which they were calculated are found in Table 4.2. 
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Table 4.2. Coefficients of dispersion for all sites. 

Site X s2 C.D. 

1 2.88 3.16 1.10 
2 7.77 61.89 7.97 
3 5.75 1.69 .29 

4 2.92 8.53 2.92 

5 3.80 15.56 4.09 

6 6.66 39.00 5.86 

7 5.27 45.93 8.72 
8 31.40 4163.94 132.61 

9 5.68 52.12 9.53 
10 7.56 93.16 12.32 
11 5.10 24.31 4.77 
12 3.97 15.39 3.88 

13 4.36 28.36 6.50 

14 3.91 7.72 1.97 
15 4.96 11.29 2.28 

16 2,43 2.16 .89 

17 8.30 120.11 14.47 
18 4.69 13.56 2.89 
19 4.83 39.51 8.18 
20 9.00 69.26 7.70 
21 2.38 1.66 .70 
22 4.67 25.56 5.47 
23 2.17 1.14 .53 
24 5.80 10.56 1.82 
25 8.62 78.04 9.05 
26 4.19 15.03 3.59 
27 13.09 308.31 23.55 
28 3.82 6.60 1.73 
29 5.78 25.45 4.40 
30 9.69 131.03 13.52 
31 3.35 4.69 1.40 
32 3.00 4.42 1.47 
33 5.33 22.06 4.14 
34 8.70 123.95 14.25 
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Quantitative Analysis of the Surface Properties 
of Ceramic Sites 

Given these variables, and their measures, of occupational 

debris, the next task is to determine the relations between the 

variables. Bivariate correlation coefficients (Pearson's r) were 

computed between all pairs of variables to accomplish this (cf. Henry 

et al. 1979:235). The correlations and the data upon which th-ey are 

2 
based are found in Table 4.3. The values in parentheses are the r 

values indicating the relative strength of the correlations (Freeman 

1965:101). The significance of the correlations (p-values) is listed 

beneath the unity diagonal of the correlation matrix. Correlations 

significant at or below the .05 level are marked by an asterisk. 

For ceramic sites, the correlation analysis reveals that site 

size, density of occupational debris, and distribution of occupational 

debris are essentially independent of one another. There are no 

significant or strong associations between any of the nonassemblage 

variables. This means that the values of any nonassemblage variable 

cannot be readily predicted from the values of any other nonassemblage 

variable. One implication is that ceramic sites are formed in complex 

ways, undoubtedly a result of variation in function and occupational 

history between settlements. 

Quantitative Analysis of the Surface Properties 
of Lithic Sites 

Correlation coefficients were computed for the surface 

variables of lithic sites and, along with the data upon which they are 

based, are presented in Table 4.4. As before, the values in parentheses 



Table 4.3. Surface properties of ceramic sites. 

Site Area Density Dist. 

2 2055 .98 7.97 
3 16 1.50 .29 
5 1975 .45 4.09 
10 3339 .60 12.32 
11 1707 .88 4.77 
12 725 .50 3.88 
14 180 1.25 1.97 
15 1660 .78 2.28 
16 798 .31 .89 
17 1203 .42 14.47 
18 1488 .69 2.89 
19 945 .50 8.18 
21 1081 .30 .70 
22 577 .30 5.47 
23 336 .63 .53 
24 194 1.25 1.82 
25 1735 .82 9.05 
26 322 .55 3.59 
27 1257 .92 23.55 
28 586 .63 1.73 
30 789 1.00 13.52 
31 2306 .29 1.40 

Pearson Correlation Coefficients, 
2 

r values ( ), and significance 
(below diagonal) of ceramic site surface properties: 

Area -.300 (.090) .321 (.103) 

Density .087 .053 (.003) 

Distribution .072 .407 
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Table 4.4. Surface properties of lithic sites. 

Site Area Density Dist. 

1 3592 .36 1.12 
4 536 .50 2.92 
6 1727 1.03 5.90 

7 2878 .67 8.72 
8 3319 1.86 132.61 
9 5570 .72 9.53 
13 1969 .34 6.42 
20 3808 .94 7.70 
29 1219 .66 4.40 
32 638 .43 1.47 
33 641 .58 4.14 
34 433 .65 14.25 

Pearson Correlation Coefficients, 
2 

r values ( ), and significance 
(below diagonal) of lithic site surface properties: 

Area .302 (.091) .233 (.054) 

Density .170 .879 (.773) 

Distribution .233 .001 

Partial correlation coefficient density and distribution (r = .879) 
controlling for area: 4 = .872 (p = .001). 



above the unity diagonal are the r values which indicate the strength 

of the correlations. The significance of the correlations (p-values) 

is found below the unity diagonal of the correlation matrix. Correla

tions that are significant at or below the .05 level are marked by an 

asterisk. 

One way to check the reliability of significant correlations is 

to test for spuriousness by means of partial correlation (cf. Plog 

1974b:151, Graybill 1973:175ff.), Partial correlation refers to the 

"correlation between any two variables when the effects of the other 

variables have been controlled" (Blalock 1972:429). The strong and 

significant correlation, between density and distribution is not 

affected however by controlling for site size (Table 4.4). Thus, a 

knowledge of variation in density at lithic sites would lead to rela

tively accurate prediction of the variation in distribution of material. 

A very interesting pattern emerges when the correlation 

analyses are contrasted. For ceramic sites, there are no significant 

correlations between any of the nonassemblage variables. The situation 

is different for lithic sites where there is a significant, non-

spurious and positive correlation between density and distribution of 

occupational debris. One conclusion supported by these analyses is 

that the two site types do not exhibit similar ranges of variability 

as regards their surface properties. Each site type possesses a 

moderately distinctive set of surface characteristics. This notion 

can be tested by means of a multivariate technique called discriminant 

analysis: "Discriminant analysis is a quantitative method of separating 

preestablished groups on the basis of variables that characterize the 
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differences between these groups" (Bettinger 1979:456; see also 

Van de Geer 1971:243, Cooley and Lohnes 1971:243ff.). 

The discriminant analysis (Klecka 1975) was only moderately 

effective in statistically separating ceramic sites from lithic sites. 

This can be seen from several aspects of the analysis. First, the 

discriminant function was not statistically significant (p = .105). 

This means that the discriminant function could not find a solution to 

maximize group separation based on the values of nonassemblage 

variables used in the analysis (data from Tables 4.3 and 4.4). There 

is thus non-trivial overlap between ceramic sites and lithic sites with 

respect to the site size, density, and distribution of occupational 

debris. This is also evident when the values of the standardized 

discriminant function coefficients for each variable are examined 

(Table 4.5). None of the values is very high (greater than +1.0 or 

-1.0) which means that their influence on the power of the discriminant 

function to separate the groups is minimal. The importance of each 

variable is indicated by the absolute value of the coefficient (sign 

ignored). Second, an examination of the classification results 

reveals how difficult it is for the discriminant function to separate 

groups (Van de Geer 1971:246). Fifty per cent of the lithic sites were 

misclassified as ceramic sites while 18.2% of the ceramic sites were 

misclassified as lithic sites. What is interesting is that sites of 

both site types were misclassified apparently because of their size. 

That is, the misclassified lithic sites (Sites 4, 6, 29, 32, 33, 34) are 

2 
the six smallest lithic sites (less than 1800 m ), while the mis-

classified ceramic sites (Sites 2, 5, 10, 31) are the four largest 
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Table 4.5. Standardized discriminant function coefficient values for 
nonassemblage variables. 

Variable Value 

Area -.90 

Density .23 

Distribution -.47 

2 
ceramic sites (greater than 1975 m ). This pattern is in line with the 

relative importance of the variables in determining the power of the 

discriminant function. The value of the standardized discriminant 

function coefficient for area is the largest of all the nonassemblage 

variables (see Table 4.5). In terms of the discriminant function, the 

larger ceramic sites appear to be lithic sites, while the small lithic 

sites appear to be ceramic sites. This clearly explains why so many 

sites were misclassified (29.4% of the total number of sites), as values 

of this variable are not discrete with respect to site type. 

An examination of each variable individually provides additional 

information as to why it is difficult to discriminate between ceramic 

sites and lithic sites on the basis of nonassemblage variables only. 

Because it cannot be assumed that the distributions of the variables are 

normal (Blalock 1972:185), it was decided to use a nonparametric test 

to check for differences in nonassemblage variables between site types. 

The Mann-Whitney Rank-Sums test was selected because it is the non-

parametric equivalent of the t-test (Freund 1973:374, Gibbons 1976: 



157ff.). Because directionality of variable differences between the 

site types was not desired, rejection of the null hypothesis that the 

observed differences are due to sampling variation from a population 

where no differences exist was based on 2-tailed probability values. 

The results of the Mann-Whitney tests (indicated by U-values) and the 

2-tailed probabilities are given in Table 4.6. 

Table 4.6. Results of Mann-Whitney Test for differences in the non-
assemblage variables between ceramic sites and lithic 
sites. 

Variable 

Ceramic sites 
(N = 22) 

Mean rank 

Lithic sites 
(N = 12) 

Mean rank U 
2-Tailed 

probability 

Area 15.3 21.5 84. 0 .084 

Density 17.3 17.8 128. 0 .885 

Distribution 15.9 20.4 97. 0 .207 

The Mann-Whitney tests indicate that there are no significant 

differences between ceramic sites and lithic sites with respect to 

site size, density, and distribution of occupational debris. These 

tests reinforce strongly the results of the discriminant analysis. In 

addition, we now know why the discriminant function is not significant 

and why such a high percentage of sites were misclassified. The non-

assemblage characteristics of ceramic sites and lithic sites are not 

exclusive. 
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Implications of the Correlation and 
Discriminant Analyses 

The material class distinction between ceramic sites and lithic 

sites does not reflect a difference in surface characteristics. At 

this point in the study, then, there is no basis for concluding that 

different settlement processes characterize each site type. Further, 

no principles or rules for interpreting variation in nonassemblage 

variability are forthcoming since the correlation analyses failed to 

detect any association between the variables, with the noted exception 

of density and distribution of debris at lithic sites (one implication 

of this association is explored below). One explanation for the lack of 

association between nonassemblage variables is that there is considerable 

intra-site-type settlement variability. This possibility is checked in 

later chapters (Chapters 6 and 7). Another possibility is that the 

site types are similar in surface characteristics because variability 

may have been obscured by postdepositional processes, especially 

chaining. This possibility can be checked as follows. Fortunately, 

four sites (Sites 1, 2, 3, 4) were not chained. If the data given in 

Tables A.3 and 4.4 above are subjected to a cluster analysis and Sites 

1 through 4 do not form a cluster, then the effects of chaining as an 

explanation for the lack of variation between sites types can be 

eliminated. To double check this possibility, cluster analysis will be 

performed at two levels: (1) all sites and (2) each site type. 

The selection of a cluster analysis method was rather straight

forward since archaeologists have been experimenting and evaluating the 

results of different methods for over 10 years (see Cowgill 1968; 



Hodson 1969, 1970; Matson and True 1974; Doran and Hodson 1975; see also 

Christenson and Read 1977). Matson and True (1974) found that in 

testing different clustering routines on the same set of data, Ward's 

Error Sum of Squares method produced results that best met their 

expectations of site similarity. Since their study was attacking a 

problem similar to the one this study is investigating, the selection of 

Ward's method did not seem unwarranted (see also Hantmann and Lightfoot 

1978). 

Ward's method initiates cluster formation on the basis of the 

following "information" notion: 

At any stage of an analysis the loss of information which 
results from the grouping of individuals into clusters 
can be measured by the total sum of squared deviations of 
every point from the mean of the cluster to which it 
belongs (Everitt 1974:15). 

In terms of procedure, the error-sum-of-squares (E.S.S.) notion works 

as follows: 

At each step in the analysis, union of every possible pair 
of clusters is considered and the two clusters whose fusion 
results in the minimum increase in the error sum of squares 
are combined (Everitt 1974:15). 

As was the case with the discriminant analysis performed above, the 

scores of the variables for each site were standardized since different 

measurement scales (meters, objects per square meter, and a ratio 

index) are involved (cf. Matson and True 1974, Doran and Hodson 1975; 

see also Klecka 1975). 

The result of the cluster analysis for all sites is represented 

by the dendrogram in Figure 4.1. The sites not affected by chaining 

have been marked by an asterisk. It can be seen that the two unchained 
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lithic sites (Site 1 and Site 4) do not belong to the same cluster. 

The two unchained ceramic sites (Site 2 and Site 3) are in the same 

cluster but they are quite distant from one another. In fact, when 

attention is turned to the ceramic site dendrogram (Figure 4.2), it can 

be seen that Sites 2 and 3 are not found in the same cluster, as they 

are quite dissimilar -from one another. The same situation holds for 

the lithic site dendrogram (Figure 4.3), as Sites 1 and 4 belong to 

different clusters. 

These results support the conclusion that the effects of post-

depositional modification on the surface characteristics of the Pitiful 

Flats sites may have been minimal, since the unchained sites do not 

cluster. If the effects had been substantial, then the surface 

properties of the unchained sites should have been distinctive enough 

to influence cluster formation. Since this did not occur, it can be 

assumed that the same range of nonassemblage variability exists between 

chained and unchained sites. The possibility, then, that variation in 

nonassemblage and assemblage characteristics is due to postdepositional 

factors can be discounted. 

Summary 

Various measures of nonassemblage variability have been 

presented. Given the nature of the surface properties of archaeological 

sites, it was determined that the median yield of recovery units 

divided by the area of the recovery unit produces an appropriate measure 

of density of occupational debris. The Coefficient of Dispersion 
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provides a useful index for describing and comparing variation in the 

distribution of occupational debris. 

Correlations between the nonassemblage variables revealed they 

are independent for ceramic sites. For lithic sites, there is a strong 

correlation between density and distribution of occupational debris. 

One interpretation of this difference in the association between non-

assemblage variables is that lithic sites were formed in a more 

systematic fashion than ceramic sites. On a more speculative level, 

lithic sites may have been formed as the result of discrete occupa

tional episodes that were characterized by limited variability in 

span, a function perhaps of the kinds of activity performed there (see 

Chapter 6). The differences between lithic sites, then, may simply be 

a product of DSU, that is, some lithic sites were reoccupied more times 

than others. Ceramic sites, on the other hand, appear to have much 

more varied occupational histories. 

However, it seems in general that non-masonry scatters are not 

the result of "linear" settlement processes. That is, there is a lot 

of variation apparently in settlement function and occupational 

variability, the effects of which are to produce sites with highly 

variable surface properties. The discriminant analysis demonstrated 

this in two ways: (1) a statistically significant discriminant function 

could not be determined and (2) many sites could not be properly 

classified. It can be concluded that ceramic sites and lithic sites 

are not exclusive with respect to nonassemblage variability, a notion 

supported by the results of the Mann-Whitney tests. Clearly, the 

nature of settlement processes on Pitiful Flats had led to a convergence 
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of the surface properties of the two site types. It is still possible, 

however, that surface properties are obscuring underlying and funda

mental differences in functional and occupational variability between 

site types. This is tested in following chapters. 

Finally, the results of several cluster analyses support the 

conclusion that postdepositional processes have not produced or 

obscured variation between sites. Thus, while the Pitiful Flats sites 

have been modified surely since they were occupied, it seems that the 

effects of the disturbance have been minimal and were not differentially 

distributed between sites. The conclusions offered here and in subse

quent chapters, then, are not based on "spurious" variability. 



CHAPTER 5 

LITHIC TYPOLOGY AND ANALYSIS 

Introduction 

The purpose of this chapter Is to provide quantitative data on 

the lithic variability of the Pitiful Flats sites. This involves 

several tasks. The first task is to construct a workable typology to 

classify the lithic material. The dimensions of variability and the 

attributes used in building the typology are selected by arguing that 

certain characteristics of lithic materials are useful in investigating 

past occupational processes. Second, the decisions regarding data 

selection procedures and the kinds of quantitative analyses performed 

on the data are discussed. Finally, a variety of statistical tests and 

multivariate analyses were selected to determine if ceramic sites and 

lithic sites are characterized by markedly different kinds of lithic 

assemblages. 

Debitage Analysis and Occupational Variability: 
Evidence and Interpretation 

For the past fifteen years or so, archaeologists working in a 

variety of research contexts have been focusing greater attention on 

the systematic analysis of lithic debitage and debris. In the process 

of exploring the analytical potential of this subset of lithic 

assemblages, archaeologists have arrived, directly (Binford and Quimby 

1972, Osborne 1965) or indirectly (Barrera 1969), at many conclusions 
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regarding the occupational processes responsible for the nature of the 

assemblages undergoing analysis (see esp. Rozen 1979; see also Raab 

et al. 1979). A review of some of the evidence and interpretation these 

and other studies contain provides a useful foundation for designing a 

typology that measures occupational variability by means of variation 

in the qualitative and quantitative characteristics of lithic debitage 

and debris. 

There are several reasons for restricting attention to the 

analysis of debitage and debris instead of other more "formal" lithic 

artifacts. First, as was noted in Chapter 3, there is a higher proba

bility that lithic debris will remain at the location of its production 

and/or use, whereas more formal tools are likely to be moved between 

activity areas or removed altogether from the settlements where they 

were produced (Jelinek 1967:110-111, 141; Henry et al. 1976:61; Collins 

1975b:19). Second, several studies have demonstrated that the final 

version of a tool observed by the archaeologist may bear little relation 

to its original form as a result of recycling and reuse (Frison 1968: 

154, Jelinek 1976). And third, it is becoming increasingly more clear 

that it is probably unwise to pin site interpretations or explanations 

of lithic assemblage variability on "tools" alone since they often occur 

in such small relative frequencies within total site collections (cf. 

Shiner 1969:221). This spectre of sample bias combined with the two 

other reasons noted above provides a strong argument for focusing 

attention on the non-tool aspects of the Pitiful Flats lithic 

assemblages. In fact, it can be seen from Table 5.1 that like most 

Southwestern lithic collections, the Pitiful Flats lithic assemblages 



1 
2 
3 
4 
5 
6 
7 
8 
9 
10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 
26 
27 
28 
29 
30 
31 
32 
33 
34 

97 

Frequency and percentage of tools (including cores) and 
debitage (including debris). 

Tools Debitage 

N n % n % 

193 17 8.8 176 91.2 
343 20 5.8 323 94.2 

14 0 0.0 14 100.0 

76 3 3.9 73 96.1 

55 4 7.3 51 92.7 
" 391 5 1.3 386 98.7 

395 6 1.6 389 98.4 
2700 34 1.3 2666 98.7 
596 13 2.2 583 97.8 
333 11 3.3 322 96.7 
138 10 7.2 128 92.8 
20 3 15.0 17 85.0 

196 15 7.7 181 92.3 
20 1 5.0 19 95.0 

110 4 3.6 106 96.4 
25 1 4.0 24 96.0 

100 9 9.0 91 91.0 
91 5 5.5 86 94.5 
24 0 0.0 24 100.0 

684 3 0.4 681 99.6 
42 2 4.8 40 95.2 
9 0 0.0 9 100.0 
4 1 25.0 3 75.0 
18 0 0.0 18 100.0 

127 3 2.4 124 97.6 
8 0 0.0 8 100.0 

100 3 3.0 97 97.0 
52 0 0.0 52 100.0 
208 1 0.5 207 99.5 
141 7 5.0 134 95.0 
52 3 5.8 49 94.2 
72 3 4.2 69 95.8 

128 7 5.5 121 94.5 
200 3 % 1.5 197 98.5 
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have very low percentages of tools (the frequencies include both whole 

and broken unifacially and bifacially retouched implements). 

As previously mentioned, archaeologists have frequently used 

variation in lithic debitage and debris to support conclusions about 

occupational variability. For example, Binford and Quimby (1972:369) 

argued that the Point Detour Bay site was probably formed as the result 

of several occupations of very short duration based on the "absence of 

finished tools, chips, pottery and other artifacts." In discussing 

the variability of the important Holcombe Beach site, Fitting (1966: 

111) preferred "to interpret the gross differences in quantity of 

debitage as differences in length of occupation" (see also Fitting 

1967:237, 1968a:129). Working with similar kinds of remains in Texas, 

Shiner (1969, 1970) argued that the lithic debitage and debris repre

sent occupations that lasted only several days (see also Hester 1975: 

219). Similarly, the analysis of debitage from a site in western 

Montana led Hester, Albee, and Wilier (1977:248) to conclude "that 

the debris can be attributed to a temporary occupation (or occupations) 

by a small group, perhaps occurring intermittently over a period of 

years" (for a similar example from North Dakota, see Schneider 1972; 

see also Neumann and Johnson 1979). Again, these studies indicate the 

potential of debitage and debris analysis in investigating prehistoric 

occupational variability. 

Additional examples may be found in the literature of South

western archaeology. The analysis of lithic material from a Cochise 

Stage site in Southern Arizona led Agenbroad (1978:69) to hesitantly 

conclude that the site represented "either an extended occupation or a 



seasonal camp occupied repeatedly" (see also McGuire 1977, Barrera 

1969:108). Nelson, Rugge, and LeBlanc (1978) found significant dif

ferences in the variability of lithic debitage and debris between 

intensively occupied habitation sites and periodically occupied 

special-use sites in the Mimbres Valley. 

These studies and others discussed below provide a basis for 

constructing a typology to measure occupational variability through 

variation in lithic debitage and debris. In several instances the 

observations made on debitage and debris were being used to support 

conclusions about the nature of technological variability (Binford and 

Quimby 1972, Fitting 1968b) and the nature of variation in patterns of 

debitage and debris usage (Chapman 1977, Agenbroad 1978). Technological 

variability refers to differences in techniques of lithic production 

(Jelinek 1971; see also Epstein 1965:162). Variation in patterns of 

usage refers to variation in the extent to which debris and debitage 

may be used in postproduction activities (Collins 1975b). For this 

study, technological variation is considered to be independent of 

variation in patterns of utilization (cf. McPherron 1967:135). This 

distinction provides a way of framing an important problem. If lithic 

data are to be used to support conclusions about occupational varia

bility, then the relations between technological variability and 

patterns of utilization must be determined. That is, it is necessary 

to control for the effects of each source of variability in isolating 

the effects of occupational variability on lithic assemblage varia

bility. This can be accomplished by the design and use of relevant 

units of analysis. 
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Units of Analysis and Lithlc Typology Design 

One of the most productive ways to isolate relevant units of 

analysis is by means of a hierarchical paradigmatic taxonomy (Dunnell 

1971, Whallon 1972). Such a taxonomy is characterized by independent 

dimensions of variability that are hierarchically ordered. Each 

dimension of variability has a finite but mutually exclusive set of 

attributes. For the present study the dimensions of variability and 

their attributes were determined on the basis of previous work. The 

dimensions are discussed with respect to their relative placement in 

the hierarchy. It should be mentioned that the arrangement of the 

dimensions is not wholly arbitrary since it represents a decision key 

of observations that was tested repeatedly and found to be the most 

useful in sorting the material (cf. Schiffer 1976:99ff.). 

Several additional implications of this approach for lithic 

analysis require discussion. First, typologies based on hierarchical 

taxonomies produce categories that are interpretation-free. For 

example, the terms "waste flake" (Schneider 1972, Crabtree 1972) or 

"bifacial retouch flake" (Shiner 1969, 1970) imply certain substantive 

conclusions about the nature of manufacturing activities involving 

lithic technology. But, as a result of experimental studies it is 

becoming clear, as Wobst (1968:200) argues, that the production of the 

attributes of these categories is not context-specific (Sullivan 1978a). 

Thus "lipping" is not an absolute indicator of the method of flake 

removal (Neumann and Johnson 1979) or of the type of percussor used to 

detach the flakes (Patterson and Sollberger 1978). This is an 

especially important consideration when analyzing technologies that 
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are poorly known and whose variability needs to be objectively deter

mined. Data are provided to show that conclusions about technological 

variability can be supported using interpretation-free units of 

analysis-

Second, this approach avoids the excessively empirical methods 

often employed in typology construction (see Binford 1963, Read 1974, 

Decker 1976, Christianson and Read 1977; for criticisms of this approach 

see Fritz 1972:143, Jelinek 1976:19-20). As indicated above, a 

taxonomically based typology provides nontrivial and relevant indica

tions of the factors that contribute to assemblage variability, rather 

than simply providing a statistical description of that variability. 

This can be seen in the capability of taxonomically based typologies to 

make explicit the basis of distinctions that are obscured by non-

taxonomic typologies, such as the distinction between debitage and 

debris and between broken flakes and flake fragments, that have often 

been lumped under the umbrella of shatter (Binford and Quimby 1972, 

Chapman 1977). Similarly, this approach isolates and provides the 

basis for rejecting attributes and categories that are ambiguous, such 

as "block flakes" (Fitting 1968a; see also Wobst 1968). 

Dimensions of Variability and Attributes: 
Arguments of Relevance 

The first dimension of the taxonomy is Raw Material. Many 

archaeologists have commented on the role that raw material variability 

may play in determining the properties of the debitage and debris 

(Lischka 1969, Crabtree 1972, Speth 1972, Huckell 1978, Jones 1979). 

Further, in an innovative study, Johnson et al. (1972) presented 
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evidence that relative differences in raw material frequencies between 

sites could be used to order the sites in time. More importantly, 

several studies have suggested but not conclusively demonstrated that 

an increase in the variation of lithic raw material is an indication of 

greater occupation span (Fitting 1967:241, Schneider 1972). Due to the 

nature of regional lithic procurement and reduction strategies, only 

two attributes pertain to this dimension of variability: (1) chert and 

(2) non-chert. No color distinctions were made in subsequent analysis 

since the range of color variation in the assemblages matches the range 

that occurs in unchipped nodules. 

The second dimension of variability is Detectability of Interior 

Surface. There are two attributes for this dimension. The interior 

surface (detachment surface) of a piece of lithic material is (1) 

detectable or (2) not detectable (cf. Stiles et al. 1974:293). This 

dimension and its attributes are useful because they facilitate the 

separation of debitage from debris (see Osborne 1965:33; Crabtree 1972: 

58). That is, debris possesses none of the characteristics of flakes, 

such as an interior surface or bulb of percussion (see below), that 

permit orientation of the piece with respect to a common point of 

reference. It is important to separate debitage from debris because 

different kinds of technology and different stages of reduction are 

indicated by the relative frequencies of debitage versus debris 

(Fitting 1968b:32). For example, locations of biface manufacture are 

characterized by low frequencies of debris (McPherron 1967:134) while 

locations of primary reduction, quarrying activities in particular, are 

characterized by relatively high frequencies of debris (see Rozen 1979). 
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Further, evidence is provided below to support the notion that flake 

technologies are characterized by significantly higher percentages of 

debris than are preform or biface technologies. 

The third dimension of variability is Presence of Bulb of 

Percussion (cf. Chapman 1977:376, Osborne 1965:33). The two attributes 

for this dimension are (1) the bulb is present or (2) the bulb is not 

present. This dimension and its attributes serve to separate flakes 

(unbroken or broken) from flake fragments, which are presumably the 

medial or distal sections of formerly complete flakes. That is, flake 

fragments have a detectable interior surface but none of the charac

teristics of flakes such as a bulb of percussion or striking platform 

(cf. Lavine-Lischka 1975:26). The separation of flake fragments from 

either debris or broken flakes (see below) has generally not been 

appreciated (see Binford and Quimby 1972:364). But Hester, Albee, and 

Wilier (197 7:244) suggest that the frequency of flake fragments can 

be used to support conclusions about the presence or absence of tool-

manufacturing activities at a given location. Data are provided below 

to support this notion. This dimension does not apply to debris. 

The fourth dimension of variability is Completeness and has two 

attributes: (1) complete and (2) broken. A piece of lithic material was 

considered complete if it exhibited either a feather or hinge termina

tion (see Crabtree 1972:63). If the termination on the piece was not 

a feather or hinge, it was considered broken. The intent of this 

dimension and its attributes is to provide a basis for distinguishing 

whole from broken flakes. Thus, this dimension is essentially 

redundant for flake fragments (which by definition cannot be complete) 
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and debris. By and large, it is difficult to find analyses where the 

distinction between complete and broken flakes has been used to sort 

debitage or provide a basis for advancing conclusions about past 

occupational processes. Further, even when the distinction has been 

made, it apparently does not influence site interpretation (e.g., 

Cummings 1971), being reserved solely for descriptive purposes (see 

Huckell 1978). Several studies have suggested that flake breakage 

results from the propensity of certain kinds of raw material to 

fracture uncontrollably in the process of flaking (Stiles et al. 1974: 

306), or from the method of flake removal (Gould, Koster, and Sontz 

1971:160-161), or a combination of raw material variability and 

technology (Huckell 1973:124). However, the relative frequency of 

complete flakes and broken flakes may provide data to support conclu

sions about reduction strategies (Jelinek 1977b:93). That is, a high 

ratio of broken to complete flakes is an indication of tool manufacture 

(see Jelinek 1976:21) or secondary reduction (Rozen 1979; see also 

Jelinek 1977b:93). Rice (1975:202) has advanced the very plausible 

notion that broken flakes may result from the use of complete flakes 

in activities that lead to flake breakage. Thus, this analytic dis

tinction should help differentiate lithic assemblages that are by

products of manufacturing activities from those assemblages in which 

lithic material was involved in activities other than tool manufacture 

or preform reduction (see Chapter 6). 

The fifth and final dimension of variability is the Cortical 

State of a piece of lithic material. The two attributes for this 

dimension are (1) non-cortical and (2) cortical. If there is any 
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cortex observable on a piece of lithic material (debitage or debris) it 

is considered cortical; otherwise it is considered non-cortical (cf. 

Wobst 1968:203). This dimension is designed to provide an indication of 

the nature of the reduction strategies that existed at a particular 

location (Collins 1975b, Rozen 1979). That is, high frequencies of 

cortical material indicate that relatively unmodified nodules were 

being reduced. Low frequencies of cortical pieces are an indication 

that cores underwent considerable alteration at another location and 

were subsequently transported to the location under study for further 

reduction. These relations have been documented experimentally 

(Newcomer 1971), ethnographically (Gould 1978a, 1978b; Gould, Koster, 

and Sontz 1971) and inferred archaeologically in a variety of contexts 

in North America, including the southeastern United States (Fish 

1978:341, Downer 1977:301), the Great Lakes area (Fitting 1967, 1968a), 

the northern Great Plains (Neumann and Johnson 1979; Schneider 1972; 

Hester, Albee, and Wilier 1977), the southern Great Plains (Shafer 1969, 

Hester 1975), and the Southwest (Lavine-Lischka 1975, Chapman 1977, 

Califf 1977; see also Longacre 1967:122-125). 

The taxonomy formed by the arrangement of the dimensions and 

their respective attributes is displayed in Figure 5.1. Chert has been 

selected as an example of Raw Material since it is the most frequently 

occurring type of raw material recovered from the Pitiful Flats sites 

assemblages. By moving down from the top of the taxonomy and exploring 

the links leading from each decision "node" in the diagram, the relevant 

units of analysis that emerge at the bottom of the taxonomy can be 

understood in terms of how they are related to one another at different 
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Figure 5.1. Taxonomy of Lithic Debitage and Debris 
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levels of generality. These units of analysis are called Product 

Groups (cf. Collins 1975b) and form the set of categories for examining 

assemblage variability from a variety of perspectives (see below). 

The Products Groups (PG) may be converted into their typological 

definitions as follows: 

PG1: complete non-cortical flakes. 

PG2: complete cortical flakes. 

PG3: broken non-cortical flakes. 

PG4: broken cortical flakes. 

PG5: non-cortical flake fragments. 

PG6: cortical flake fragments. 

PG7: non-cortical debris. 

PG8: cortical debris. 

The application of this typology to the Pitiful Flats assemblages 

resulted in a classification of the material. Using data generated from 

this classification, differences in technology and patterns of utiliza

tion between site types will be statistically evaluated. 

Site-Type Patterns in Technological Variability; 
Raw Material Distribution 

Several notable and interesting site-type differences in 

technology emerged when the typology was applied to Pitiful Flats lithic 

assemblages. Non-chert raw materials accounted for only a very small 

percentage of the total amount of debitnge and debris (see Table 5.2). 

The average percentage of non-chert raw materials for all Pitiful Flats 

sites is U.63%, meaning that, on the average, over 95% of the lithic 

material for any site was cliert. Further, the average percentage of 
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Table 5.2. Frequency and percentage of non-chert raw material. 

Site Frequency Per cent 

1 5 2.6 

2 10 2.9 
3 2 14.3 

4 1 1.3 
5 7 12.7 
6 12 3.1 
7 2 0.5 
8 22 0.8 

9 1 0.2 
10 18 5.4 
11 4 2.9 
12 1 5.0 
13 14 7.1 
14 1 5.0 

15 8 7.3 
16 0 0.0 
17 9 9.0 
18 8 8.8 
19 3 12.5 
20 7 1.0 
21 1 2.4 
22 0 0.0 
23 0 0.0 ' 
24 0 0.0 
25 13 10.2 
26 1 12.5 
27 17 17.0 
28 3 5.8 
29 0 0.0 
30 7 5.0 
31 0 0.0 
32 0 0.0 
33 1 0.8 
34 3 1.5 
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non-chert raw materials for ceramic sites (6.31%) is significantly 

different than that for lithic sites (1.56%; see Table 5.3 for results 

of Mann-Whitney test on the percentage data displayed in Table 5.2). 

Table 5.3. Results of Mann-Whitney test for differences in raw material 
percentage between site types. 

Ceramic sites Lithic sites 2-tailed 
mean rank mean rank U probability 

20.4 12.1 196.5 .020 

Two rather unsurprising conclusions are supported by these data 

and the results of the Mann-Whitney test. First, it can be argued that 

ceramic sites were generally occupied longer than lithic sites, given 

the arguments of relevance presented above. That is, a greater chance 

was afforded for a variety of non-chert materials to be procured, 

reduced, and discarded (cf. Schiffer 1975, Gould 1978a, Smith 1978). 

Second, the differences in raw material percentages between site types 

may solely reflect technological differences. That is, there are 

basic differences in the nature of lithic activities that are site-type-

specific. These two possibilities are not logically incompatible, and 

data are provided below to support both conclusions. However, at this 

stage of the analysis, it is important to stress the overriding pattern 

that small percentages of non-chert raw material characterize the 

debitage and debris of Pitiful Flats lithic assemblages. On the basis 

of this empirical fact, further analysis is restricted to chert debitage 
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and debris exclusively. This decision was also based on a desire to 

control for any "noise" that the flaking properties of non-chert 

materials might introduce into the analysis. Note however that this 

decision did not adversely affect the size of individual site samples 

since over 95% of the original site collections were still available 

for analysis. 

Site-Type Patterns in Product Group Distribution 

As a preliminary step in determining inter-site-type techno

logical variability, the percentage occurrence of each unit of 

analysis or Product Group (PG) was computed for each Pitiful Flats 

site. The data are given in Tables 5.4 and 5.5. In addition, a series 

of Mann-Whitney tests was performed on these data to determine if 

significant differences in the relative frequencies of the PGs exist 

between site types. The results of these tests are given in Table 5.6. 

These results suggest that with the exception of PG4 and PG7, 

there are significant differences in the percentage occurrences of the 

same PG between site types. More specifically, the lithic assemblages 

of ceramic sites are characterized by significantly higher percentages 

of complete noncortical and cortical flakes than are lithic sites. 

However, lithic sites are characterized by significantly higher per

centages of broken noncortical flakes (PG3) than are ceramic sites. 

These data contradict some of the basic assumptions regarding the 

factors responsible for flake breakage discussed above. If it is 

assumed that ceramic sites are the remains of habitation or multiple-

activity loci and lithic sites are the remains of limited-activity 



Table 5.4. Product Group (PG) frequencies and percentages (N = site total) for ceramic sites. 

PGl PG2 PG3 PGA PG5 PG6 PG7 PG8 

Site N % N % N % N % N % N% N% N% N 

2 46 14.6 12 3.8 28 8.9 3 0.9 85 26.9 14 4.4 93 29.4 35 11.1 316 
3 0 0.0 0 0.0 2 16.7 0 0.0 6 50.0 2 16.7 2 16.7 0 0.0 12 
5 13 29.5 3 6.8 3 6.8 1 2.3 13 29.5 5 11.4 3 6.8 3 6.8 44 

10 63 20.7 24 7.9 17 5.6 3 1.0 101 33.1 31 10.2 37 12.1 29 9.5 305 
11 19 15.3 12 9.7 8 6.5 1 0.8 45 36.3 14 11.3 11 8.9 14 11.3 124 

12 5 31.3 2 12.5 1 6.3 0 0.0 6 37.5 0 0.0 2 12.5 0 0.0 16 

14 1 5.6 0 0.0 4 22.2 0 0.0 6 33.3 0 0.0 2 11.1 5 27.8 18 
15 24 24.5 9 9.2 4 4.1 1 1.0 32 32.7 9 9.2 12 12.2 7 7.1 98 
16 7 29.2 1 4.2 3 12.5 2 8.3 7 29.2 1 4.2 0 0.0 3 12.5 24 
17 8 9.6 9 10.8 8 9.6 4 4.8 27 32.5 8 9.6 13 15.7 6 7.2 83 
18 15 19.0 8 10.1 4 5.1 0 0.0 25 31.6 8 10.1 14 17.7 5 6.3 79 
19 4 19.0 1 4.8 2 9.5 0 0.0 9 42.9 2 9.5 1 4.8 2 9.5 21 
21 4 10.3 1 2.6 8 20.5 0 0.0 18 46.2 5 12.8 1 2.6 2 5.1 39 
22 2 22.2 1 11.1 3 33.3 0 0.0 2 22.2 0 0.0 0 0.0 1 11.1 9 
23 1 33.3 0 0.0 0 0.0 0 0.0 1 33.3 1 33.3 0 0.0 0 0.0 3 
24 4 22.2 1 5.6 2 11.1 0 0.0 8 44.4 2 11.1 0 0.0 1 5.6 18 

25 21 18.8 5 4.5 7 6.3 2 1.8 47 42.0 12 10.7 14 12.5 4 3.6* 112 
26 1 14.3 2 28.6 1 14.3 0 0.0 2 28.6 1 14.3 0 0.0 0 0.0 7 
27 9 11.2 5 6.3 8 10.0 0 0.0 28 35.0 8 10.0 15 18.8 7 8.8 80 
28 9 18.4 1 2.0 7 14.3 0 0.0 28 57.1 2 4.1 2 4.1 0 0.0 49 
30 27 21.3 7 5.5 14 11.0 2 1.6 43 33.9 15 11.8 18 14.2 1 0.8 127 

31 8 16.3 5 10.2 7 14.3 1 2.0 15 30.6 6 12.2 4 8.2 3 6.1 49 



Table 5.5. Product Group (PG) frequencies and percentages (N = site total) for lithic sites. 

PGl PG2 PG3 PG4 PG5 PG6 PG7 PG8 

Site N N % N N % N N % N N % N 

1 24 14.0 4 2.3 34 19.9 1 0.6 87 50.9 8 4.7 10 5.8 3 1.8 171 
4 8 11.1 3 4.2 14 19.4 1 1.4 31 43.1 4 5.6 6 8.3 5 6.9 72 
6 30 8.0 7 1.9 66 17.6 5 1.3 190 50.8 27 7.2 38 10.2 11 2.9 374 
7 62 16.0 9 2.3 47 12.1 5 1.3 201 51.9 17 4.4 40 10.3 6 1.6 387 
8 553 20.9 74 2.8 420 15.9 33 1.2 1316 49.8 90 3.4 133 5.0 26 1.0 2645 

' 9 85 14.6 26 4.5 94 16.2 9 1.5 281 48.3 36 6.2 31 5.3 20 3.4 582 
13 26 15.4 9 5.3 26 15.4 2 1.2 93 55.0 8 4.7 4 2.4 1 0.6 169 
20 23 3.4 14 2.1 90 13.4 11 1.6 455 67.5 35 5.2 32 4.7 14 2.1 674 
29 19 9.2 0 0.0 25 12.1 2 1.0 151 72.9 4 1.9 5 2.4 1 0.5 207 
32 13 18.8 3 4.3 12 17.4 1 1.4 23 33.3 5 7.2 9 13.0 3 4.3 69 
33 14 11.7 1 0.8 26 21.7 1 0.8 69 57.5 5 4.2 4 3.3 0 0.0 120 
34 25 12.9 4 2.1 30 15.5 1 0.5 120 61.9 4 2.1 10 5.2 0 0.0 194 
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Table 5.6. Results of Mann-Whitney tests for differences in Product 
Group (PG) percentages between ceramic sites and lithic 

sites. 

PG 

Ceramic sites 
mean rank 
N = 22 

Lithic sites 
mean rank 

N - 12 U 

2-tailed 
probability 

1 20.3 12.A 193.0 .028 

2 20.8 11.4 205.5 .008 

3 13.9 24.1 53.0 .004 

4 15.3 21.5 84.0 .077 

5 12.5 26.6 23,0 <.001 

6 20.7 11.6 203.0 .011 

7 18.8 15.1 161.0 .295 

8 20.3 12.3 194.0 .025 



loci, then we should expect to recover more broken flakes at the former 

than at the latter. The argument is that flakes will be broken during 

use in various activities (see Rice 1975), while flakes that are "waste" 

from manufacturing activities will not be broken. But these data 

represent a good case for questioning the validity of these assump

tions; the argument would appear to be incorrect on two counts. First, 

the data and test results reported here and below suggest that large 

relatively heavy flakes were being selected at ceramic sites decreasing 

thereby the probability of breakage during the execution of activities. 

Second, the data support conclusions advanced elsewhere (Henry et al. 

1976; Jelinek 1976, 1977b) that relatively high percentages of broken 

flakes (cortical and noncortical) represent the byproducts of techno

logical activities rather than functional activities, that is, stone 

tool manufacture rather than stone tool use. 

Lithic sites have significantly higher percentages of non-

cortical flake fragments (PG5) in their assemblages than do ceramic 

sites; conversely, ceramic sites have significantly higher percentage 

occurrences of cortical flake fragments (PG6) than do lithic sites. 

This interesting dichotomy is probably related to basic qualitative 

differences in the type of reduction strategies that characterize each 

site type. That is, the higher percentage of noncortical flake frag

ments at lithic sites can be attributed to the reduction of non

cortical blanks and/or preforms into tools that were transported 

subsequently from the locus of production. This conclusion, and other 

data to be presented below, supports Lane's (n.d.) reconstruction of 

regional reduction patterns in the Grasshopper area. Lane presents 
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evidence suggesting that nodule extraction and primary reduction (where 

the nodule was essentially freed of cortex) occurred at locations that 

were different from those where secondary reduction and tool manu

facturing occurred. More specifically, it seems that the cores and/or 

preforms reduced at lithic sites were freed of their cortex at or near 

the loci where nodules were extracted from their natural contexts; the 

blanks and/or preforms made at these locations were transported to 

Pitiful Flats to undergo further reduction, generally into finished 

tools. 

A different reduction strategy was apparently in operation at 

the ceramic sites. The significantly higher percentages of PG1, PG2, 

and PG6 support the conclusion that simple core reduction, or more 

precisely flake production, for the expressed purpose of producing 

serviceable flakes characterized the technology of ceramic sites. The 

significantly higher percentage of cortical debris associated with 

ceramic sites supports this interpretation and the inference that 

cortical nodules or partly cortical blanks were being transported to 

these settlements for purposes of flake production. 

Another line of evidence supporting these interpretations based 

on PG percentages is represented by the distribution of the values of 

H', an information statistic (Yellen 1977:102, Wood 1978:260). This 

statistic measures how evenly the values of a variable, PG percentages 

in the present case, are distributed between categories. Thus, if an 

exceptionally high percentage of artifacts "concentrates" in one of the 

PGs, the H' statistic takes on a lower value than if there is per

centage parity between PGs, in which case H' approaches a value of 
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1.00. One archaeological interpretation of H' is that sites that 

exhibit lower values of the statistic were in all likelihood specialized-

or limited-activity locations while those with higher values were 

multiple-activity locations (Wood 1978:260). 

The H' values for each Pitiful Flats site are given in Table 

5.7. With the intent of drawing technological distinctions at the site-

type level, a Mann-Whitney test performed on these values detected 

significant differences between site types (see Table 5.8). This means 

that lithic sites generally have a more "limited" range of technological 

variability than ceramic sites. Although this empirical finding is not 

revolutionary, it does increase the probability of the interpretations 

advanced above and, as is shown in Chapter 6, provides an excellent 

measure for determining intra-site-type technological variability. 

The conclusion that each site type is characterized by a 

distinctive technology is supported further by the results of a 

discriminant analysis performed on PG percentages. As mentioned in 

Chapter 4, if there is significant overlap between the site types with 

respect to PG percentages, then many of them will be misclassified 

(assigned to the wrong site type) when a blind pass is made through 

the data. Given the results of the Mann-Whitney tests, it comes as 

no surprise to report that the discriminant analysis readily separated 

the site types based solely on the relative frequencies of the PGs. The 

analysis correctly classified 33 of 34 sites. All lithic sites were 

correctly classified as lithic sites, and all but one of the ceramic 

sites were correctly classified. These results are highly significant 



117 

Table 5.7. H' values for ceramic sites and lithic sites. 

Ceramic sites Lithic sites 

Site H' Site H1 

2 .85 1 .69 
3 .90 4 .81 

5 .86 6 .73 
10 .87 7 .71 
11 .87 8 .69 

12 .89 9 .76 
14 .91 13 .66 

15 .85 20 .57 
16 .88 29 .48 

17 .92 32 .85 

18 .91 33 .63 

19 .84 34 .61 

21 .78 
22 .95 
23 1.00 
24 .84 

25 .81 
26 .96 

27 .91 
28 .70 
30 .84 
31 .91 

Table 5.8. Results of Mann-Whitney test for differences in values of H' 
between ceramic sites and lithic sites. 

Ceramic sites Lithic sites 
(N = 22) (N = 12) 2-tailed 
mean rank mean rank U probability 

22.9 7.5 251.5 <.001 
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(X^ = 30.12; p < .001) as is the discriminant function (p < .001). This 

means there is little or no overlap between site types. 

An examination of the values of the standardized discriminant 

function coefficients of each PG reveals that PG5 (noncortical flake 

fragments) acts as a powerful discriminator since it has a value far 

greater than any other PG (see Table 5.9). Also, it can be seen from 

Table 5.9 that the values of noncortical PG standardized discriminant 

function coefficients rank higher than the values for the cortical PGs. 

This is to be expected because cortical pieces have rather low 

frequencies of occurrence in Pitiful Flats assemblages in general, 

thereby implying that they would not be useful in discriminating 

between the site types. 

Table 5.9. Product Group (PG) rankings based on standardized 
discriminant function coefficient values. 

PG Coefficient 

5 70.0 
1 A3.8 
7 40.0 
3 36.9 

6 35.9 
8 32.8 
2 31.0 
4 8.9 
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The major conclusion drawn from the results of the Mann-Whitney 

tests and the discriminant analysis is that the technological varia

bility of the site types is mutually exclusive. That is, the relative 

frequencies of the same PGs form two essentially non-overlapping 

discrete distributions. This means that, technologically, ceramic sites 

are not simply lithic sites with sherds or that lithic sites are ceramic 

sites minus sherds. The debitage and debris recovered from ceramic 

sites suggest a reduction strategy oriented to core reduction for the 

purpose of obtaining flakes with serviceable properties (additional data 

are provided below and in Chapter 6 to both support and qualify this 

conclusion). On the other hand, the debitage and debris recovered from 

lithic sites suggest a reduction strategy oriented to the reduction of 

noncortical cores (probably blanks) into tools that were then transported 

from the site. 

Additional Aspects of Variability at 
the Site-Type Level 

The foregoing analyses demonstrate that stone was being 

processed in fundamentally different ways depending on the site type. 

Additional aspects of variability of the Pitiful Flats lithic assemblages 

are examined in the following analyses. These aspects are properties 

or characteristics of the debitage and debris not implied by the 

typological definitions of the Product Groups. The basic notion is 

that "artifacts can differ while remaining in the same taxa" (White and 

Thomas 1972:277). As is shown below, this variation provides confirma

tion for some of the conclusions that have been advanced and provides 

data to support new conclusions about site-type differences in 
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assemblage variability after the effects of technology have been 

"controlled." 

In this study only two additional aspects of lithic variability 

are explored: (1) artifact size and (2) patterns of utilization. 

Artifact size, or more precisely the size of the debitage and debris, 

was selected because a variety of studies have shown that it provides 

relevant data regarding stone toolmaking and stone tool use. Experi

mental studies by Newcomer (1971:93) and Patterson and Sollberger (1978: 

104) have established that there is an inverse relation between 

quantity and weight of debitage and debris produced during tool manu

facturing episodes. This relation has also been documented ethno-

archaeologically by Gould (1978b:818-824) in Australia and White and 

Thomas (1972) in New Guinea. In addition, a number of archaeological 

studies have indicated the interpretive potential of using categorical 

weight variability as a means of measuring technological variability 

(Wobst 1968; Thomas 1975:79; Nelson, Rugge, and LeBlanc 1978; Neumann 

and Johnson 1979). More specifically, they have demonstrated that 

weight frequency distributions that are positively skewed provide some 

evidence for the presence of toolmaking activities that might have been 

obscured by analysis of categorical data (e.g., PG percentages) alone. 

The second property of the debitage and debris explored in this 

study is variation in the occurrence of edge damage. The relative 

occurrence of edge damage on artifacts has been interpreted generally 

as an indication of the kinds and range of activities involving chipped 

stone that were once performed at a settlement (Odell 1980). A low 

frequency of edge damage is considered evidence for toolmaking activities 



exclusively. A relatively high frequency of edge damage, on the other 

hand, is generally considered a correlate of activities other than or 

in addition to stone tool manufacture. There is, however, no a priori 

reason to dismiss the possibility that the byproducts of tool manu

facture, blank reduction, or core reduction might have been used in 

various activities (see White and Thomas 1972:285). Thus, in deter

mining the relative occurrence of edge damage at a particular site, 

there was no selection for "utilized flakes" only. All pieces of debris 

and debitage were examined for traces of edge damage since ethno-

archaeological investigations have noted that all byproducts of reduc

tion are often selected for a variety of tasks (see Gould, Koster, and 

Sontz 1971; Isaac 1976; Gould 1978b; White and Thomas 1972). 

It should be noted that the edge damage information is the least 

reliable of the Pitiful Flats data sets. This is because the alterna

tive nonbehavioral agencies that produce edge damage could not be 

unquestionably separated from the edge damage produced through human 

agency, a common problem apparently in Southwestern lithic analysis 

(McNutt and Euler 1966:416-417, Keller 1979:15-17). Further, the 

abundance of damaged edges per artifact is used here only as a rough 

measure of utilization patterns. Given the nature of the data (surface 

material) and the methods for determining "edge damage" no attempt was 

made to infer the kind of material(s) being worked (Keeley 1977) or 

the specific kinds of activities once performed at a site (Wilmsen 

1968, McGuire 1977, Chapman 1977). 
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Quantifying Artifact Size and Edge Damage; Method, Coding 
Strategy, and Statistical Analysis 

All pieces of chipped stone belonging to the same PG from a 

recovery unit were weighed as a group. In addition, the total number 

of damaged edges identified for that group was tallied. Thus, 

statistical analysis was not based on weight and edge damage data for 

each piece of debitage and debris, except of course if a particular 

piece was the only representative of a particular PG from a recovery 

unit. Values for each object, however, were determined from the group 

weight and edge damage values as follows. The mean weight for each 

piece of debitage and debris was determined by dividing the recorded 

weight of the group by the number of objects comprising the group. . 

Thus if a particular recovery unit contained 10 complete noncortical 

flakes (PG1) whose combined weight was 25 grams, the mean weight of each 

flake was 2.5 grams and that particular recovery unit contained 10 

examples of PG1 flakes weighing 2.5 grams each. 

The number of damaged edges per artifact was determined 

similarly. For example, if 7 damaged edges were discovered on the 

10 PG1 flakes, each flake has a mean of .7 damaged edges and there are 

10 cases of PG1 flakes with .7 damaged edges each for that particular 

recovery unit. As is shown below, this procedure was extremely useful 

for drawing distinctions between site types with respect to patterns of 

utilization. 

For intra-site-type analysis (site-specific analysis) it was 

necessary to know only how many pieces of debitage and debris exhibited 

edge damage and what their weights were. So for example (and this is an 
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extreme example since it was unusual to recover more than one repre

sentative of a PG from a single recovery unit) if 33 PG1 flakes from a 

single recovery unit weighed a total of 66 grams and 18 damaged edges 

had been enumerated for the group, the data would be as follows: (1) 

there are 18 complete noncortical flakes with traces of edge damage, 

each flake weighing 2 grams and (2) there are 15 complete non-

cortical flakes showing no traces of edge damage, each flake weighing 

2 grams. 

This strategy was developed within two constraints beyond my 

control. First, the triple-beam balance used to record artifact 

weights could not register values less than .1 gram. This meant that 

for sites characterized by extremely small debitage and debris, 

several artifacts would had to have been weighed simultaneously to 

register a value of .1 gram. Second, in order to stay within the 

limits of available funding, it was necessary to aggregate observations 

where possible to offset data processing costs. This meant that each 

of the 11,197 specimens used in this study could not be recorded 

separately. 

There is a notable statistical effect associated with this 

strategy. That effect is to reduce intra-case and inter-case variation 

with respect to both artifact size and edge damage frequencies. Thus, 

the coding strategy biased characteristics of the data in favor of not 

detecting differences, at the site-type level or site level, in artifact 

size or frequency of edge damage. Therefore, if any significant differ

ences are demonstrated, then they must be quite robust and real since 

they are not obscured by the coding strategy. It should be noted that 
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similar data processing procedures have been used in lithic analysis 

(Young and Sheets 1975), subsistence-settlement studies (Kowaleski 

1980), physical anthropology (Garn 1979), and in certain aspects of 

climatic research (J. S. Dean, personal communication). 

Artifact Size; Statistical Analysis and Results 
at the Site-Type Level 

The artifacts of each PG for a single recovery unit were weighed 

on a triple-beam balance to the nearest .1 gram (cf. White and 

Thomas 1972:289). Frequency distributions were generated for each 

site in 1.0 gram intervals (see Appendix C). Inspection of these 

distributions reveals that, like the recovery-unit data discussed in 

the preceding chapter, they are quite strongly positively skewed 

(Pearsonian Coefficient of Skewness values are given in Table 5.10). 

Because of this, median weight values were determined for each PG for 

all Pitiful Flats sites and are used in the following analyses (see 

Tables 5.11 and 5.12). 

A series of Mann-Whitney tests was performed on the data to 

determine if significant differences in PG weight exist between ceramic 

sites and lithic sites. The results of these tests are given in 

Table 5.13. 

When these results are combined with those of the analyses based 

on PG percentages, site-type-specific technological patterns crystallize. 

The fact that the median weights of PGs 1, 3, 5, and 8 are significantly 

different supports the conclusion that raw material was being processed 

quite differently at the two site types. This strengthens the same 

conclusion advanced based on the PG percentage data. More specifically, 
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Table 5.10. Pearsonian Coefficient of Skewness values (P-value) for 
lithic weight data. 

Ceramic sites Lithic sites 

Site P-value ' Site P-value 

2 .96 1 .64 
3a .25 4 .85 
5 1.38 6 .78 

10 .97 7 .49 

11 .98 8 .44 
12 1.50 9 .80 

14 1.41 13 .91 
15 1.02 20 .54 
16 .83 29 .59 
17 .92 32 1.31 

18 1.03 33 .42 
19 1.18 34 .86 

21 1.13 
22 .99 
23 .83 
24 1.05 
25 1.05 
26 .89 
27 .96 
28 .64 
30 1.24 
31 1.37 

Very small sample. 
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Table 5.11. Median Product Group (PG) weight (g) for ceramic sites. 

Site PG1 PG2 PG3 PG4 PG5 PG6 PG7 PG8 

2 1.73 1.50 1.52 4.70 .73 2.35 1.18 3.30 

3 1.65 2.50 6.75 3.25 
5 1.33 3.00 .80 6.60 .79 .70 .20 .30 

10 2.75 8.78 1.43 2.90 1.70 3.70 2.37 3.10 

11 3.90 2.15 5.70 6.50 1.90 2.40 4.00 4.05 
12 1.70 7.35 1.80 .50 8.55 

14 15.70 .90 3.20 2.00 60.15 
15 1.45 3.40 1.70 25.20 1.05 2.38 1.15 15.80 

16 2.60 12.40 4.60 19.20 2.30 1.60 7.40 

17 3.78 16.33 2.35 2.85 1.30 3.03 4.36 8.05 
18 3.00 3.35 3.15 2.30 4.20 2.15 8.00 

19 1.35 19.10 2.40 1.23 5.40 .30 3.50 

21 2.90 9.10 1.20 .48 2.90 .40 1.85 

22 1.85 5.50 2.40 3.55 28.30 

23 8.00 .80 2.80 

24 1.20 11.10 1.85 1.45 14.90 2.30 
25 1.84 3.30 2.46 4.50 .94 1.28 2.04 5.75 

26 5.80 14.55 1.00 10.50 1.30 
27 4.78 4.10 1.55 .70 1.05 2.23 5.90 
28 4.78 .90 2.20 1.20 1.40 1.80 
30 2.13 7.10 3.90 .80 1.15 5.50 1.05 7.00 
31 .65 5.80 .70 9.10 .67 5.35 .55 4.00 



127 

Table 5.12. Median Product Group (PG) weight (g) for lithic sites. 

Site PG1 PG2 PG3 PG4 PG5 PG6 PG7 PG8 

1 .53 1.15 .25 8.50 .40 1.95 .20 .80 

4 .73 3.15 .91 1.60 .91 1.63 1.25 1.00 
6 1.14 1.70 .70 .98 .64 1.03 1.62 1.70 

7 .63 1.90 1.48 .30 .50 .70 .90 1.05 
8 .56 1.02 .35 .32 .38 .52 .69 2.07 

9 .45 1.03 .41 .83 .40 1.35 1.90 1.93 
13 .98 9.30 .63 .70 .78 2.15 1.20 .20 

20 .90 1.85 .50 .90 .40 .48 .61 1.95 
29 .96 .54 .95 .50 1.70 .48 1.20 

32 1.28 .60 .55 1.60 .61 3.40 2.50 .90 
33 .19 64.40 .42 .30 .30 .58 .75 

34 1.17 4.10 .81 12.40 .67 3.45 .45 

Table 5.13. Results of Mann-Whitney tests for differences in median 
Product Group (PG) weights between ceramic sites and 
lithic sites. 

Ceramic sites Lithic sites 
mean rank mean rank 2-tailed 

PG N = 22 N - 12 U probability 

1 22.6 8.2 244.0 <.001 

2 19.5 13.8 176.0 .113 
3 22.4 8.5 240.5 <.001 

4 16.0 20.3 99.0 .224 
5 22.5 8.3 242.5 <•001 
6 19.4 14.0 174.5 .123 
7 17.8 16.9 139.5 .787 
8 20.5 12.1 197.0 .019 
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it appears that the technology of lithic sites was oriented to the 

reduction of blanks or preforms into finished tools of varying 

morphologies (see Chapter 6), while the technology of ceramic sites was 

characterized by flake production, as evidenced by the consistently 

heavier debitage and debris. As a final note, it seems quite plausible 

that the significantly higher percentage occurrence and median weight 

of PG1 flakes at ceramic sites is an indication that this PG was 

selected for modification into preforms or tools at lithic sites, 

thereby decreasing its frequency in lithic site assemblages and lowering 

the median weight (cf. Judge 1973, Wilmsen 1974). 

Edge Damage Frequency: Statistical Analysis and 
Results at the Site-Type Level 

The edge of a piece of debitage or debris was considered 

"damaged" if systematic micro-flaking (Chapman 1977), polish (Newcomer 

and Keeley 1979:199), striations (Keeley 1977), or "rounding of 

projections on tool edges" (Frison 1979:264) were observed on any edge 

of an artifact (Bayham 1976:198). Every edge of every piece of debitage 

and debris was inspected with a lOx geological hand lens (cf. Odell and 

Odell-Vereecken 1980). And to reduce the possibility that bulldozer, 

cattle, recovery, and "bag" retouch (cf. Knudson 1979:280) would be 

included, those edges that exhibited marked differences in patina and 

distribution of flake scars (Tringham et al. 1974) were not enumerated. 

Clearly, this operational definition of edge damage does not permit the 

discrimination of exterior unifacial retouch from heavy use wear, 

although this is not a severe analytic problem given the low frequency 
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of unifacial tools recovered from Southwestern sites in general and from 

the Pitiful Flats sites in particular. 

The median number of damaged edges per artifact for each PG 

represented at a site was calculated (see Tables 5.14 and 5.15). A 

series of Mann-Whitney tests was performed on these data to determine 

if there were significant differences in the median number of damaged 

edges per artifact between site types. The results of these tests are 

presented in Table 5.16. 

There are significant differences in the median number of 

damaged edges observed on PG1 and PG5 between site types. In fact, it 

can be seen that ceramic sites have significantly higher values of edge 

damage for these product groups than lithic sites. This is not 

totally unexpected since complete noncortical flakes (PG1) would 

generally be selected for use in a variety of tasks at locations where 

activities other than tool manufacture occurred. In addition, such 

activity should also produce a significantly higher frequency of 

fragments exhibiting edge damage; these artifacts were undoubtedly 

produced as a result of the breakage of whole flakes. The fact that 

lithic sites have a significantly higher frequency of edge damage 

observed on PG4 pieces is not directly interpretable since PG4 

artifacts generally occur in low frequency at lithic sites. 

As an adjunct to the Mann-Whitney tests, discriminant analysis 

was performed on the median weight and median edge damage data. Again 

the intent of these analyses was simply exploratory, to see if ceramic 

sites and lithic sites formed overlapping or discrete sets with respect 

to technology (as indicated by the weight data) and patterns of 
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Table 5.14. Median number of damaged edges per artifact by Product 
Group (PG) for ceramic sites. 

Site PG1 PG2 PG3 PG4 PG5 PG6 PG7 PG8 

2 

CM • .79 .08 0.00 .51 .93 .12 .03 
3 .50 1.25 .50 0.00 
5 .75 1.25 1.25 0.00 .89 .67 .75 0.00 
10 .70 .50 .35 0.00 .18 .15 .06 .08 

11 .82 .25 .17 0.00 .43 .38 .05 .10 
12 1.75 .50 1.00 1.17 0.00 

14 0.00 .17 .20 0.00 0.00 

15 .91 .29 1.17 0.00 .63 .60 .17 .08 
16 1.25 1.00 .75 .50 1.25 1.00 0.00 
17 .90 1.08 .50 .50 .55 .07 .04 .10 
18 1,08 .83 .50 ,33 .75 .85 .13 
19 1.00 1.00 1.00 .63 .50 0.00 1.00 
21 1.50 0.00 .17 .50 0.00 0.00 0.00 
22 0.00 1.00 .75 .50 0.00 
23 2.00 1.00 1.00 
24 .83 1.00 .50 .30 1.50 0.00 
25 .92 .33 .83 0.00 .42 .25 .50 0.00 
26 0.00 1.00 0.00 0.00 0.00 
27 1.13 .67 .30 .31 .30 .13 .63 
28 1.40 1.00 1.80 1.13 1.50 .50 
30 .78 1.00 .38 .50 .37 .22 .10 0.00 
31 .90 1.00 .20 0.00 .81 .25 .17 0.00 



131 

Table 5.15. Median number of damaged edges per artifact by Product 
Group (PG) for lithic sites. 

Site PG1 PG2 PG3 PG4 PG5 PG6 PG7 PG8 

1 1.02 .50 .50 1.00 .49 .83 .06 .75 

4 .88 .63 .67 1.00 .88 .75 .83 .67 
6 .07 .67 .02 .13 .01 .04 .04 0.00 

7 .56 .67 .29 .33 .33 .11 .04 0.00 
8 .11 .05 .04 0.00 .05 .01 .07 .04 

9 .04 .27 . .01 0.00 0.00 .03 .03 .08 
13 .50 .40 .50 0.00 .22 .75 .25 0.00 

20 .05 .28 .04 .05 .08 .13 .03 0.00 

29 .23 .06 .50 .07 .75 .13 1.00 

32 .43 .25 .50 1.00 .05 .13 0.00 .25 
33 .28 2.00 ,49 1.00 .36 .13 0.00 
34 .06 .50 .10 1.00 .01 .50 0.00 

Table 5.16. Results of Mann-Whitney tests for differences in median 
Product Group (PG) damaged edges between ceramic sites and 
lithic sites. 

Ceramic sites Lithic sites 
mean rank mean rank 2-tailed 

PG N = 22 N = 12 U probability 

1 20.5 11.9 199.0 .016 
2 19.3 14.3 170.5 .161 
3 19.9 13.2 184.0 .060 
4 13.7 24.5 48.0 <.001 
5 21.4 10.3 218.0 <.002 
6 18.1 16.4 145.5 .623 
7 17.3 17.8 128.0 .882 
8 16.4 19.5 107.5 .322 
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utilization (as indicated by the edge damage data). Inspection of 

Table 5.17 reveals that, by and large, site-type-specific patterns exist 

with respect to technology and frequency of edge damage. However, if 

attention is focused on those sites misclassifled by each discriminant 

analysis, several interesting patterns emerge. With regard to median 

product group weight, all lithic sites were correctly classified but 

five ceramic sites were misclassified as lithic sites. This suggests 

that there is perhaps considerable technological variability within 

ceramic sites. More specifically, there is a distinct possibility that 

tools were manufactured at some ceramic sites but not at others. 

Table 5.17. Results of discriminant analysis based on median product 
group weight and median frequency of edge damage per 
product group. 

Predicted group membership 

Ceramic sites Lithic sites 

Median product group weight: 

Actual group Ceramic sites (22) 17 5 
membership Lithic sites (12) 0 12 

X2 = 16.94 (p < .001) 

Median frequency of edge damage per product group: 

Actual group Ceramic sites (22) 20 2 
membership Lithic sites (12) 1 11 

X2 = 23.06 (p < .001) 
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A single lithic site was misclassified as a ceramic site because 

of its relatively high frequency of edge damage, indicating the presence 

of activities other than tool manufacture (Tainter 1979). The general 

conclusion based on these results is that considerable intra-site-type 

variation may exist with respect to technology and utilization. 

Summary 

Statistical analysis of the Pitiful Flats lithic assemblages 

disclosed that ceramic sites and lithic sites represent discrete sets 

in terms of technology and usage of debitage and debris. At the site-

type level, it appears, on the basis of the PG percentages and median 

PG weight, that ceramic sites were locations of flake production and 

perhaps some tool manufacture, while lithic sites were apparently the 

locations of tool manufacture by reduction of blanks and/or preforms. 

It was shown that a high percentage of PG5, low median PG weight, and 

low H' values are reliable empirical indicators of the presence of 

secondary reduction (Rozen 1979), most likely tool manufacture. These 

"traces" are shown to be of great utility in detecting the presence of 

multiple technologies, e.g., flake production and blank reduction, at 

sites (Chapter 6). 

The notion that lithic sites in general represent the remains 

of limited-activity loci such as chipping stations is certainly 

confirmed by the results of the Mann-Whitney tests on several data 

sets, especially the values of the H' statistic. That they functioned 

in some additional capacity, however, is demonstrated by the abundance 

of edge-damaged artifacts. Ceramic sites have an even higher incidence 
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of edge damage, which suggests "habitation" loci where a variety of 

activities were apparently performed (see Plog and Hill 1971). 

The fact that the Mann-Whitney tests show that significant 

differences in PG percentages, PG median weight, and PG median number 

of damaged edges obtain between site types (results that were duplicated 

by the discriminant analyses) provides not only a foundation for 

inferring major technological and use patterns between the two site 

types but indicates that the typology performs as a somewhat sensitive 

measuring device for these systemic phenomena. These results may be 

significant for Southwestern lithic research, which until recently has 

seldom focused on debitage and debris through the use of interpretation-

free units of analysis (see Rozen 1979). In any event, the distinctions 

in technology and usage patterns at the site-type level do not indicate 

whether: (1) only flake production occurred at ceramic sites and (2) 

activities other than tool manufacture occurred at lithic sites. A 

detailed analysis designed to investigate these and other site-specific 

phenomena is presented in Chapter 6. 



CHAPTER 6 

LITHIC ASSEMBLAGE AND NONASSEMBLAGE EVIDENCE FOR 
SETTLEMENT VARIABILITY 

Introduction 

Analysis of the Pitiful Flats lithic assemblages in this 

chapter explores the technological and usage variability of debitage 

and debris at the level of the individual site. This is accomplished 

by the following strategy. First, groups of sites within each site 

type are formed on the basis of similarity of technological charac

teristics. Technological similarity is determined by three independent 

lines of evidence discussed below. Then, having "controlled" somewhat 

for technological variability, each site is interpreted individually, 

although comparisons with other sites in the same technological group 

are made if sample size permits, with respect to patterns of utiliza

tion. Finally, a brief occupational history of each site is advanced 

based on conclusions about the nature of settlement technology (Judge 

1973), usage patterns of the debitage and debris, and the nature of 

nonassemblage variability. It is demonstrated that there is con

siderable intra-site-type variation in terms of how long and how 

intensively sites were occupied. 

Technological Groupings: Evidence and Assumptions 

In empirically demonstrating the existence of different 

reduction strategies within site types and the existence of a variety 
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of technologies at a single site, three lines of evidence are 

developed. Each line of evidence is now discussed in detail. 

The frequency distributions of debitage and debris weight 

(Appendix C) vary in several ways; some distributions are highly 

concentrated with a short range of values (see Site 1), while others 

are more widely dispersed (see Site 10). This variety can be described 

and used subsequently for classification purposes by correlating the 

percentage of objects that occur in a given weight interval (called per 

cent frequency) with the percentage of the total weight accounted for 

by that interval (called per cent weight; see Doelle 1976:145-150). For 

example, 76.6% of the debitage and debris from Site 1 weighs one gram 

or less and accounts for 50.6% of the total weight of the debitage and 

debris; 13.5% of the material weighs between 1 and 2 grams and accounts 

for 17.8% of the total weight; and so on (see Table 6.1). The general 

relationship between these variables, that is, per cent frequency and 

per cent weight, is that as the range of weight values increases, the 

probability of obtaining a significant correlation between the two 

variables decreases. The reason is that a few large heavy pieces 

account for an inordinately high percentage of the total weight of the 

distribution (see Table 6.1). 

Differences in the correlation between per cent frequency and 

per cent weight are indicative of differences in technology. Blank 

and/or preform reduction (see Muto 1971, Judge 1973:85-88) results in 

the production of large quantities of small debris with a restricted 

range of weight values (see also Henry et al. 1976, Neumann and Johnson 

1979). Therefore, the presence of blank or preform reduction can be 
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Table 6.1. Debitage and debris weight data. 

Weight interval n Per cent frequency Per cent weight 

Site 1 

1 131 76.6 50.6 
2 23 13.5 17.8 
3 13 7.6 15.1 
4 1 .6 1.5 
9 1 .6 3.5 
15 2 1.2 11.6 

Kendall's Tau = .966 (p = .004) 

Site 12 

1 5 31.3 7.1 
2 5 31.3 14.3 
5 2 12.5 14.3 
8 1 6.3 11.4 
10 1 6.3 14.3 
11 1 6.3 15.7 
16 1 6.3 22.9 

Kendall's Tau = -.441 (p = .083) 

Site 14 

1 6 33.3 1.9 
3 1 5.6 .9 
4 2 11.1 2.5 
5 1 5.6 1.6 
8 2 11.1 5.0 
9 1 5.6 2.8 

16 1 5.6 5.0 
33 1 5.6 10.3 
63 2 11.1 39.3 
99 1 5.6 30.8 

Kendall's Tau = 0 (p = .500) 
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inferred if there is a significant correlation between per cent 

frequency and per cent weight. On the other hand, there should be no 

correlation between these variables if flake production was the 

dominant aspect of the lithic technology, since there will be greater 

variation in the size of debitage and debris (Patterson and Sollberger 

1978), represented by a wider range of weight values (see Table 6.1). 

The nonparametric correlation coefficient called Kendall's Tau (Gibbons 

1976:296) is used because of the small sample sizes and the non-

normal nature of the data. 

Another important indication of technological variability is 

reflected by variation between Product Group (PG) weights. No weight 

differences between PGs support two inference situations. First, it 

can be inferred that the last stages of tool manufacture (Muto 1971) or 

refurbishing of worn tools (Frison 1968, Stafford 1978:22) occurred 

because the byproducts of this technological activity are all relatively 

of the same size, albeit rather small. Second, the presence of flake 

production can be inferred because this type of reduction strategy 

tends to produce byproducts that exhibit greater variability in size 

than the byproducts of tool finishing but are relatively similar in 

size. This interpretation rests on the assumption that flakes with 

serviceable properties that exhibit a somewhat narrow range of size 

variability are desired end-products (see White and Thomas 1972). 

The detection of weight differences between PGs also supports 

two inference situations. First, differences in debitage and debris 

size may result from blank reduction where large thinning flakes and 
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small debris are produced (Newcomer 1971, Neumann and Johnson 1979). 

Second, differences in PG weight may also result from the presence of 

both flake production and blank reduction at a single site. That is, 

the debitage and debris from flake production and that from the 

reduction of blanks and/or preforms would be mixed, but detectable 

given these methods, within a single lithic assemblage. The Kruskal-

Wallis technique, a nonparametric equivalent of one-way analysis of 

variance (Gibbons 1976:174-175), is used because of the sometimes small 

and varying PG sample sizes, and because of the skewed nature of the 

weight frequency distributions (Appendix C). 

The final line of evidence for inferring the nature of techno

logical variability is the absence or presence of broken bifaces. The 

complete absence of broken bifaces is taken as an indication that blank 

reduction or tool refurbishing did not occur at a particular location. 

In contrast, the presence of medial biface fragments, snapped tips, and 

aborted preforms is a strong indication that tool manufacture from 

either blanks or preforms has occurred (see Judge 1973:83). 

Determining Patterns of Utilization 

This aspect of individual site analysis was designed to 

determine if there was selection for particular byproducts of lithic 

reduction. Two independent variables were used in this phase of the 

analysis. The first variable, which is the percentage of artifacts 

exhibiting at least one damaged edge (%ED), measures the extent to which 

lithic artifacts were involved in activities (DeBoer 1976). It is 

therefore a somewhat imprecise measurement of intensity of occupation 
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(cf. Tainter 1979). The second variable is the outcome of a statistical 

test of weight difference between artifacts with edge damage and those 

without edge damage. That is, depending on the nature of the techno

logical byproducts, the activities conducted at a settlement, and 

perhaps as a result of their frequency of occurrence, it is expected 

that some sites will show significant weight differences between 

artifacts with edge damage and artifacts without edge damage (cf. 

Bayham 1976:206). 

The Use of Principal Components Analysis (PCA) 
in Interpreting Individual Site Variability 

Along with the nonparametric techniques mentioned above, PCA is 

used to assist in the process of providing data to support conclusions 

about the nature of technological, utilization, and occupational 

variability for each Pitiful Flats site. PCA was chosen because it 

provides a meaningful summary score for each site based on all the 

values of the variable entered into the PCA (Kim 1975:470; see also 

Cooley and Lohnes 1971, White and Thomas 1972:291-292). For the 

purposes of the present analyses the first principal component is of 

particular interest because it is the "single best summary of linear 

relationships in the data" (Kim 1975:470; see also Doran and Hodson 

1975:195). The value of using first principal component scores is 

that since the scores have inherent meaning in terms of their relative 

positions along the first principal component, they can be used to 

indicate site similarity within different variable classes (techno

logical variability, utilization variability, nonassemblage variability; 

see Judge 1973:281, Vierra and Taylor 1977). 
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First principal component scores were extracted only for the 

median weight and median number of damaged edges for PG1, PG3, and PG5. 

The reason is that these PGs account for a significant percentage of the 

debitage and debris collected from the Pitiful Flats sites. For ceramic 

sites, these three PGs account for approximately 65.7% of the lithic 

material recovered from any one site, while for lithic sites, approxi

mately 83.0% of the material is accounted for by these PGs. This 

procedure reduced the variance or "noise" in these data created by 

infrequently occurring cortical PGs (2, 4, 6, 8) and the highly varying 

occurrence of PG7 (see Tables 5.4 and 5.5). Further, in order to make 

the first PC scores as meaningful as possible, PCA was performed on 

intra-site-type groupings determined by the outcome of the Tau 

correlations on the per cent frequency and per cent weight data (see 

below). 

Intra-Site-Type Grouping Procedures 

As a preliminary grouping procedure, sites were placed in 

Technological Groups (TG) based on the outcomes of the statistical 

analyses described above, specifically the Kendall's Tau and Kruskal-

Wallis techniques. Using procedures similar to Whallon's (1972) rules 

for determining ceramic groups based on the outcome of Chi-squared 

tests, sites that exhibited a significant correlation between per cent 

frequency and per cent weight were separated from those sites that 

exhibited no correlation between the two variables. 

Following this procedure, TGs were formed on the basis of the 

outcomes of two Kruskal-Wallis analyses. K-W^ refers to the 
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Kruskal-Wallis analysis where all PGs were used, K-W2 to the Kruskal-

Wallis analysis where only the non-cortical PGs (1, 3, 5, 7) were used. 

The reason for both Kruskal-Wallis analyses is that infrequent but 

rather large cortical artifacts often "over contributed" to the produc

tion of significant weight differences between PGs when all eight PGs 

were used in the analysis. The second Kruskal-Wallis analysis was 

simply a check on this possibility. As is shown below, the outcomes of 

both analyses were generally similar, that is, the null hypothesis was 

either rejected or retained by both K-W^ and K-W2. However, sites that 

did not follow this pattern were separated from those sites where the 

results of both K-W^ and K-W2 agreed with one another. 

Lithic Site Interpretations 

From the analyses conducted in Chapter 5, it is known that, in 

general, lithic sites are characterized by reduction of essentially 

cortex-free blanks. There is, however, some technological variability 

within the site type. In fact, on the basis of the results of the 

Tau (see Table 6.2) and Kruskal-Wallis analyses, the Pitiful Flats 

lithic sites can be divided into four Technological Groups (TGs) as 

follows (K-W test results are provided in tables accompanying each site 

interpretation below): 

TGI (Tau not significant; rejected by K-W^ and —Site 33; 

TG2 (Tau significant; H0 rejected by K-W^, retained by K-W2)— 

Sites 1, 13, and 34; 

TG3 (Tau significant; rejected by K-W^ and K-W2)—Sites 6, 7, 8, 

9, 20, 29; 
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Table 6.2. Tau correlations between per cent frequency and per cent 
weight for lithic sites. 

Site Tau N Sig. 

1 .966 6 .004 
4 .526 10 .018 
6 .741 12 .001 

7 .584 10 .010 
8 .892 10 .001 
9 .866 15 .001 

13 .711 17 .001 
20 .733 13 .001 
29 .894 6 .006 
32 .491 8 .045 
34 .692 12 .001 

33 .298 6 .201 

TG4 (Tau significant; retained by K-W^ and K-V^)—Sites 4, 32. 

Further, it is demonstrated that a considerable amount of variation 

exists even within these TGs with respect to patterns of utilization 

and nonassemblage variability. Each lithic site is now interpreted in 

terms of these major variable classes (cf. Beaudry 1979:35). Also, 

general conclusions are advanced about the characteristics of each TG. 

TGI: Site 33 

Site 33 is the only lithic site that did not exhibit a 

significant correlation between per cent frequency and per cent weight 

of the debitage and debris, yet the properties of the material permitted 

rejection of the null hypothesis by K-W.^ and K-W.,. The apparent 

contradictory aspects of these data can be explained as follows. Site 
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33 was probably formed as the result of an occupation that was techno

logically "mixed." The K-W tests suggest that both shaping and 

thinning of blanks was performed, yielding a range of tools of various 

sizes. In fact, the relatively small size of the debitage (Site 33 has 

the lowest first PC score on median PG weight) supports this conclusion, 

along with the presence of six bifacial fragments. 

However, the lack of a correlation between per cent frequency 

and per cent weight suggests that something other than blank reduction 

occurred at Site 33. Examination of the utilization data provides some 

insight into this paradoxical situation. Site 33 exhibits a moderately 

high percentage of artifacts with edge damage (39.2%: 47/120). Further, 

the Mann-Whitney test disclosed significant weight differences between 

artifacts with edge damage and artifacts without edge damage (see 

Table 6.3). All these data suggest that activities other than blank 

reduction occurred at Site 33. Apparently, the site was also the 

location of flake production (nonsignificant Tau) and the resultant 

"heavy" pieces were selected for activities. 

The technological and utilization interpretations are supported 

somewhat when nonassemblage data are evaluated. The values for site 

2 
area (641 m ), density (.58), and distribution (4.14) are somewhat 

atypical for lithic sites, which are generally larger, more dense, and 

have more clustered distributions of material. The occupational 

history of Site 33 apparently consisted of a single, perhaps moderately 

intensive occupational episode of short duration. This interpretation 

will become more understandable after other site interpretations have 

been offered to provide a comparative context. 



145 

Table 6.3. Site 33: results of Kruskal-Wallis and Mann-Whitney tests. 

Product group 

1 2 3 4 5 6 7 
(n=14) (n=l) (ri=26) (n=l) (n=6?) (n=5) (n=4) 

K-\*1 

Mean rank 40.8 120.0 67.7 54.0 57.5 83.3 92.0 

N = 120 X2 = 14.50 (p = .025) 

K-W„ 

Mean rank 39.4 66.7 55.1 88.5 

N = 113 X2 = 10.52 (p = .015) 

M-W 

Artifacts without Artifacts with 2-Tailed 
edge damage (n=73) edge damage (n=47) U Probability 

Mean rank = 52.8 Mean rank = 72.4 1155.5 .002 
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TG2: Introduction 

It can be seen from the data presented in Table 6.4 that TG2 

is a very heterogeneous set of lithic sites. As a set, Sites 1, 13, 

and 34 differ from all other Pitiful Flats lithic sites in one 

important respect. The exclusion of the cortical PGs in the K-W 

analysis (K-V^) revealed no weight differences between the noncortical 

PGs. These results support several interpretations about TG2 sites 

in general. First, it is possible that the cortical PGs were not 

connected with blank or preform reduction but represent some other 

unspecifiable reduction strategy. Like Site 33, then, the TG2 sites 

would have been technologically mixed. The relatively low percentage 

of cortical PGs at the sites (9.4%, 11.8%, and 4.7% respectively) 

argues against this conslusion. Second, preforms in almost finished 

form, with some cortex on them, could have been transported to the 

sites. The cortex was then trimmed from the preforms in a couple of 

blows producing several large cortical pieces of debitage and debris. 

Subsequent reduction to finished artifacts then proceeded. The evidence 

discussed below seems to support the latter interpretation although the 

kind of preform brought to the site, especially its relative size, and 

the nature of the implements manufactured and subsequently transported 

from these sites seem to have differed remarkably. 

It should be emphasized that the pattern of preform reduction 

for TG2 sites should be distinguished from blank reduction where an 

object is taken alternatively through several stages of thinning and 

shaping (see Muto 1971; see also Bryan 1950). The distinction between 

blank and preform reduction can be drawn as follows. A blank is the 
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Table 6.4. First principal component scores for TG2 sites — Number in 
parentheses is the amount of variance, expressed as a 
percentage, accounted for by first principal component 
(number beside score is site's rank for all sites with 
significant Tau: N=ll). 

Site 
Product group 
weight (55.7) 

Product group 
edge damage (89.6) 

Nonassemblage 
variability (66.7) 

1 -1.41 (11) 1.40 (2) -.45 (8) 

13 .82 (3) .52 (3) -.63 (9) 

34 .98 (2) -.75 (8) -.41 (6) 

"lithic unit from which the preform is made or from which the artifact 

is made if there is no preform stage" (Judge 1973:85). A preform, on 

the other hand, represents "a distinctive intermediate stage of 

manufacture in which the blank is modified in a specific manner neces

sary for the eventual production of a specific implement" (Judge 1973: 

88). Thus, the TG2 pattern seems to be one of preform finishing only. 

In other words, the cortical material is incidental too, and seems to 

be masking a technology oriented to the finishing of bifacial imple

ments from preforms (in distinction to the reduction of blanks—see 

TG3 below). Despite the underlying technological similarity, individual 

site interpretations show that TG2 sites are characterized by marked 

diversity in all major variable classes. This diversity provides an 

excellent foundation for inferring how occupational variability leads to 

variation in other settlement characteristics, despite the fact that at 

the technological level, the sites are similar. 
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TG2: Site 1 

As a result of the statistical tests and grouping procedures 

described above, Site 1 can be interpreted as the location of the final 

phases of tool manufacture from preforms. This interpretation is 

supported by the very small size of the debitage recovered from the 

site; the first PC score for product group weight ranks last (see 

Table 6.4). A total of three biface fragments and no complete bifaces 

were recovered from Site 1; two of the fragments were projectile point 

bases. Given these data it appears that Site 1 was the location of 

small tool finishing; however, the possibility of tool refurbishing 

cannot be discounted. 

That Site 1 was not the location of tool manufacturing 

exclusively is indicated by the utilization data. Site 1 has the second 

highest percentage of artifacts with edge damage (55.6%:95/171) of all 

the Pitiful Flats lithic sites. In addition, significant weight 

differences exist between artifacts with edge damage and those without 

edge damage (see Table 6.5). These data support the notion that a 

set of activities requiring heavier pieces was often performed. 

This conclusion is supported further by the fact that Site 1 has the 

second highest PC score for Product Group edge damage (see Table 6.4). 

When the nonassemblage data are evaluated, it can be seen that 

the formation of Site 1 was not complex but somewhat unusual. Site 1 

has the second lowest density value for a Pitiful Flats lithic site 

(.36) and the lowest Coefficient of Dispersion value (1.12) of any 

lithic site, yet is the third largest site (behind Sites 9 and 20). The 

interpretation that best fits these data is that Site 1 was formed as 
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Table 6.5. Site 1: results of Kruskal-Wallis and Mann-Whitney tests. 

Product group 

1 2 3 4 5 6 7 8  
(n=24) (n=4) (n=34) (n=l) (n=87) (n=8) (n=10) (n=3) 

K-W^ 

Mean rank 88.3 138.6 70.2 169.0 84.1 139.6 73.0 103.8 

N=171 X2 = 21.71 (p = .003) 

K-W; 

Mean rank 84.1 66.9 81.7 69.3 

N=155 X2 = 3.48 (p = .312) 

M-W 

Artifacts without Artifacts with 2-Tailed 
edge damage (n=76) edge damage (n=95) U probability 

Mean rank = 74.7 Mean rank = 95.0 2753.0 .007 
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the result of a series of very nonintensive occupational episodes. 

Each occupational episode was characterized by the finishing of small 

preforms and/or the refurbishing of small implements. Further, 

the byproducts of this technological activity were used extensively. 

TG2: Site 13 

Site 13 appears to have been the scene of preform finishing. 

The preforms brought to the site were relatively large in comparison 

to the small preforms finished at Site 1. This conclusion is supported 

by the relatively large biface fragments (average weight of the frag

ments is 6.3 grams) and the relatively "heavy" debitage as indicated 

by Site 13 having the third highest first PC score for PG weight 

(see Table 6.4). 

With respect to patterns of utilization, a moderate percentage 

of artifacts exhibit edge damage (39%:66/169). Also, activities were 

performed with generally "heavier" pieces of debitage and debris (see 

Table 6.6). 

It appears that Site 13 probably functioned in a capacity other 

than the location of "heavy" preform reduction. This is indicated 

somewhat by the recovery of two projectile point bases, which is 

commonly taken as evidence for the presence of "base camp" activities 

(Dawson and Judge 1969). That is, a hafted point broken during the 

hunt is detached from the valuable shaft and discarded at the camp 

(Judge 1973:264-265). However, since the small size of the two bases 

does not correspond to the rather bulky debitage and debris, which is 

clearly the result of reducing large preforms, it is unclear whether 
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Table 6.6. Site 13: results of Kruskal-Wallis and Mann-Whitney tests. 

Product group 

1  2 3  4 5  6 7 8  
(n=26) (n=9) (n=26) (n=2) (n=93) (n=8) (n=4) (n=l) 

K=W1 

Mean rank 91.1 147.4 70.5 73.5 77.9 125.0 107.6 19.5 

N=169 X2 = 27.43 (p < .001) 

K-W2 

Mean rank 86.2 66.8 73.2 98.4 

N=149 X2 = 4.05 (p = .256) 

M-W 

Artifacts without Artifacts with 2-Tailed 
edge damage (n=103) edge damage (n=66) U probability 

Mean rank = 75.5 Mean rank = 99.8 2423.0 .002 
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each occupational episode at Site 13 was characterized by both large 

preform reduction and "camp activities." On a rather speculative level, 

o 
the moderate size of the site (1969 m ) coupled with low density (.34) 

and a soifiewhat high Coefficient of Dispersion value (6,42) suggests a 

series of low to moderately intensive occupational episodes of short to 

moderate duration. 

TG2: Site 34 

The technology of Site 34 seems to have been oriented toward 

the shaping and thinning of preforms. However, both the preforms 

brought to the site and the size of the tools being made from them were 

relatively large as indicated by the first PC score for PG weight (see 

Table 6.4). Again, with the paradoxical exception of Site 1, this 

appears to be the technological pattern for TG2 sites. 

Site 34 presents some rather conflicting data with respect to 

patterns of utilization. There are significant weight differences 

between artifacts with edge damage and artifacts without edge damage 

(see Table 6.7). However, unlike Sites 1 and 13, Site 34 has a very 

low percentage of artifacts exhibiting edge damage (13.4%:26/194), 

second only to that of Site 8 (see below). These data suggest that 

activities other than tool manufacturing infrequently occurred at Site 

34, but that when they were performed they required the use of generally 

"heavier" artifacts. 

Consideration of the nonassemblage variability of Site 34 

supports the interpretation that the site was almost exclusively the 

location of preform reduction. Site 34 is the smallest Pitiful Flats 
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Table 6.7. Site 34: results of Kruskal-Wallis and Mann-Whitney tests. 

Product group 

12 3 4 5 6 7 
(n=25) (n=4) (n=30) (n=l) (n=120) (n=4) (n=10) 

K-W^ 

Mean rank 104.1 168.0 99.4 192.0 92.1 178.3 69.8 

N=194 X2 = 21.36 (p = .002) 

K-W2 

Mean rank 102.1 97.7 91.8 71.1 

N=185 X2 = 2.71 (p = .439) 

M-W 

Artifacts without Artifacts with 2-Tailed 
edge damage (n=168) edge damage (n=26) U probability 

Mean rank = 92.0 Mean rank = 132.9 1263.5 <.001 
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lithic site yet has the second highest Coefficient of Dispersion value 

(14.25), indicating that the distribution of material is highly 

clustered. On the basis of this evidence, it appears that the 

occupational history of Site 34 was that of a single occupational 

episode where the primary activity was tool manufacture. Further, the 

duration of the occupation was relatively short though of rather 

high intensity. 

Summary Remarks for TG2 Sites 

It would seem that Sites 1, 13, and 34 were both similar and 

dissimilar technologically. Preforms were brought to all three sites 

in the same state of reduction, that is, not all surfaces were free of 

cortex. However, the sites are dissimilar to the extent that small 

preforms were brought to Site 1 while relatively large ones were 

brought to Sites 13 and 34. Also, the patterns of utilization of the 

debitage and debris, especially as indicated by %ED, differed among 

the sites. These subtle yet apparently significant differences in 

technology and utilization patterns underlie qualitative differences in 

the occupational histories of the TG2 sites. Site 34 would seem to 

have had the shortest yet most intensive single occupational episode; 

Site 1 probably had the least intensive set of several short occupa

tional episodes, while Site 13 was characterized by several moderately 

intensive occupational episodes of short to moderate duration. 

TG3: Introduction 

TG3 consists of six sites: 6, 7, 8, 9, 20, and 29. On the basis 

of the outcomes of the Tau correlation and K-W^ and K-V^ analyses, which 
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showed significant weight differences between PGs when cortical PGs 

were included and excluded from the K-W analyses, it can be concluded 

that TG3 sites were once the locations of the full range of reduction 

from blank to finished artifact. Unlike TG2 sites, there is little 

evidence for tool refurbishing since few definitive projectile point 

bases were recovered; most of the fragments were from bifaces of 

varying sizes. However, there are differences between TG3 sites with 

respect to settlement technology, patterns of utilization, and non-

assemblage variability. 

It can be seen from Table 6.8 that certain sites within TG3 are 

somewhat similar to one another. A cluster analysis (Ward's method— 

see Chapter A) performed on the first PC scores given in Table 6.8 

reveals that three "clusters" can be discerned within TG3. Each cluster 

is discussed in turn. 

TG3: Cluster 1 

Cluster 1 consists of three sites, 6, 7, and 9, although 

inspection of Figure 6.1 reveals that Sites 6 and 7 are much more closely 

related to one another than they are to Site 9. For purposes of dis

cussion, then, Sites 6 and 7 will be interpreted jointly followed by 

Site 9. 

Technologically, Sites 6 and 7 are quite similar. They were 

both certainly locations of blank thinning and shaping. This inter

pretation is supported by results of the statistical tests (see Tables 

6.9 and 6.10) and by the fragments recovered from their surfaces (5 

fragments from Site 6; one biface, one aborted preform, three fragments, 
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Table 6.8. First principal component scores for TG3 sites --- Number in 
parentheses is the amount of variance, expressed as a 
percentage, accounted for by first principal component 
(number beside score is site's rank for all sites with 
significant Tau: N=ll). 

Product group Product group Nonassemblage 

Site weight (55.7%) edge damage (89.6%) variability (66.7%) 

6 .72 (4) -.86 (10) .09 (4) 

7 .43 (6) .43 (4) -.11 (5) 

8 -1.31 (9) -.74 (7) 2.78 (1) 

9 -1.35 (10) -.91 (11) .34 (2) 

20 -.58 (8) -.76 (9) .31 (3) 

29 -.14 (7) -.56 (6) -.41 (7) 
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Figure 6.1. Dendrogram of Lithic Sites in Technological Group 3 (TG3) 
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Table 6.9. Site 6: results of Kruskal-Wallis and Mann-Whitney tests. 

Product group 

1 2 3 4 5  6 7 8  
(n=30) (n=7) (n=66) (n=5) (n=190) (n=27) (n=38) (n=ll) 

K=W1 

Mean rank 210.5 276.9 167.9 198.1 164.3 217.4 259.6 260.0 

N=374 X2 = 41.11 (p < .001) 

K-W2 

Mean rank 189.0 152.4 148.1 231.4 

N=324 X2 = 28.44 (p < .001) 

M-W 

Artifacts without Artifacts with 2-Tailed 
edge damage (n=302) edge damage (n=71) U probability 

Mean rank = 173.1 Mean rank = 246.3 6510.5 <.001 
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Table 6.10. Site 7: results of Kruskal-Wallis and Mann-Whitney tests. 

Product group 

1 2 3 4 5  6 7 8  
(n=62) (n=9) (n=47) (n=5) (n=201) (n=17) (n=40) (n=6) 

K-W^ 

Mean rank 203.1 244.1 250.5 133.4 175.9 196.6 192.9 240.0 

N=387 X2 = 22.03 (p = .0025) 

K-W2 

Mean rank 184.4 228.9 159.7 178.3 

N=350 X2 = 18.64 (p < .001) 

M-W 

Artifacts without Artifacts with 2-Tailed 
edge damage (n=248) edge damage (n=139) U probability 

Mean rank = 178.5 Mean rank = 221.6 13396.5 <.001 
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and one aborted blank from Site 7)• Their close similarity is 

evidenced by close first PC scores for Product Group weight (see 

Table 6.8). 

However, the two sites are less similar in terms of patterns 

of utilization. While some activity in conjunction with blank reduc

tion occurred at each site, there was evidently greater intensity of 

activity performance at Site 7 than Site 6. This is because Site 7 has 

a moderate percentage of artifacts with edge damage (35.9%:139/387) 

while Site 6 has a somewhat low percentage of artifacts with edge 

damage (19.0%:71/173). 

This interpretation is supported by the nonassemblage charac

teristics of Sites 6 and 7. Site 7 is 1.7 times as large and the 

material is 1.5 times as clustered as that of Site 6. With these 

data, it can be argued that the DSU of Site 7 was greater than Site 6, 

probably a result of a greater number of occupational episodes. Thus, 

although Sites 6 and 7 appear to have had similar functions, tool 

manufacture plus some other activity, apparent differences in occupa

tional history produced two sites with superficially similar charac

teristics. The fact that Site 6 is 1.5 times as dense as Site 7 is a 

good indication that the byproducts of blank reduction were not used 

extensively in alternative activities as was the case at Site 7, 

meaning that Site 6 was more of a "limited-activity" site than was 

Site 7. 

Site 9 appears to have been produced by technological 

activities emphasizing the manufacture of somewhat small bifacial 

implements. Probably small blanks were brought to this location and 
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were finished into artifacts which were subsequently transported from 

the site. The primary evidence for this interpretation is represented 

by the low weight of the debitage in general (the first PC score for 

PG weight ranks very low—see Table 6.8). In addition, a total of 

seven small biface fragments were recovered from Site 9; this is 

expectable given the tendency for small and thin bifaces to fracture 

if not properly supported in the final stages of manufacture (Crabtree 

1972:60, Muto 1971). 

Apparently, there was minimal usage of the debitage and debris. 

Site 9 has the second lowest percentage of artifacts exhibiting edge 

damage (tied with Site 34; 13.4%:78/582) and the lowest first PC score 

for Product Group edge damage (see Table 6.8). However, even though 

activities auxiliary to biface manufacture occurred at Site 9 with an 

infrequent rate of performance, whenever they were performed, generally 

"heavier" artifacts (see Table 6.11) were required, as is the case with 

all TG3 sites. 

Site 9 is the largest site encountered on Pitiful Flats. Also, 

the clustered nature of the debris (Coefficient of Dispersion = 9.53) 

is exceeded only by Sites 8 and 34. All of these data suggest that 

Site 9 was formed over a considerable period of time as a result of 

numerous occupational episodes where blanks, in a very reduced condi

tion, were finished into small tools. Further, there was minimal, 

albeit selective, use of the debitage and debris. By and large, then, 

Site 9 was a limited-activity site, sensu stricto. 
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Table 6.11. Site 9: results of Kruskal-Wallis and Mann-Whitney tests. 

Product group 

1 2 3 4 5  6 7 8  
(n=85) (n=26) (n=94) (n=9) (n=281) (n=36) (n=31) (n=20) 

K-W-^ 

Mean rank 299.8 401.4 270.4 394.6 242.2 398.5 413.1 478.3 

N=582 X2 = 95.94 (p < .001) 

K-W2 

Mean rank 271.8 249.7 223.7 366.2 

N=491 X2 = 32.35 (p < .001) 

M-W 

Artifacts without Artifacts with 2-Tailed 
edge damage (n=504) edge damage (n=78) U probability 

Mean rank = 276.1 Mean rank = 390.8 11910.5 <.001 
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TG3: Cluster 2 

Cluster 2 consists of two sites: 20 and 29. Technologically, 

these two sites were undoubtedly the locations of tool manufacture (see 

Tables 6.12 and 6.13). More specifically, both sites seem to have been 

formed as the result of the shaping of blanks rather than (1) the 

shaping and thinning of blanks or (2) the thinning only of blanks. This 

inference is supported by several lines of evidence. First, Sites 20 

and 29 have the two highest percentage occurrences of PG5 (noncortical 

flake fragments; 67.5% and 72.9% respectively). Second, only one 

biface fragment was recovered from each site—a small tip (projectile 

point ?) from Site 20 and an indeterminate fragment from Site 29. It 

seems there is a direct relation between shaping and the production of 

a very high percentage of noncortical flake fragments (PG5). 

Sites 20 and 29 are quite similar with respect to patterns of 

utilization. The percentage of artifacts with edge damage is rela

tively low for both sites (18.8%:127/674 and 23.2%:48/207 for Sites 20 

and 29 respectively). And like other TG3 sites, there are significant 

weight differences between artifacts with edge damage and those without 

edge damage, indicating that whenever activities other than blank 

shaping occurred they required "heavier" artifacts. However, these 

activities were clearly secondary and peripheral to the technological 

activities. 

Sites 20 and 29 differ somewhat with respect to their surface 

characteristics (nonassemblage variability). Site 20 is over three 

times as large, 1.42 times as dense, and has a Coefficient of Dis

persion that indicates the material is 1.75 times as clustered as at 
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Table 6.12. Site 20: results of Kruskal-Wallis and Mann-Whitney tests. 

Product group 

1 2 3 4  5 6 7 8  
(n=23) (n=14) (n=90) (n=ll) (n=455) (n=35) (n=32) (ri=l4) 

K-W^ 

Mean rank 402.9 616.4 349.7 484.6 307.0 349.1 410.5 552.0 

N=674 X2 = 70.80 (p < .001) 

K-W2 

328.8 285.9 380.8 

N=600 X2 = 16.28 (p = .001) 

M-W 

Artifacts with 2-Tailed 
edge damage (n=127) U probability 

Mean rank 368.0 

Artifacts without 
edge damage (n=547) 

Mean rank = 319.1 Mean rank = 416.6 24684.5 <.001 



165 
i 

Table 6.13. Site 29: results of Kruskal-Wallis arid Mann^Whitney tests. 

Product group 

1 3 4 5 6 7 8 
(n=19) (n=25) (n=2) (n=151) (n=4) (n=5) Cn=l) 

K-W^ 

Mean rank 154.1 113.2 158.8 93.8 184.4 74.5 177.0 

N=207 X2 = 29.84 (p < .001) 

K-W2 

Mean rank 150.3 109.4 93.6 73.9 

N=200 X2 = 18,16 (p < .001) 

M-W 

Artifacts without Artifacts with 2-tailed 
edge damage (n=159) edge damage (n=48) U probability 

Mean rank = 96.0 Mean rank = 130.6 2537,0 <.001 
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Site 29. It is quite possible that these differences reflect differ

ences in the DSU of the two sites. That is, since Sites 20 and 29 

are quite similar in terms of technology and patterns of utilization, 

these differences in nonassemblage variability must be related to 

occupational variability. More specifically, it seems that Site 20 

was simply visited more times than was Site 29. Thus the number of 

occupational episodes was greater for Site 20 than Site 29, although 

each occupational episode was of the same duration and intensity as 

each group was apparently performing the same range of activities, 

at similar rates of performance, during each occupational episode. 

TG3: Cluster 3 

Cluster 3 consists of a single site—Site 8. Ever since its 

discovery, Site 8 has been considered a unique site within the set of 

Pitiful Flats lithic sites. Its distinctiveness derives primarily 

from its surface characteristics (see first PC score, Table 6.8) which 

result apparently from the major function of the site as a biface 

"factory." Like other TG3 sites, Site 8 was formed as a result of 

blank shaping and thinning as evidenced by outcomes of statistical 

tests (see Table 6.14) and by the recovery of 38 whole and broken 

bifaces. The rather small size of the debitage, as indicated by first 

PC score for PG weight (see Table 6.8), and the size of the "bifaces 

and fragments support the conclusion that "smallish" implements were 

being produced. 

Site 8 has the lowest percentage of artifacts with edge damage 

(12.0%:318/2642) of any Pitiful Flats site, suggesting that activities 
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Table 6.14. Site 8: results of Kruskal-Wallis and Mann-Whitney tests. 

Product group 

1 2  3 4  5 6  7 8  
(n=553) (n=74) (n=420) (n=33) (n=1316) (n=90) (n=133) (n=26) 

K-W^ 

Mean 
rank 1689.1 2166.9 990.3 1114.2 1134.6 1555.3 1936.7 2368.0 

N=2645 X2 = 522.78 (p < .001) 

K-W2 

Mean 
rank 1584.5 941.9 1079.2 1821.5 

N=2422 X2 = 368.05 (p < .001) 

M-W 

Artifacts without Artifacts with 2-Tailed 
edge damage (n=2324) edge damage (n=318) U probability 

Mean rank = 1272.2 Mean rank = 1682.1 245844.5 <.001 
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other than tool manufacture were seldom performed at Site 8, However, 

when these alternate activities were performed they required "heavier" 

artifacts as indicated by results of the Mann-Whitney test (see Table 

6.14). 

Clearly, the occupational history of Site 8 was quite different 

from all other Pitiful Flats lithic sites (and most likely quite differ

ent from all other Pitiful Flats sites regardless of site type). As 

can be seen from Figure 6.1 (TG3 dendrogram), Site 8 is very dissimilar 

from other TG3 sites due mainly to the extreme density (1.86) and 

Coefficient of Dispersion (132.61) values. These data in conjunction 

with the technological and utilization inferences imply that this 

fairly large site was formed as the result of numerous occupational 

episodes characterized by intensive tool manufacture. Each occupational 

episode was probably not of longer duration than those of other TG3 

sites but the intensity of activity performance was certainly much 

greater. 

Summary Remarks for TG3 Sites 

The TG3 sites offer good evidence for some of the introductory 

statements made in Chapter 1. Clearly, all six TG3 sites were involved 

in tool manufacture, specifically the reduction of blanks into bifacial 

implements. However, it was demonstrated that the size of the finished 

implements differed between sites, that is, "largish" bifaces were made 

at Sites 6 and 7 while "smallish" ones were made at Sites 8 and 9, 

while blanks were shaped at Sites 20 and 29. Also, the patterns of 

debitage and debris utilization varied remarkably between sites from 
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moderately high (Site 7) to very low (Sites 8 and 9). All of these 

technological and utilization differences were detected from sites with 

somewhat similar nonassemblage characteristics, with clear exception 

of Site 8, that masked dissimilar occupational histories. 

TG4: Introduction 

TG4 consists of two sites—Site 4 and Site 32. They are the 

only Pitiful Flats lithic sites where significant weight differences 

between PGs were not detected by both K-W^ and K-W^. As suggested 

above, this situation mar arise from either (1) last stages of preform 

reduction or (2) core reduction. The fact that Kendall's Tau correla

tion coefficient is significant for both sites suggests, however, that 

preform reduction might be the more likely choice in this situation. 

Other data, however, support the conclusion that the lithic assemblages 

of Sites 4 and 32 are more like those from ceramic sites. That is, 

technologically Sites 4 and 32 represent a combination of technologies 

where preforms were reduced into tools and cores were reduced for 

serviceable flakes. The evidence is as follows. First, the values of 

Tau for Sites 4 and 32 (.526 and .491 respectively) are the lowest Tau 

values for the lithic sites, suggesting that the typical truncated 

frequency distributions associated with preform reduction have been 

elongated by the presence of heavy pieces of debitage and debris. 

Second, Sites 4 and 32 have the lowest percentage of their total 

assemblages accounted for by PGs 1, 3, and 5 (73.6% and 69.5% 

respectively) and more importantly have the lowest value percentages 

of PG5 (43.1% and 33.3% respectively). Since lithic sites generally 
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have high percentages of PG5 and have a high percentage of their total 

assemblages accounted for by PGs 1, 3, and 5 (average is 83%), the 

TG4 sites were not locations of either preform or blank reduction 

exclusively. 

TG4: Site 4 

Site 4 has the heaviest debitage (see Table 6.15 for first PC 

score) and the highest percentage of artifacts with edge damage of any 

Pitiful Flats lithic site (69.4%:50/72). Further, no biface fragments 

were recovered from the site. Both the technological and utilization 

data, then, support the notion that Site 4 was the locus of non-

typical lithic site activities. The conclusion that best fits these 

data is that the technology of Site 4 was dominated by flake production 

(Site 4 has the highest percentage of cortical debris, PG8 = 6.9%, of 

any lithic site). 

Table 6.15. First principal component scores for TG4 sites — Number in 
parentheses is the amount of variance, expressed as a 
percentage, accounted for by the first principal component 
(number beside score is site's rank for all sites with 
significant Tau: N=ll). 

Product group Product group Nonassemblage 

Site weight (55.7%) edge damage (89.6%) variability (66.7%) 

4 1.16 (1) 1.99 (1) -.70 (10) 

32 .67 (5) •24 (5) -.78 (11) 
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The fact that there are no significant weight differences 

between artifacts with edge damage and those without edge damage is 

yet another indication of the distinctiveness of Site 4 vis-a-vis 

other lithic sites (see Table 6.16). The result of the Mann-Whitney 

test suggests that a set of activities occurred at Site 4 which did 

not require "heavier" artifacts or that the nature of the activities 

required that the artifacts be of several different sizes. 

The technological and utilization data seem to point toward a 

common interpretation of the occupational history of Site 4. That is, 

it seems that Site 4 was once the location of non-toolmaking activities 

where flakes were produced and used extensively in a set of un-

specifiable activities. These activities (flake production and 

extensive use of debitage and debris—see especially first PC score 

for PG edge damage Table 6.15) resulted in the formation of a small, 

not very dense, and relatively non-clustered site. On a somewhat 

speculative level it might be argued that although Site 4 is not 

directly comparable to other lithic sites given its distinctive set 

of characteristics, it was nevertheless probably occupied only once, 

but that occupational episode was of longer duration than other single 

occupation lithic sites because it takes only a somewhat short period 

of time to produce a biface (see Newcomer 1971, Henry et al. 1976) and 

a much longer period of time to damage the edges on such a high per

centage of artifacts. 
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Table 6.16. Site 4: results of Kruskal-Wallis and Mann-Whitney tests. 

Product group 

1 2 3  4 5  6 7 8  
(n=8) (n=3) (n=14) (n=l) (n=31) (n=4) (n=6) (n=5) 

K-W]L 

Mean rank 29.1 60.3 34.8 45.0 34.2 52.0 38.3 37.2 

N=72 X2 = 7.80 (p = .350) 

K-W2 

Mean rank 26.7 30.5 30.0 33.4 

N=59 X2 = .55 (p = .907) 

M-W 

Artifacts without Artifacts with 2-Tailed 
edge damage (n=22) edge damage (n=50) U probability 

Mean rank = 32.5 Mean rank = 38.2 463.0 .286 
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TG4: Site 32 

Site 32 differs from Site 4 in several important respects. 

Technologically, Site 32 appears to have been the locus of both core 

and preform reduction, with perhaps preform reduction somewhat dominant 

in the settlement's technology. The evidence for core reduction con

sists of the lowest percentage of PG5 (as mentioned above) and the 

second highest percentage of PG8. The evidence for preform reduction 

consists of the failure of both K-W^ and K-W^ to detect significant 

weight differences between PGs (see Table 6.17), a refurbished broken 

projectile point, and a rather enigmatic marginally retouched thick 

biface. Although this is admittedly weak evidence, it is strengthened 

somewhat by the rather low to moderate weight of the debitage (first 

PC score ranks fifth of eleven—see Table 6.15). Thus, Site 32 might 

have been the only Pitiful Flats lithic site where (1) flakes were 

produced for subsequent manufacture into small bifaces or (2) flakes were 

brought to the location and retouched into both large and small bifaces. 

Site 32 is unlike Site 4 especially with regards to patterns 

of utilization. Only a moderate percentage of the debitage and debris 

exhibited damaged edges (27.5%:19/69). The fact that there are 

significant weight differences between artifacts with edge damage and 

those without edge damage suggests that activities were performed that 

required "heavier" artifacts in general, although the rate of per

formance of these activities was not intensive. This conclusion is 

supported somewhat by an examination of the nonassemblage variability 

of Site 32. The relatively small size of the site, relatively low 

density (.43), and the second lowest Coefficient of Dispersion (1.47) 
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Table 6.17. Site 32: results of Kruskal-Wallis and Mann-Whitney tests. 

Product group 

1  2 3  4 5  6 7 8  
(n=13) (n=3) (n=12) (n=l) (n=23) (n=5) (n=9) (n=3) 

K-Wĵ  

Mean rank 35.9 34.2 28.8 49.0 29.0 49.9 45.2 42.5 

N=69 X2 = 9.27 (p = .234) 

K-W2 

Mean rank 30.8 25.5 25.8 29.3 

N=57 X2 = 5.08 (p = .166) 

M-W 

Artifacts without Artifacts with 2-Tailed 
edge damage (n=50) edge damage (n=19) U probability 

Mean rank = 31.1 Mean rank = 45.2 281.5 .009 
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all point to an occupational history characterized by a single, non-

intensive occupational episode of relatively short duration. 

Summary Remarks for TG4 

While Sites 4 and 32 are different from all other lithic sites, 

they are also quite distinct from one another as regards technology, 

patterns of utilization, and occupational histories. These underlying 

differences are masked by their surface characteristics, where the only 

real difference is that the distribution of surface material at Site 4 

is twice as clustered as that of Site 32. On the basis of these data, 

Site 4 reflects a more intensive occupation of greater duration than 

Site 32. 

Ceramic Site Interpretations: Introduction 

Providing individual site interpretations for the 22 Pitiful 

Flats ceramic sites is a more complicated task than providing interpre

tations for the lithic sites for several reasons. First, the ceramic 

sites exhibit a wide range of technological variability. Second, there 

is, expectedly, much variation present in site-specific patterns of 

utilization. And third, there are two sets of nonassemblage variability 

to be accounted for in any site interpretation: (1) nonassemblage 

variability at the site level (influenced by the occurrence of both 

sherds and lithics) and (2) nonassemblage variability of the lithic 

material exclusively (cf. Stafford 1978:32, Beaudry 1979:30). The 

variation produced by all of these factors is indicated by the 

relatively low amount of the total variance accounted for by the first 

principal component scores of the major variable sets (site nonassemblage 
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variability, PG weight, and PG edge damage—see Tables 6.28, p. 186; 

6.35, p. 200; 6.41, p. 213; 6.42, ,p. 213; 6.44, p. 218) and by the 

relatively low percentage of the total lithic assemblage accounted for 

by PGs 1, 3, and 5 (the PGs entered into the PCA). 

Following the grouping procedures discussed above, the 22 

ceramic sites were divided into two major classes based on the outcome 

of the correlation between per cent frequency and per cent weight of 

the debitage and debris weight frequency distributions (Appendix C). 

Class A sites exhibited a significant correlation while Class B sites 

did not (see Table 6.18). The assemblage and nonassemblage charac

teristics of the two classes are discussed with the aid of some 

familiar statistical tests before the TGs (Technological Groups) within 

each class are defined and discussed. 

Assemblage Differences Between Class A and 
Class B Ceramic Sites 

Several lines of evidence support the notion that major techno

logical differences exist between Class A sites (Sites 2, 5, 10, 11, 15, 

18, 21, 25, 27, 28, and 30) and Class B sites (Sites 3, 12, 14, 16, 17, 

19, 22, 23, 24, 26, and 31). First, Class A sites have a higher number 

of complete and broken bifaces than do Class B sites (Table 6.19). In 

fact, Mann-Whitney tests performed on the data in Table 6.19 show 

significant differences in the frequencies of (1) whole bifaces, (2) 

broken bifaces, and (3) total bifaces between the two classes of sites 

(see Table 6.20). Second, the values of H' (see Table 6.21), the 

information statistic that measures how evenly artifacts are distributed 

between categories, are different between Class A and Class B sites. 
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Table 6.18. Tau correlations between per cent frequency and per cent 

weight for ceramic sites. 

Class A sites Class B sites 

Site Tau N Sig. Site Tau N Sig. 

2 .594 23 .001 3 .540 6 .065 
5 .674 9 .006 12 -.441 7 .083 
10 .699 24 .001 14 0 10 .500 

11 .496 18 .003 16 -.152 10 .271 
15 .435 19 .005 17 .176 18 .155 
18 .419 15 .015 19 -.309 7 .166 
21 .500 9 .031 22 -.354 7 .133 
25 .507 14 .006 23a — 3 — 

27 .399 14 .024 24 -.267 8 .178 
28 .693 8 .009 26 -.408 5 .159 
30 .513 19 .002 31 .162 11 .244 

Insufficient sample. 

Table 6.19. Frequency of whole and broken bifaces (including projectile 
points) for Class A and Class B ceramic sites. 

Class A Class B 

Site Whole Broken Total Site Whole Broken Total 

2 3 3 6 3 0 0 0 
5 1 1 2 12 0 1 1 
10 0 0 0 14 0 0 0 
11 2 3 5 16 0 0 0 
15 1 3 4 17 0 2 2 
18 0 3 3 . 19 0 0 0 
21 0 1 1 22 0 0 0 
25 1 1 2 23 0 0 0 
27 0 1 1 24 0 0 0 
28 0 0 0 26 0 0 0 
30 0 3 3 31 1 1 2 

Total 8 19 27 1 4 5 
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Table 6.20. Results of Mann-Whitney tests for differences in frequency 
of whole, broken, and total bifaces between Class A and 
Class B ceramic sites. 

Class A (N=ll) Class B (N=ll) 2-Tailed 

mean rank mean rank U probability 

Frequency of whole bifaces 

13.6 9.4 83.5 .053 

Frequency of broken bifaces 

15.0 8.0 99.0 .007 

Frequency of total bifaces (whole and broken) 

15.1 7.9 100.0 .006 

Table 6.21. Values of H' for Class A and Class B ceramic sites. 

Class A Class B 

Site H' Site H' 

2 .85 3 .90 
5 .86 12 .89 
10 .87 14 .91 
11 .87 16 .88 
15 .85 17 .92 
18 .91 19 .84 
21 .78 22 .95 
25 .81 23 .99 
27 .91 24 .84 
28 .70 26 .96 
30 .84 31 .91 
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Again, a Mann-Whitney test performed on these data shows they are 

significantly different (Table 6.22). In other words, Class A sites 

have a more specialized technology, undoubtedly a function of tool-

making activities, than do Class B sites. Further, inspection of the 

PG percentages in Table 6.23 reveals that by and large Class A sites 

have more PGs represented in their assemblages than do Class B sites. 

Class B sites have a higher frequency of null occurrences of certain 

PGs. This suggests, in line with the data just presented, that a 

wider variety of debitage and debris accompanies those sites which 

were the loci of toolmaking and flake production activities. 

Nonassemblage Differences Between Class A 
and Class B Ceramic Sites 

The areas of Class A and Class B sites are significantly 

different (see Table 6.24; data are from Table 4.4). One implication 

of this finding is that perhaps sites that were occupied longer (as 

reflected in their larger size) are characterized by a greater range 

of technological variability. The match in test results strongly 

supports this conclusion. Another implication is that these data and 

test results represent one of the first solid connections between non-

assemblage variability and assemblage variability. Along these same 

lines it is useful to point out that a similar pattern exists for the 

density of lithic materials, as there are significant differences in 

the density of lithic materials between Class A and Class B sites 

(Table 6.26; data are in Table 6.25). While this is not a totally 

unexpected outcome since toolmaking activities should tend to produce 

high concentrations of debitage and debris, it does lend additional 
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Table 6.22. Results of Mann-Whitney test for differences in value of H' 
between Class A and Class B ceramic sites. 

Class A (N=ll) Class B (N=ll) 2-Tailed 

mean rank mean rank U probability 

8.1 14.9 23.0 .013 

Table 6.23. Product group percentages for Class A and Class B ceramic 
sites. 

Site PG1 PG2 PG3 PG4 PG5 PG6 PG7 PG8 

Class A 

2 14.6 3.8 8.9 .9 26.9 4.4 29.4 11.1 
5 29.5 6.8 6.8 2.3 29.5 11.4 6.8 6.8 
10 20.7 7.9 5.6 1.0 33.1 10.2 12.1 9.5 
11 15.3 9.7 6.5 .8 36.3 11.3 8.9 11.3 
15 24.5 9.2 4.1 1.0 32.7 9.2 12.2 7.1 
18 19.0 10.1 5.1 0.0 31.6 10.1 17.7 6.3 
21 10.3 2.6 20.5 0.0 46.2 12.8 2.6 5.1 
25 18.8 4.5 6.3 1.8 42.0 10.7 12.5 3.6 
27 11.2 6.3 10.0 0.0 35.0 10.0 18.8 8.8 
28 18.4 2.0 14.3 0.0 57.1 4.1 4.1 0.0 
30 21.3 5.5 11.0 1.6 33.9 11.8 14.2 .8 

Class B 

3 0.0 0.0 16.7 0.0 50.0 16.7 16.7 0.0 
12 31.3 12.5 6.3 0.0 37.5 0.0 12.5 0.0 
14 5.6 0.0 22.2 0.0 33.3 0.0 11.1 27.8 
16 29.2 4.2 12.5 8.3 29.2 4.2 0.0 12.5 
17 9.6 10.8 9.6 4.8 32.5 9.6 15.7 7.2 
19 19.0 4.8 9.5 0.0 42.9 9.5 4.8 9.5 
22 22.2 11.1 33.3 0.0 22.2 0.0 0.0 11.1 
23 33.3 0.0 0.0 0.0 33.3 33.3 0.0 0.0 
24 22.2 5.6 11.1 0.0 44.4 11.1 0.0 5.6 
26 14.3 28.6 14.3 0.0 28.6 14.3 0.0 0.0 
31 16.3 10.2 14.3 2.0 30.6 12.2 8.2 6.1 
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Table 6.24. Results of Mann-Whitney test for differences in area 

between Class A and Class B ceramic sites. 

Class A (N=ll) Class B (N=ll) 2-Tailed 
mean rank mean rank U probability 

15.4 7.6 103.0 .005 

Table 6.25. Nonassemblage characteristics of the lithic materials of 
the ceramic sites. 

Site 
Lithic density 

(per m^) 
Lithic distribution 

(Coefficient of Dispersion) 

2 1.11 4.62 
3 1.00 .36 
5 .30 1.68 
10 .61 9.55 
11 .50 2.23 
12 .25 .85 
14 .25 1.58 
15 .72 1.38 
16 .39 .87 
17 .39 6.48 
18 .49 1.42 
19 .21 1.88 
21 .55 1.00 
22 .25 .85 
23 .25 .84 
24 1.00 2.51 
25 .50 4.01 
26 .20 1.00 
27 .44 4.15 
28 .69 .68 
30 .48 4.43 
31 .38 .98 



182 

Table 6.26. Results of Mann-Whitney test for differences in lithic 
density between Class A and Class B ceramic sites. 

Class A (N=ll) 
mean rank 

Class B (N=ll) 
mean rank U 

2-Tailed 
probability 

14.9 8.1 98.0 .014 
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support to the inferred technological distinctions between Class A and 

Class B sites. However, these are the only two nonassemblage variables 

which exhibit significant differences between Class A and Class B 

sites. The values of the other nonassemblage variables, that is, 

density and distribution of occupational debris (sherds and lithics), 

and distribution of lithic material, are not different between the two 

classes of sites. 

Ceramic Site Interpretations: Formation of 
Technological Groups (TG) 

On the basis of the grouping procedures discussed at the 

beginning of this chapter, the eleven Class A ceramic sites can be 

divided into four technological groups (TG) as follows: 

TGI (Tau significant; rejected by K-W^ and K-V^)—Sites 2, 10, 

27, and 30; 

TG2 (Tau significant; retained by K-W^ and K-V^)—Sites 5, 11, 

18, 21, and 25; 

TG3 (Tau significant; rejected by K-W^ and retained by K-W2)— 

Site 15; 

TG4 (Tau significant; H0 retained by K-W^ and rejected by K-Wj)— 

Site 28. 

Each TG is now discussed in turn. 

TGI: Introduction 

Given the assumptions discussed at the beginning of this 

chapter and the results of the previous analyses, it seems safe to 

conclude that TGI sites were locations of both flake production and 



blank reduction. The contamination, so to speak, of the weight 

frequency distributions by the byproducts of flake production is 

strongly suggested by the consistently lower values of Tau that are 

statistically significant. Additional data are provided below to 

support these conclusions. 

With respect to patterns of utilization, there are significant 

weight differences between artifacts with edge damage and artifacts 

without edge damage for all TGI sites. This indicates that whenever 

activities involving lithic materials were undertaken they generally 

required the use of "heavier" artifacts. However, the sites do vary 

considerably in terms of the percentage of artifacts exhibiting edge 

damage. And expectably they also exhibit considerable variation with 

respect to site nonassemblage variability, lithic nonassemblage 

variability, and inferred occupational histories. 

TGI: Site 2 

Site 2 was probably the location of both small and large tool 

manufacture. The recovery of one large complete biface, two unfinished 

"smallish" bifaces plus three fragments of varying sizes supports this 

inference, as does the relatively low rank of the first PC score for 

PG weight (ranks tenth overall for Class A sites; see Table 6.27). 

The evidence for flake production is not as strong as the evidence for 

tool manufacture but is somewhat more compelling than for other TGI 

sites. Specifically, Site 2 has the highest percentage of PG7 (non-

cortical debris; 29.4%) and with the exception of Site 22 has the 

lowest percentage occurrence of PG5 of any Pitiful Flats sherd and 
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Table 6.27. First principal component scores for TGI sites — Number 
in parentheses is the amount of variance, expressed as a 
percentage, accounted for by the first principal component 
(number beside score is site's rank compared to other 

Class A sherd and lithic sites). 

Site 
Product group 
weight (58.9%) 

Product group 
edge damage (66.2%) 

Nonassemblage 
variability (51.5%) 

2 -.91 (10) -.72 (10) .67 (3) 

10 .13 (5) -1.08 (11) .03 (6) 

27 -.19 (6) -.49 (7) 1.81 (1) 

30 .36 (4) -.65 (8) 1.20 (2) 

lithic site. These data argue strongly for intensive on-site 

processing of cores with relatively cortex-free surfaces. 

These technological interpretations are supported by the 

utilization data (Table 6.28). Only a moderate percentage of the 

debitage and debris exhibit edge damage (43.0%:136/316). This informa

tion coupled with the low first PC score for PG edge damage (ranks 

tenth overall; see Table 6.27) suggests that perhaps a significant 

number of so-called "waste flakes" (Crabtree 1972:98) and non

utilizable debris were produced as a result of the mixed technology at 

Site 2. 

The nonassemblage data (both site and lithic) strongly support 

the technological conclusions. Site 2 has the second highest percentage 

of lithic material represented in the total site collection (78.9%). 

In addition, Site 2 has the highest lithic density (1.11) and with the 
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Table 6.28. Site 2: results of Kruskal-Wallis and Mann-Whitney tests. 

Product group 

• 1  2 3 4 5 6 7 8  
(n=46) (n=12) (n=28) (n=3) (n=85) (n=14) (m=93) (n=35) 

K-W^ 

Mean rank 187.8 195.4 158.3 228.3 122.8 199.6 145.6 205.9 

N=316 X2 = 35.50 (p < .001) 

K-W2 

134.6 105.9 127.3 

N=252 X2 = 15.78 (p = .0013) 

M-W 

Artifacts with 2-Tailed 
edge damage (n=136) U probability 

Mean rank 158.0 

Artifacts without 
edge damage (n=180) 

Mean rank = 144.3 Mean rank = 177.3 24111.0 .0015 
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exceptions of Sites 10 and 17 has the most clustered distribution of 

lithic material (Coefficient of Dispersion = 4.62). All of these data 

clearly support the notion that intensive lithic reduction occurred at 

Site 2. 

Consideration of all of these data permits some inferences 

regarding the occupational history of Site 2. The rather high 

density (.98) and distribution (Coefficient of Dispersion = 7.97) 

values plus the fact that the site is the third largest ceramic site 

would seem to represent strong evidence for a continuous, somewhat 

intensive occupation of long duration. 

TGI: Site 10 

It is rather difficult to give this site a definitive interpre

tation because the nature of the available evidence supports several 

equally valid interpretations. Unlike Sites 2, 27, and 30 there is no 

artifactual evidence in the form of bifacial tools or fragments to 

"physically" support the conclusion that Site 10 was once the location 

of bifacial implement production. The only evidence supporting this 

conclusion is the outcome of the statistical tests (see Table 6.29). 

Because of this, Site 10 might be more properly interpreted as a loca

tion where tools were only periodically manufactured and either (1) 

transported from the site or (2) deposited in nonrecoverable surface 

contexts. This conclusion is marginally supported by several facts. 

First, the first PC score for PG weight ranks fifth overall for Class A 

sites (see Table 6.27), indicating that rather "typically" sized 

debitage was recovered from the site. However, the percentage of 
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Table 6.29. Site 10: results of Kruskal-Wallis and Mann-Whitney tests. 

Product group 

1 2 3 4 5  6 7 8  
(n=63) (n=24) (n=17) (n=3) (n=101) (n=31) (n=37) (n=29) 

Mean rank 160.2 228.0 129.4 134.7 116.9 183.0 143.4 197.1 

N=305 X2 = 47.33 (p < .001) 

k=W2 

Mean rank 129.0 102.4 95.9 116.7 

N=218 X2 - 11.39 (p - .001) 

M-W 

Artifacts without Artifacts with 2-Tailed 
edge damage (n=193) edge damage (n=lll) U probability 

Mean rank = 137.2 Mean rank = 179.1 7757.5 <.001 
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cortical pieces in the assemblage is rather high (28,6%), suggesting 

that core reduction for usable flakes was probably the common if not 

dominant aspect of the technology. 

Patterns of utilization at Site 10 do not contradict the techno

logical inferences. The somewhat low percentage of artifacts with edge 

damage (36.5%:11/304) and the very low rank of the first PC score for 

PG edge damage (ranks last for Class A sites; see Table 6.27) supports 

the notion that much of the debitage and debris was truly manufacturing 

"waste." 

Evaluation of the nonassemblage variability aids slightly in 

developing interpretations of Site 10. The highly clustered distribu

tion of the lithic material (Coefficient of Dispersion = 9.55) 

reflects not only the dominance of lithics in the total site collection 

(62.9%) but argues for the presence of reduction activities, such as 

tool manufacture, that produce marked quantities of material in 

spatially discrete areas. However, the large size of Site 10 (the 

2 
largest ceramic site at 3339 m ) combined with only moderate density 

figures for both the total site (.60) and for lithics (.61) and the 

highly clustered nature of all material (Coefficient of Dispersion = 

12.32) suggests that Site 10 was formed as the result of repeated 

occupations. On a more speculative level, it could be argued that each 

occupational episode was of variable duration, such that the range of 

activities, especially those involving tool manufacture, would have 

also varied considerably. That is, sometimes tools were made in low 

frequency for on-site tasks> while on other occasions flakes with 

serviceable properties were simply required (see Table 6.29). In sum, 
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Site 10 is a complex site resulting from a series of disparate occupa

tional episodes that varied with respect to technology, patterns of 

utilization, and duration. 

TGI: Site 27 

Technologically, Site 27 is somewhat dissimilar from the other 

TGI sites in several respects. First, Site 27 has the lowest Tau 

value (.399) of any Class A or TGI site (see Table 6.18). Second, 

although both blank reduction and flake production probably took place 

at Site 27, there is no artifactual evidence for blank reduction. 

Third, Site 27 has the lowest percentage of lithic materials in a 

site collection of any Class A or TGI site (see Table 6.30). Fourth, 

Site 27 has the highest percentage of non-chert material of any 

Pitiful Flats site (17.0%; see Table 5.2). All of this information 

suggests that if some type of blank and/or preform reduction occurred 

at Site 27 it was a relatively infrequently occurring event and did 

not figure prominently in the technology of the settlement. However, 

the rank of the first PC score for PG weight (ranks sixth overall for 

Class A sites; see Table 6.27) indicates that when blank reduction took 

place, somewhat "smallish" implements were produced. 

With respect to patterns of utilization, Site 27 has a moderate 

percentage of artifacts exhibiting edge damage (43.8%:35/80). The 

results of the Mann-Whitney test (Table 6.31) support the notion that 

activities required "heavier" artifacts for their execution. 

Consideration of the nonassemblage characteristics of Site 27 

reveals how dissimilar it is from other TGI sites. The rather 
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Table 6.30. Percentage of lithic materials occurring in total site 
collection. 

TGI TG2 TG3 TG4 

Site Percentage Site Percentage Site Percentage Site Percentage 

2 78.9 5 28.9 
10 62.9 11 43.7 
27 17.4 18 39.6 
30 37.3 21 84.0 

25 28.3 

Table 6.31. Site 27: results of Kruskal-Wallis and Mann-Whitney tests. 

Product group 

1 2 3 5 6 7 8 
(n=9) (n=5) (n=8) (n=28) (n=8) (n=15) (n=7) 

K-W1 

Mean rank 51.9 58.3 41.1 26.6 40.9 44.4 59.1 

N=80 X2 = 20.02 (p = .003) 

K-W2 

Mean rank 41.7 33.6 22.9 36.3 

N=60 X2 = 10.91 (p = .012) 

M-W 

Artifacts without Artifacts with 2-Tailed 
edge damage (n=45) edge damage (n=35) U probability 

Mean rank = 35.5 Mean rank = 46.9 563.5 .030 
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moderate density and distribution values of the lithic material (.44 

and 4.15 respectively) are not unexpectable if the tool manufacture 

interpretation is correct, since one would expect some buildup of 

lithic material to result from the systematic reduction of blanks. 

However, the lithic Coefficient of Dispersion value does not begin to 

approach the site value (Coefficient of Dispersion = 23.55; this value 

is the highest calculated for a ceramic site). The site density figure 

is also rather high (.92). These data suggest that, by and large, the 

formation of Site 27 did not result from activities involving the 

intensive use of lithic materials. Rather, it seems as though 

activities involving ceramic artifacts were the predominant cause of 

the site's formation. Further, it appears as though a single rather 

intensive occupation of moderate to long duration resulted in the 

formation of a moderate-sized ceramic site. 

TGI: Site 30 

Site 30 presents both statistical (see Table 6.32) and 

ar'jifactual evidence for blank and flake production. Not only were the 

outcomes of the statistical tests in accord with the toolmaking 

conclusion, but a small aborted biface, a broken projectile point, and 

a biface fragment were recovered. Further, Site 30 has the lowest 

percentage (19.7%) of cortical pieces of any TGI site. The evidence 

for flake production is the relatively high rank of the first PC score 

for PG weight (ranks fourth overall for Class A sites; see Table 6.27). 

More specifically, it could be argued that blank reduction was not a 

dominant aspect of the technology since there seems to be little 
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Table 6.32. Site 30: results of Kruskal-Wallis and Mann-Whitney tests. 

Product group 

1 2 3 4 5 6 7 8  
(n=27) (n=7) (n=14) (n=2) (n=43) (n=15) (n=18) (n=l) 

K-W^ 

Mean rank 71.6 91.8 82.3 32.8 50.6 85.9 42.3 108.5 

N=127 X2 = 28.83 (p < .001) 

K-W2 

Mean rank 62.1 70.4 44.5 37.5 

N=102 X2 = 15.62 (p = .0014) 

M-W 

Artifacts without Artifacts with 2-Tailed 
edge damage (n=63) edge damage (n=64) U probability 

Mean rank = 53.9 Mean rank = 73.9 1380.5 .002 



194 

correspondence between the "bulky" size of the debitage and debris and 

the "smallish" size of the biface fragments. 

The patterns of utilization at Site 30 are no different than at 

other TGI sites, with exception possibly of Site 10. The site is 

characterized by a moderate to high percentage (50.4%:64/127) of 

artifacts exhibiting edge damage. This fact and the result of the Mann-

Whitney test (Table 6.32) indicate that the "heavier" byproducts of 

the technology were used somewhat extensively in non-technological 

activities. 

The nonassemblage variability of Site 30 is similar to that of 

Site 27. That is, lithic materials account for a small percentage of 

the entire site collection (37.3%) and the values of the lithic density 

(.48) and distribution (Coefficient of Dispersion = 4.43) are quite 

different from the values for site density (1.00) and distribution 

(Coefficient of Dispersion = 13.52). All of these data suggest an 

occupational history characterized by a single intensive occupational 

episode of short duration. Further, the quite speculative inference 

can be advanced that had Site 30 been occupied longer than it was, it 

would eventually have exhibited characteristics similar to those of 

Site 27 (see how similar the first PC scores are for nonassemblage 

variability—Table 6.27). 

Summary Remarks on TGI 

Clearly, Sites 2, 10, 27, and 30 present strong evidence for 

the manufacture of tools and the production of flakes for use in non-

technological activities (although, as noted, Site 10 departs slightly 
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from the overall technological pattern of TGI sites)• Sites 2 and 10 

are more similar in that the frequency of activities involving lithic 

artifacts, which were used in only moderate proportions at both sites, 

was apparently greater than that of activities involving ceramic 

artifacts. It is interesting to point out again that this situation 

was reversed for Sites 27 and 30, indicating a somewhat fundamental 

difference in "site structure" (Struever 1968, Binford 1978) between 

the two sets of sites. 

A comparison of the inferred occupational histories of the TGI 

sites reveals some interesting, albeit empirically weak, developmental 

trends. Sites 2, 27, and 30 were probably continuously occupied for 

varying amounts of time. More specifically, as mentioned above, Site 

30 could have developed into another Site 27 if the former had been 

occupied at the same intensity for a longer period of time. However, 

it would seem that neither could have produced another Site 2, which was 

apparently occupied for a longer time but at less intensity. Site 10 

certainly, then, has an occupational history quite different from all 

other TGI sites. Most likely Site 10 was formed on an episodic basis, 

where each occupational episode was characterized by a level of in

tensity greater than at Sites 2, 27, or 30. Thus, the DSU of Site 10 

was probably greater than that of Sites 2, 27, or 30, a result of the 

greater frequency of occupational episodes at Site 10 in contrast to 

the single occupational episodes at Sites 2, 27, and 30. 
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TG2: Introduction 

The five sites (Sites 5, 11, 18, 21, and 25) which comprise TG2 

are those which exhibited a significant Tau correlation between per 

cent frequency and per cent weight, yet the results of both Kruskal-

Wallis tests (K-W^ and K-l^) show no weight differences between the 

various PGs. The interpretation most easily accommodated by these data 

is that TG2 sites were once the locations of (1) small tool manufacture 

and (2) flake production. But, as is shown below, each site apparently 

does not exhibit this technological variety in identical ways. 

There is considerable variation within TG2 in terms of patterns 

of utilization. On the basis of the outcomes of the Mann-Whitney 

tests two subgroups can be defined. Group TG2a, which consists of 

Sites 11 and 18, shows significant weight differences between artifacts 

with edge damage and those without edge damage, whereas Group TG2b does 

not (Sites 5, 21, and 25). These test results indicate that generally 

"heavier" artifacts were selected for activities in Group TG2a sites, 

whereas no such selection occurred for the Group TG2b sites, 

suggesting a difference in perhaps the kinds of activities and their 

frequency of performance between the two sets of sites. Additional 

differences in site nonassemblage variability, lithic nonassemblage 

variability, and occupational histories are demonstrated below. 

TG2a: Site 11 

If there is any validity to the concept of a "type site," 

then Site 11 would certainly be the type site for TG2 (see Table 6.33). 

The general technological conclusions advanced for TG2 sites are 
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Table 6.33. Site 11: results of Kruskal-Wallis and Mann-Whitney tests. 

Product group 

1 2 3 4 5 6  7  8  
(n=19) (n=12) (n=8) (n=l) (n=45) (n=14) (n=ll) (n=14) 

K-W1 

Mean rank 69.5 57.7 77.4 98.0 50.6 65.0 61.4 82.9 

N=124 X2 = 12.83 (p = .077) 

K-W2 

Mean rank 48.2 54.1 36.9 43.1 

N=83 X2 = 5.29 (p = .152) 

M-W 

Artifacts without Artifacts with 2-Tailed 
edge damage (n=75) edge damage (n=49) U probability 

Mean rank = 56.9 Mean rank = 71.1 1417.0 .032 
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supported well by evidence from Site 11. A total of one complete and 

four biface fragments, all relatively small specimens, were recovered 

from this site. This physical evidence and the fact that the first PC 

score for PG weight ranks first in comparison to all Class A sites (see 

Table 6.34) supports the inference of both tool manufacture and flake 

production advanced above. The low percentage (3.1%) of nonchert raw 

materials present in the lithic assemblage represents additional 

evidence for the presence of on-site tool manufacture. 

Table 6.34. First principal component scores for TG2 sites --
Number in parentheses is the amount of variance, expressed 
as a percentage, accounted for by the first principal 
component (number beside score is site's rank compared 
to other Class A sherd and lithic sites). 

Site 
Product group 
weight (58.9%) 

Product group 
edge damage (66.2%) 

Nonassemblage 
variability (51.5%) 

5 -1.21 (11) .93 (2) -1.02 (10) 

11 2.04 (1) -.68 (9) .15 (5) 

18 1.29 (2) -.33 (6) -.49 (8) 

21 -.95 (9) .09 (4) -1.67 (11) 

25 -.38 (7) -.06 (5) .35 (4) 

The data on patterns of utilization at the site support the 

technological conclusions. Only a moderate percentage of the debitage 

and debris (39.5%:49/124) exhibited edge damage. This suggests that 

perhaps a somewhat high percentage of the lithic material was 



199 

manufacturing "waste," a conclusion not contradicted by the low first 

PC score for PG edge damage (ranks ninth overall for Class A sites—see 

Table 6.34). 

J 

The technological and utilization data permit the following 

interpretation of the formation of Site 11. The site was probably 

once a location where a few stone tools were made, flakes were 

produced from essentially cortex-free cores, and the heavier material 

from both aspects of the technology was moderately used in activities 

which resulted in the discard of lithic and ceramic materials in 

relatively equal proportions (lithics = 43.7%, ceramics = 56.3%). 

Further, given the nature of nonassemblage variability, the values of 

both site and lithic density (.88 and .50 respectively) and distribu

tion of material (Coefficient of Dispersion equals 4.77 and 2.23 

respectively) suggest a continuous rather nonintensive single occupa

tion of moderate duration. 

TG2a: Site 18 

Site 18 differs technologically only in emphasis from Site 11. 

The higher percentage occurrence of PG7 (17.7%; Site 11 = 8.9%) is 

evidence for the notion that flake production was a very important 

if not dominant aspect of the settlement technology. This is also 

indicated by the high rank of the first PC score for PG weight (see 

Table 6.34), which is exceeded only by that of Site 11. The recovery 

of three biface fragments is strong evidence, however, for the presence 

of tool manufacture (see also Table 6.35). 
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Table 6.35. Site 18: results of Kruskal-Wallis and Mann-Whitney tests. 

Product group 

1 2 3 5 6 7 8 
(n=15) (n=8) (n=4) (n=25) (n=8) (n=l4) (n=5) 

Mean rank 40.8 

KZW1 

40.9 56.3 31.2 52.0 38.3 53.0 

N=79 X = 9.62 (p = .142) 

Mean rank 31.7 

K-W2 

44.5 25.3 30.4 

N=58 X = 5.04 (p = .169) 

Artifacts without 
edge damage (n=35) 

Mean rank = 33.7 

M-W 

Artifacts with 
edge damage (n=44) 

Mean rank = 45.0 

2-Tailed 
U probability 

549.5 .030 
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With respect to patterns of utilization, Site 18 differs some

what from Site 11. Site 18 has a relatively high percentage of 

artifacts exhibiting traces of edge damage (55.7%:44/79), a fact which 

is also indicated by the higher rank of the first PC score for PG edge 

damage (ranks sixth overall for Class A sites; see Table 6.34). These 

data indicate that (1) the same range of activities as that performed 

at Site 11 was simply performed more frequently at Site 18 or (2) there 

was recycling of previously discarded materials. Although a definitive 

choice cannot be made between these alternatives, the last alternative 

seems most likely in view of the nonassemblage data. The values of 

site and lithic density (.69 and .49 respectively) and site and lithic 

distribution (2.89 and 1.42 respectively) would not imply that Site 18 

was once the location of intensive or prolonged occupancy. In fact, 

these data suggest an occupational history that was probably episodic 

where each occupational episode was of rather low intensity. Because 

of this, it is expectable that lithic materials discarded during 

previous occupational episodes might be picked up and used, thereby 

increasing the frequency of edge damage. 

TG2b: Site 5 

The conclusion that Site 5 was the location of small tool 

manufacture is supported by the statistical tests described above (see 

Table 6.36) by the recovery of one complete, small (but probably 

unfinished) biface (projectile point ?) and the tip from another biface, 

and by the relatively "light" weight of the debitage (the first PC score 

for PG weight is the lowest of all Class A sites; see Table 6.34). 
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Table 6.36. Site 5: results of Kruskal-Wallis and Mann-Whitney tests. 

Product group 

1  2 3 4 5  6 7 8  
(n=13) (n=3) (n=3) (n=l) (n=13) (n=5) (n=3) (n=3) 

Mean rank 25.3 35.7 20.5 42.0 19.5 19.2 17.3 16.2 

N=44 X2 = 8.40 (p = .298) 

K-W2 

Mean rank 19.1 15.0 15.1 12.8 

N=32 X2 = 1.85 (p » .603) 

M-W 

Artifacts without Artifacts with 2-Tailed 
edge damage (n=15) edge damage (n=29) U probability 

Mean rank = 22.5 Mean rank = 22.5 217.5 1.000 
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However, the relatively high percentage of PG1 (29.5%) suggests that 

flake production was an important aspect of the technology, although 

the low percentage of PG7 (6.8%) would argue for extensive core 

preparation away from the settlement. 

A high percentage of artifacts show traces of edge damage 

(65.9%:29/44). The intensive use of the debitage and debris is also 

indicated by the high ranking of the first PC score for PG edge damage 

(ranks second overall for Class A sites; see Table 6.34}. However, it 

should be recalled that like other TG2b sites, there are no weight 

differences between artifacts with edge damage and artifacts without 

edge damage (see Table 6.36). This nonselectivity of artifacts by 

size probably reflects a set of unspecialized activities. 

This interpretation makes sense in light of the nonassemblage 

data. Although Site 5 is the third largest ceramic site, it has 

relatively low site and lithic density values (.45 and .30 respectively), 

while exhibiting somewhat clustered values for site and lithic dis

tribution (Coefficient of Dispersion = 4.09 and 1.68 respectively). 

These data suggest that the occupational history of Site 5 might be 

characterized by a series of nonintensive episodes. In this situation, 

as was the case for Site 18, we might expect recycling to become a 

factor influencing the content of the assemblages, as previously 

discarded materials are used during each occupational episode. The 

fact that only 28.9% of the collection is represented by lithic 

material supports these interpretations since ceramics would be broken 

and discarded during each occupational episode thereby increasing their 
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proportion in the overall collection relative to a constant number of 

lithic artifacts. 

TG2b: Site 21 

Several lines of evidence support the notion that small tool 

manufacture occurred at Site 21. First, Site 21 has the second highest 

percentage of PG5 of all Class A sites (PG5 = 46.2%). Second, the 

debitage is relatively "light" as the first PC score for PG weight 

ranks third lowest overall for all Class A sites (see Table 6,34). 

However, there is slim artifactual evidence for small tool manufacture; 

only a single ambiguous medial biface section was recovered. 

Site 21 has a relatively low percentage of artifacts exhibiting 

traces of edge damage (35.9%:14/39). This low level of utilization 

was accompanied by the nonselective use of artifacts by size (see 

Table 6.37). 

Site 21 is the only ceramic site where the lithic density and 

distribution values are greater than the site values for these 

variables: lithic values = .55 and 1.00 for density and distribution, 

site values = .30 and .70 respectively. Further, lithic materials 

comprise 84.0% of the total collection—the highest percentage of any 

ceramic site. All of these data argue for an occupational history 

consisting of (1) at least one occupation where only chipping debris 

from some form of reduction (data are too ambiguous to specify whether 

blank or core reduction occurred) was deposited and (2) a later occupa

tion where both sherds and lithics were deposited. In other words, 

Site 21 was at one time a lithic site exclusively before it became the 
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Table 6.37. Site 21: results of Kruskal-Wallis and Mann-Whitney tests. 

Product group 

1 2 3 5 6 
(n=4) (n=l) (n=8) (n=18) (n=5) 

7 8 
(n=l) (h=2) 

K-W^ 

Mean rank 26.1 39.0 20.7 15.8 2 6 , 6  9.0 22.5 

N=39 X = 9.17 (p = .164) 

Mean rank 22.4 

K-W2 

18.3 14.0 8.5 

N=31 X = 4.04 (p = .258) 

Artifacts without 
edge damage (n=25) 

Mean rank = 20.6 

M-W 

Artifacts with 
edge damage (n=14) 

Mean rank = 18.9 

2-Tailed 
U probability 

191.0 .639 
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ceramic site discovered by the Pitiful Flats survey. On a more 

speculative level, it can be argued from these data that each occupa

tion was of short duration and low intensity. In fact, the ceramic 

occupation might not have been accompanied by tool manufacture at 

all. Rather, the material from flake production associated with the 

ceramic occupation was mixed with the byproducts of preform reduction 

associated with the lithic occupation, thus giving the impression of a 

more complex technology than could have characterized either occupation. 

TG2b: Site 25 

Technologically, small tool manufacture accompanied flake 

production at Site 25. The only artifactual evidence for tool manu

facture consists of a small complete biface. Further, the percentage 

occurrence of PG5 (42.0%) is similar to the lower end of the values 

this variable takes in cases of indisputable tool manufacture. And 

finally, the relatively small size of the debitage, as indicated by 

the low rank of the first PC score for PG weight (ranks seventh overall 

for Class A sites; see Table 6.34), supports the inference of small 

tool manufacture. 

A moderate percentage of artifacts exhibit traces of edge 

damage (48.2%:54/112). This is also indicated by the rank of the 

first PC score for edge damage (ranks fifth overall for all Class A 

sites; see Table 6.34). Again, as was the case for the other TG2b 

sites, there was no selection for "heavier" artifacts for use in 

activities (Table 6.38). 
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Table 6.38. Site 25: results of Kruskal-Wallis and Mann-Whitney tests. 

Product group 

1  2 3 4 5 6  7 8  
(n=21) (n=5) (n=7) (n=2) (n=47) (n=12) (h=14) (n=4) 

K-WJ, 

Mean rank 58.2 66.2 68.1 68.8 47.9 51.9 67.4 86.4 

N=112 X2 = 10.22 (p = .177) 

K-W2 

Mean rank 47.1 55.3 39.5 55.1 

N=89 X2 = 5.51 (p = .138) 

M-W 

Artifacts without Artifacts with 2-Tailed 
edge damage (ri=58) edge damage (n=54) U probability 

Mean rank = 52.9 Mean rank = 60.4 1358.0 .225 
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With respect to nonassemblage variability, the dissimilarity 

between lithic and site density and distribution values (.50 and .82; 

Coefficient of Dispersion =4.01 and 9.05 respectively) and the 

2 
moderate site size (1735 m ) suggest that the occupational history of 

Site 25 was characterized by several intensive occupational episodes. 

The DSU of Site 25 was moderately long. 

Summary Remarks for TG2 

As opposed to TGI sites, the TG2 sites are a varied lot. It 

was shown that although all TG2 sites, with the possible exception of 

Site 21, were locations of small tool manufacture and flake production 

they differed with respect to patterns of utilization. At TG2a sites, 

activities required the use of "heavier" artifacts while activities at 

TG2b sites were performed with artifacts of any size. 

Further, evidence was presented which indicated that subtle 

variations in nonassemblage variability and occupational history can 

produce deceptively systematic differences between sites. Site 11 is 

the only TG2 site concluded to have been continuously occupied. All 

other sites appear to have resulted from multiple occupation that 

differed, however, in terms of duration, intensity, and number of re-

occupations. 

TG3: Site 15 

TG3 consists of a single site, Site 15. A significant 

correlation obtains between per cent frequency and per cent weight and 

there are significant weight differences between the various PGs only 

when all PGs (K-W^) were used in the analysis (see Table 6.39). 
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Table 6.39. Site 15: results of Kruskal-Wallis and Mann-Whitney tests. 

Product group 

1  2 3 4 5  6 7  8  
(n=24) (n=9) (n=4) (n=l) (n=32) (n=9) (n=12) (n=7) 

K-W^ 

Mean rank 47.4 59.1 50.1 94.0 44.4 52.4 34.0 83.8 

N=98 X2 = 18.49 (p = .010) 

K-W2 

Mean rank 39.1 42.1 36.8 28.7 

N=72 X2 = 2.36 (p = .501) 

M-W 

Artifacts without Artifacts with 2-Tailed 
edge damage (n=50) edge damage (n=48) U probability 

Mean rank = 44.4 Mean rank = 54.8 947.0 .072 
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However, when only noncortical PGs were used in the analysis, no 

differences could be detected. These results can be accommodated 

within the general interpretive framework for Class A sites. That is, 

Site 15 appears to have been a location of both small tool manu

facture and flake production. Several lines of evidence support the 

tool manufacture inference. First, the first PC score for PG weight 

ranks eighth overall for Class A sites (see Table 6.40), indicating 

that the debitage is rather small, a result undoubtedly of blank 

reduction. Further, one complete small projectile point and three 

biface fragments were recovered. Inspection of Table 6.39 reveals 

that PG8 seems to be contributing to the production of significant 

weight differences between all Product Groups, despite its low fre

quency of occurrence. So, as was the case for TG2 lithic sites, several 

large cortical elements seem to be "contaminating" the Kruskal-Wallis 

analyses. Apparently, cores were reduced in such a way that rather 

large cortical pieces were removed in comparison to the rather small 

size of the rest of the debitage and debris. 

Table 6.40. First principal component scores for Site 15 (TG3) — 
Number in parentheses is the amount of variance, expressed 
as a percentage, accounted for by the first principal 
component (number beside score is site's rank compared 
to other Class A sherd and lithic sites). 

Product group Product group Nonassemblage 
Site weight (58.9%) edge damage (66.2%) variability (51.5%) 

15 -.65 (8) •57 (3) -.31 (7) 
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With respect to patterns of utilization, the results of the 

Mann-Whitney test show no weight difference between artifacts with 

edge damage and artifacts without edge damage (see Table 6.39). This 

suggests that size characteristics of the debitage and debris were not 

a factor involved in their selection for activities. However, a 

moderate percentage of artifacts (49.0%:48/98) show traces of edge 

damage and the first PC score for PG edge damage ranks rather high 

(ranks third overall for Class A sites; see Table 6.40). These data 

suggest that activities were performed which did not require specialized 

artifacts for their performance and that the activities had only 

moderate rates of performance. Over half of the lithic material 

recovered from Site 15 would have to be considered manufacturing 

waste. 

Consideration of the nonassemblage variability of Site 15 poses 

some new interpretive problems. It is interesting to note that 

essentially there is parity between lithic and ceramic materials in 

the site collection (lithics = 49.3%, ceramics = 51.7%). However, 

while the values for lithic density and site density (.72 and .78 

respectively) are quite similar, the values for distribution are not 

similar (lithic Coefficient of Dispersion = 1.38, site Coefficient of 

Dispersion = 2.28). These data suggest that Site 15 was formed as the 

result of a couple of low-intensity occupational episodes, similar to 

the inferred occupational history of Site 18. However, given the larger 

site size of Site 15, higher density, and parity of material class per

centages, each occupational episode at Site 15 was probably of greater 

duration than at Site 18. In sum, it appears that each occupational 
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episode at Site 15 was accompanied by a limited amount of small tool 

manufacture, flake production, and moderate use of debitage and debris. 

TG4: Site 28 

Site 28 is the only site in TG4. Technologically, Site 28 is 

certainly one of the most unusual ceramic sites. Site 28 has the 

highest percentage occurrence of PG5 (57.1%) and the lowest percentage 

of cortical pieces (6.1%) of any ceramic site. Clearly, Site 28 is 

technologically more "lithic" than "ceramic," implying that the site 

was once the location of tool manufacture. However, no artifactual 

evidence for this inference, in the form of complete or broken 

bifaces, was recovered, and the first PC score for PG weight indicates 

that relatively "heavy" debitage characterizes the assemblage (ranks 

third overall for Class A sites; see Table 6.41). These data support 

the conclusion that if stone tools were made at Site 28, they were 

made from "largish" blanks and subsequently transported from the site. 

Also, the production of flakes proceeded from essentially•cortex-free 

cores. 

Site 28 has the highest percentage of artifacts exhibiting 

traces of edge damage (85.7%:42/49) of all the ceramic sites. However, 

the results of the Mann-Whitney test show no weight differences between 

artifacts with edge damage and those without edge damage (see Table 

6.42). These data indicate that a set of activities using artifacts 

not selected according to size was performed at a high rate of 

intensity (first PC score for PG edge damage ranks first overall for 

Class A sites; see Table 6.41). 
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Table 6.41. First principal component scores for Site 28 (TG4) — 
Number in parentheses is the amount of variance, expressed 
as a percentage, accounted for by the first principal 
component (number beside score is site's rank compared to 
other Class A sherd and lithic sites). 

Product group Product group Nonassemblage 
Site weight (58.9%) edge damage (66.2%) variability (51.5%) 

28 .46 (3) 2.42 (1) -.72 (9) 

Table 6.42. Site 28: results of Kruskal-Wallis and Mann-Whitney tests. 

Product group 

1 2 3 5 6 7 
(n=9) (n=l) (n=7) (n=28) (n=2) (n=2) 

K-W^ 

Mean rank 35.6 15.5 31.1 20.6 23.5 24.3 

N=49 X2 = 9.41 (p = .094) 

K-W2 

Mean rank 33.2 28.6 19.1 22.8 

N=46 X2 = 8.73 (p = .033) 

M-W 

Artifacts without Artifacts with 2-Tailed 
edge damage (n=7) edge damage (n=42) U probability 

Mean rank = 16.9 Mean rank = 26.4 90.0 .103 
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Evaluation of the nonassemblage variability indicates that Site 

28 probably was characterized by an occupational history unlike any 

other Class A site. The values of lithic density (.69) and site density 

(.63) are not significantly different from one another. However, the 

site distribution value (Coefficient of Dispersion = 1.73) is over 

twice as great as the lithic distribution value (Coefficient of 

Dispersion = .68), indicating that lithic material is randomly dis

tributed while all artifacts (sherds and lithics) are in general 

mildly clustered. The interpretation of the occupational history 

that best fits these data is that Site 28 resulted from a single 

relatively brief occupational episode during which a small group 

intensively used the debitage and debris produced from toolraaking 

and core reduction. 

Introduction to Class B Ceramic Sites 

Class B sites are generally characterized by no on-site tool-

making activities as evidenced by outcomes of statistical tests 

described above. The sites comprising Class B and the pertinent data 

involving the Tau correlations are found in Table 6.18 (see Appendix C 

for data on which the correlations are based). Again, as was the case 

for Class A sites, the eleven Class B sites can be broken down into 

several technological groups (TG) based on the outcomes of the two 

Kruskal-Wallis analyses (K-W^ and K-V^) as follows: 

TG5 (Tau not significant; retained by K-W^ and K-V^)—Sites 3, 

12, 14, 16, 19, 22, 23, 24, and 26; 
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TG6 (Tau not significant; H0 rejected by K-W^ and K-I^)—Site 17; 

TG7 (Tau not significant; H0 rejected by K-W^ and retained by 

K-W2)—Site 31. 

TG5: Introduction 

It is quite remarkable that unlike other TGs that have more than 

one site per group, TG5 cannot be subdivided on the basis of patterns of 

utilization. That is, there are no weight differences between 

artifacts with edge damage and those artifacts lacking edge damage (see 

tables below). But examination of both the raw data and the first PC 

scores for the various variable classes (Table 6.43) reveals that some 

intra-group variation does exist. Following the procedures used to 

subdivide lithic site TG3 above, a cluster analysis using Ward's 

Method (see Chapter A) was performed on the data displayed in Table 

6.43. For purposes of discussion, then, three clusters can be isolated 

(Figure 6.2): Cluster 1 (Sites 3, 24, 19, and 22), Cluster 2 (Sites 12, 

16, and 23), and Cluster 3 (Sites 14 and 26). 

It should be noted that it is sometimes rather difficult to 

give precise or even different interpretations for TG5 sites because 

the small collections do not exhibit much variability. If individual 

site interpretations appear rather strained it is because subtle 

empirical differences between the sites are being emphasized. 

TG5: Cluster 1 

Site 3 is the only ceramic site that has no PG1 or PG2 

artifacts. Toolmaking clearly did not occur at the site (see Table 

6.44). 
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Table 6.43. First principal component scores for T65 sites — Number 
in parentheses is the amount of variance, expressed as a 
percentage, accounted for by the first principal component 
(number beside score is site's rank compared to all 
Class B sherd and lithic sites). 

Product group Product group Nonassemblage 

Site weight (50.3%) edge damage (59.1%) variability (63 

3 -.41 (7) .16 (5) -1.62 (11) 

12 -.52 (9) 1.63 (1) .22 (6) 

14 1.85 (1) -1.35 (10) -1.10 (9) 

16 -1.32 (ID 1.17 (2) .24 (5) 

19 -.71 (10) .56 (4) .71 (3) 

22 -.36 (5) -.44 (9) .45 (4) 

23 .99 (3) .60 (3) -.45 (8) 

24 -.48 (8) -.41 (8) -1.11 C10) 

26 1.54 (2) -1.75 (11) -.13 (7) 
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Table 6.44. Site 3: results of Kruskal-Wallis and Mann-Whitney tests. 

Product group 

3 (n=2) 5 (n=6) 6 (n=2) 7 (n=2) 

Mean rank 2.5 

K-W^ 

6 . 0  11.5 7.0 

N=12 X = 6.48 (p = .090) 

Mean rank 2.5 

K-W2 

6 . 0  7.0 

N=10 IT = 2.63 (p = .268) 

Artifacts without 
edge damage (n=4) 

Mean rank = 6.8 

M-W 

Artifacts with 
edge damage (n=8) 

Mean rank = 6.4 

2-Tailed 
U probability 

17.0 .865 
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A high percentage of the artifacts exhibit traces of edge damage 

(66.7%:8/12) and all flake fragments show edge damage. This suggests 

that perhaps whole flakes may have been produced at the site but were 

subsequently broken during use and discarded. 

The high density values for site and lithic material (1.50 and 

1.00 respectively) and the low distribution values for site and lithic 

material (Coefficient of Dispersion is .29 and .36 respectively) permit 

the inference that a single short and intensive occupation by a 

small group produced an extremely small site rather quickly. 

Like Site 3, Site 24 was not the scene of tool manufacture 

(see Table 6.45). Flakes were produced on-site and a moderately high 

percentage of them (55.6%:10/18) show traces of edge damage. 

With respect to nonassemblage variability, Site 24 has site and 

lithic density values (1.25 and 1.00 respectively) that are similar to 

those of Site 3. However, the site and lithic distribution values 

(Coefficient of Dispersion = 1.82 and 2.51 respectively) suggest an 

occupational history different from Site 3. It appears that Site 24 

was probably occupied only once for a relatively brief period of time, 

although longer and more intensively than Site 3. 

Site 19 has the same technology as the other Cluster 1 sites, 

that is, flake production occurred at the site. In terms of patterns 

of utilization, Site 19 has the highest percentage of artifacts 

exhibiting traces of edge damage (71.4%:15/21) of any TG5 site. This 

suggests rather intensive use of lithic materials in activities that did 

not require specialized artifacts (see Table 6.46). 
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Table 6.45. Site 24: results of Kruskal-Wallis and Mann-Whitney tests. 

Product group 

1 (n=4) 2 (n=l) 3 ^=2*) 5 (n=8) 6 (n=2) 8 (n=l) 

K-W^ 

9.0 7.1 16.0 11.0 

X2 « 6.69 (p = .245) 

Mean rank 9.0 17.0 

N=18 

K-W2 

Mean rank 8.3 8.5 6.9 

N=14 X2 = .426 (p = .808) 

M-W 

Artifacts without Artifacts with 2-Tailed 
edge damage (n=8) edge damage (n=10) U probability 

Mean rank = 7.9 Mean rank = 10.8 27.0 .247 
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Table 6.46. Site 19: results of Kruskal-Wallis and Mann-Whitney tests. 

Product group 

1 2 3 5 6 7 8 
(ri=4) (n=l) (n=2) (n=9) (n=2) (n=l) (n=2) 

K=W1 

Mean rank 8.4 21.0 11.3 10.6 13.3 1.5 15.3 

N=21 X2 = 6.92 (p = .328) 

K-W2 

Mean rank 7.5 9.8 9.4 1.5 

N=16 X2 = 2.84 (p = .417) 

M-W 

Artifacts without Artifacts with 2-Tailed 
edge damage (n=6) edge damage (n=15) U probability 

Mean rank = 7.3 Mean rank = 12.5 22.5 .079 
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It is interesting to note that unlike Sites 3 and 24, the 

percentage of lithic materials in the site collection is very low 

(14.2%). This implies that activities involving lithic artifacts were 

not as prevalent as activities involving ceramic artifacts. However, 

evaluation of the nonassemblage data necessitates modification of this 

2 
conclusion. Site 19, which at 945 m is the largest TG5 site, was 

probably occupied longer but not as intensively as the other Cluster 1 

sites. The site and lithic density and distribution values (.50 and 

.21 respectively; Coefficient of Dispersion = 1.88 and 8.18 respect 

tively) are quite dissimilar. It is unclear, then, whether Site 19 

was formed as the result of several (at least two) occupational episodes 

of low intensity or a single episode of moderate intensity. Given 

the large discrepancy between the lithic and site distribution values 

and the rather high site distribution value in general, the multiple 

occupancy interpretation seems more likely. Recycling of previously 

discarded lithic material is probable. This would tend to decrease the 

proportion of lithics in each succeeding occupation as more ceramics 

are discarded in relation to the relatively unchanging frequency of 

lithics. 

Site 22 provides little material upon which to base convincing 

interpretations (see Table 6.47). With respect to technology, little 

more can be declared save that flake production occurred. Only a 

moderate percentage of the artifacts exhibited traces of edge damage 

(44.4%:4/9). The site and lithic density values (.30 and .25 

respectively) are quite similar while the site and lithic distribution 



223 

Table 6.47. Site 22: results of Kruskal-Wallis and Mann-Whitney tests. 

Product group 

1 (n=2) 2 (n=l) 3 (n=3) 5 (n=2) 8 (n=l) 

K-W^ 

Mean rank 3.0 7.0 4.3 5,0 9.0 

N=9 X2 = 3.91 (p = .418) 

K-W2 

Mean rank 3.0 4.0 5.0 

N=7 X2 = .857 (p = .651) 

M-W 

Artifacts without 
edge damage (n=5) 

Mean rank = 5.4 

Artifacts with 
edge damage (n=4) 

Mean rank = 4.5 

2-Tailed 
U probability 

12.0 .624 
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values (Coefficient of Dispersion = 5.47 and .85 respectively) are very 

different. When these data are combined with the low percentage of 

lithic materials represented in the site collection (12.9%), it can 

be inferred that Site 22 was once the location of activities that seldom 

required the use of lithic materials. Based on these data, it can be 

concluded that the occupation of Site 22 was not intensive. Further, 

the site was probably not occupied more than once, given its relatively 

small size, although the duration of that occupational episode was 

greater than that which characterized Sites 3 and 24. 

TG5: Cluster 2 

For Site 12, statistical tests strongly indicate the absence 

of any form of tool manufacture (see Table 6.48). 

A very high percentage of the artifacts show traces of edge 

damage (68.8%:11/16). However, only 16.3% of the site collection is 

represented by lithic materials. Thus, Site 12 was probably once the 

location of activities involving extensive use of a rather small set 

of chipped stone artifacts. 

The nonassemblage data do not contradict this conclusion. This 

small-medium-sized site is characterized by site and lithic density and 

distribution values that are not very similar to one another (.50 and 

.25 respectively; Coefficients of Dispersion = 3.88 and .85 

respectively). The occupational history that best fits these facts is 

that Site 12 was characterized by a single nonintensive occupational 

episode of relatively moderate duration. The relatively high %ED can 
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Table 6.48. Site 12: results of Kruskal-Wallis and Mann-Whitney tests. 

Product group 

1 (n=5) 2 (n=2) 3 (n=l) 5 (n=6) 7 (n=2) 

K=W1 

Mean rank 8.3 13.5 9.0 5.4 13.0 

N=16 X2 = 6.55 (p = .162) 

K-W2 

Mean rank 8.1 9.0 5.3 12.0 

N=14 X2 = 4.30 (p - .231) 

M-W 

Artifacts without Artifacts with 2-Tailed 
edge damage (n=5) edge damage (n=ll) U probability 

Mean rank = 9.5 Mean rank = 8.0 32.5 .571 
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be explained by the reuse of the same artifacts during the period of 

occupation. 

Site 16 presents no evidence for the occurrence of any reduction 

strategy other than flake production (see Table 6,49). Site 16 has a 

rather high percentage of artifacts exhibiting edge damage (62.5%: 

15/24). However, in contrast to Site 12, Site 16 has a far higher per

centage of the site collection represented by lithic materials (44.6%), 

even though the lithic yields from both sites are rather similar (20 

and 25 respectively). These data suggest a different "site structure," 

a function perhaps of variation in occupational histories between the 

two sites. This can be seen by examining nonassemblage data. The site 

and lithic density and distribution values are quite similar to one 

another (.31 and .39 respectively; Coefficients of Dispersion = .89 and 

.87 respectively). This information supports the inference that the 

occupational history of Site 16 was not intensive and that it was 

characterized by a single occupational episode of somewhat short 

duration. 

Site 23 is in a class by itself for many reasons. First, a 

total of only four lithic artifacts was recovered from the site (one 

of which was nonchert). Given this very low assemblage size, it is 

quite likely that the lithic material was not produced on-site but 

transported there, that is, not even flake production occurred at 

Site 23 (see Table 6.50). 

Despite this low yield and the moderately low percentage of 

lithic material in the site collection (30.8%), every piece showed 
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Table 6.49. Site 16: results of Kruskal-Wallis and Mann-Whitney tests. 

Product group 

1 2 3 4 5 6 8 
(n=7) (n=l) (h=3) (n=2) (n=7) Cn=l) (n=3) 

K=W1 

Mean rank 11.7 23.0 14.0 23.0 9,3 9.0 11.0 

N=24 X2 = 8.67 (p = .193) 

K-W2 

Mean rank 9.6 11.3 7.4 

N=17 X2 = 1.41 (.495) 

M-W 

Artifacts without Artifacts with 2-Tailed 
edge damage (n=9) edge damage (n=15) U probability 

Mean rank = 11.4 Mean rank = 13.1 58.0 .571 
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Table 6.50. Site 23: results of Kruskal-Wallis and Mann-Whitney tests. 

\ 
Product group 

1 (n=l) 3 (n=l) 5 (h=l) 6 (n=l) 

Mean rank 3.0 

K-W, 

1 .0  

N=3 X2 = 2.00 (p = .368) 

2 .0  

Mean rank 2 . 0  

K-W„ 

1.0 

N=2 X = 1.00 (p = .317) 

Artifacts without 
edge damage (n=0) 

Mean rank = 0 

M-W 

Artifacts with 
edge damage (n=3) 

Mean rank = 2.0 

2-Tailed 
U probability 

0 1.000 
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traces of edge damage (100.0%:3/3). It appears that the lithic 

material was brought along for whatever single activity was to be 

performed, since the low site and lithic density and distribution values 

(.63 and .25 respectively; Coefficients of Dispersion = .53 and .84 

respectively) suggest a very non-intensive, short, single occupational 

episode. Thus, the occupational history of Site 23 is different from 

other "small" sites, such as Sites 3 and 24, since the occupational 

episode of Site 23 was not intensive (probably a function of small group 

size and the execution of only a single activity). 

TG5: Cluster 3 

Site 14 appears to have been a flake production locus 

exclusively. The site has the lowest percentage of artifacts exhibiting 

edge damage (11.1%:2/18). In other words, relatively "heavy" debitage, 

as indicated by rank of first PC score for PG weight (Site 14 ranks 

first overall for Class B sites; see Table 6.43), was produced and 

deposited at this location without participating to any significant 

extent in activities conducted at the site (see Table 6.51). 

The site and lithic distribution values (Coefficients of 

Dispersion = 1.97 and 1.58 respectively) are similar whereas the density 

values are not (1.25 and .25 respectively). These data support the 

interpretation that Site 14 was probably occupied only once yet 

rather intensively, although the activities performed during this 

episode seemed to rely almost exclusively on ceramic rather than lithic 

artifacts. 
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Table 6.51. Site 14: results of Kruskal-Wallis and Mann-Whitney tests. 

Product group 

1 (n=l) 3 (n=4) 5 (n=6) 7 (h=2) 8 (n=5) 

K-V1 

Mean rank 14.0 6.8 8.7 5.5 13.4 

N=18 X2 = 5.74 (p = .219) 

K-W2 

Mean rank 12.0 6.1 7.5 4.8 

N=13 X2 = 2.63 (p = .452) 

M-W 

Artifacts without Artifacts with 2-Tailed 
edge damage (n=16) edge damage (h=2) U probability 

Mean rank = 9.4 Mean rank =10.0 15.0 .888 
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Site 26 differs little from Site 14. Site 26 was apparently 

the locus of flake production, although the low yield from the site 

(N=8) equally supports the conclusion that the material could have 

been transported and no reduction occurred at the site. However, the 

relatively "heavy" nature of the material, as indicated by first PC 

score for PG weight (ranks second overall for Class B sites; see Table 

6.43), and the high percentage of cortical pieces (42.9%) argue for 

flake production from cores that were not well reduced from the nodule 

state. And, like Site 14, a relatively low percentage of the artifacts 

(28.6%:2/7) exhibited traces of edge damage. However, unlike Site 14, 

Site 26 has a very low percentage of the site collection accounted for 

by lithic materials (11.9%). Again, however, it seems as though lithic 

materials are an incidental part of the total settlement technology 

since they do not seem to figure in the performance of activities. 

Thus, from both technological and utilization viewpoints, Site 26 was 

characterized by a very limited set of activities involving lithic 

artifacts (see Table 6.52). 

There is little similarity between site and lithic density and 

distribution values (.55 and .20 respectively; Coefficients of Disper

sion = 3.59 and 1.00 respectively). These data suggest that Site 26 

was occupied only once but the duration and intensity of that occupa

tional episode were greater than those which characterized Site 14. 

TG6: Site 17 

Site 17 is the only member of TG6. This site is also the only 

ceramic site that did not have a significant Tau correlation between 



232 

Table 6.52. Site 26: results of Kruskal-Wallis and Mann-Whitney tests. 

Product group 

1 (n=l) 2 (n=2) 3 (n=l) 5 (n=2) 6 (n=l) 

K=W1 

Mean rank 5.0 5.5 2.0 3.5 3.0 

N=7 X2 = 2.36 (p = .670) 

K-W2 

Mean rank 3.0 2.0 2.5 

N=4 X2 = .300 (p = .861) 

M-W 

Artifacts without Artifacts with 2-Tailed 
edge damage (n=5) edge damage (n=2) U probability 

Mean rank = 3.4 Mean rank =5.5 2.0 .245 
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per cent frequency and per cent weight, yet both Kruskal-Wallis 

analyses (K-W^ and K-l^) showed that significant weight differences 

exist between the various PGs (see Table 6.53). This situation was 

encountered when Site 33 (lithic TGI) was interpreted; the conclusion 

was that Site 33 had been a location where both flake production and 

preform reduction had occurred. A similar interpretation can be applied 

to Site 17 and is supported by several lines of evidence. A total of 

two biface fragments were recovered, indicating the presence of on-site 

tool manufacture. Tool refurbishing is also indicated by the recovery 

of a nearly complete projectile point. A strong indication of the 

presence of flake production is represented by the fact that Site 17 

has the highest percentage of cortical pieces (32.4%) in a lithic 

assemblage with the exception of Site 11. Thus, it appears that 

although two technologies were present at Site 17, only the Kruskal-

Wallis analyses detected their presence since the remains of preform 

reduction were overshadowed by the numerically and weight dominant 

byproducts of flake production, which were responsible for the lack of 

a correlation between per cent frequency and per cent weight. 

Site 17 is similar to all other Class B sites with respect to 

patterns of utilization. The Mann-Whitney test showed no weight 

difference between artifacts with edge damage and artifacts without 

edge damage (see Table 6.53). Thus, although raw material was being 

reduced according to a "Class A" pattern, patterns of utilization 

followed a "Class B" pattern. In addition, only a moderate percentage 

of artifacts exhibited traces of edge damage (48.2%:AO/83). Apparently, 

the nature of activities at Site 17 required only occasional use of 
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Table 6.53. Site 17: results of Kruskal-Wallis and Mann-Whitney tests. 

Product group 

12 3 4 5 67 8 
(n=8) (n=9) (n=8) (n=4) (n=27) (n=8) (n=13) (n=6) 

K-W1 

Mean rank 42.2 66.7 35.0 40.5 27.3 45.6 51.5 55.8 

N=83 X2 = 24.32 (p = .001) 

K-W2 

Mean rank 32.7 26.5 22.5 39.6 

N=56 X2 = 10.37 (p = .016) 

M-W 

Artifacts without Artifacts with 2-Tailed 
edge damage (n=43) edge damage (n=40) U probability 

Mean rank = 40.0 Mean rank = 44.1 776.0 .445 
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artifacts. This conclusion becomes even more credible since only 30.1% 

of the site collection is represented by lithic material. Thus, like 

so many other Class B sites, the range of activities at Site 17 seems 

to have revolved more around the use of ceramic artifacts. 

However, this information and the nonassemblage data suggest 

an occupational history that is quite unlike any other Pitiful Flats 

site. That is, Site 17 appears to have been formed as the result of 

several rather intensive occupational episodes, each episode charac

terized by the deposition of a higher percentage of ceramic than lithic 

artifacts. This inference is supported by the data discussed above 

and by the fact that while site and lithic density values (.42 and .39 

respectively) are very similar, the site and lithic distribution 

values (14.47 and 6.48 respectively) are very different. It would 

seem, then, that Site 17 was visited on a periodic basis where 

similar ranges of activities were performed during each occupational 

episode, probably by the same size group. Further, each occupational 

episode was of sufficient duration to warrant the manufacture and/or 

refurbishing of a few stone tools and the deposition of a considerable 

amount of ceramic material. 

TG7: Site 31 

Site 31 is the only member of TG7. The technology of the site 

is somewhat difficult to unravel because of the apparently conflicting 

evidence presented by the results of the various statistical analyses 

(see Table 6.54). The fact that Site 31 has a nonsignificant Tau 

correlation between per cent frequency and per cent weight argues for 
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Table 6.54. Site 31: results of Kruskal-Wallis and Mann-Whitney tests. 

Product group 

1 2 3 4 5  6 7 8  
(n=8) (n=5) (n=7) (n=l) (n=15) (n=6) (n=4) (n=3) 

K-W^ 

Mean rank 20.3 40.8 19.6 42.0 18.8 38.5 16.9 32.8 

N=49 X2 = 19.81 (p = .006) 

K-W2 

Mean rank 19.4 17.9 16.1 14.9 

N=33 X2 = .809 (p = .847) 

M-W 

Artifacts without Artifacts with 2-Tailed 
edge damage (n=24) edge damage (n=24) U probability 

Mean rank = 25.1 Mean rank = 23.9 302.5 .765 
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the absence of toolmaking at the site. But like Site 17, several 

bifaces and fragments were recovered. It can be argued that, like other 

Class B sites, stone tool manufacture was not a dominant technological 

activity, since only a moderate percentage of the total site collec

tion is represented by lithic material (35.9%). In fact, on a slightly 

more speculative level, it would seem that whatever tool manufacture 

occurred at Site 31 was minimal compared to flake production and was 

probably oriented solely to the finishing of well-reduced preforms. 

Site 31 is no different from the other Class B sites with 

respect to patterns of utilization. There are no weight differences 

between artifacts with edge damage and those without edge damage (see 

Table 6.54). Site 31 also has only a moderate percentage (50.0%: 

24/48) of artifacts exhibiting edge damage. 

Interpretation of the nonassemblage data provides some basis 

for understanding the technological and utilization data. Site 31 

is the second largest ceramic site yet has the lowest value for site 

density (.29). The site and lithic distribution values (Coefficients 

of Dispersion = 1.40 and .98 respectively) are, comparatively speaking, 

also not very high. All of these data support the inference that 

Site 31 probably was formed by a series of occupational episodes, all 

of which were of relatively low intensity. However, one occupational 

episode was of sufficient duration to require the manufacture of stone 

tools. Thus, even though all occupational episodes were essentially of 

the same low intensity, they apparently were not of the sarae duration. 
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Summary 

In this chapter, we have seen that there are some general 

patterns of lithic reduction, artifact utilization, and nonassemblage 

variability within site types. For example, Class A ceramic sites 

tend to be larger, have more dense concentrations of lithic material, 

and exhibit somewhat unambiguous evidence for toolmaking and flake 

production in comparison to Class B sites. But more importantly, it 

was shown that even within the major Technological Groups for each 

site type there is considerable variation with respect to patterns of 

utilization and assemblage variability that is not implied by site 

surface characteristics. Further, sites which have been characterized 

by inference as having different occupational histories often exhibit 

similar technologies, patterns of utilization, and surface charac

teristics (recall lithic TG3). 

The major conclusion that can be drawn from the above analyses 

and those presented in Chapters A and 5 is that the unsystematic 

interactions of the variables involved in occupational processes have 

profound implications for the formation of nonmasonry sites and the 

interpretation of their archaeological characteristics. The implica

tions of these findings are somewhat profound also for the reconstruc

tion of settlement systems, paleodemography, and culture history, all 

of which are explored in Chapter 8 (Summary and Conclusions). However, 

before these topics are addressed and explored, the ceramic assemblages 

of the ceramic sites are analyzed in Chapter 7. 



CHAPTER 7 

CERAMIC ANALYSIS AND SETTLEMENT VARIABILITY 

Introduction 

The ceramic assemblages of the Pitiful Flats ceramic sites are 

analyzed in this chapter. The chapter is organized around several major 

topics. First, following the pattern established in Chapter 5, argu

ments of relevance are presented which provide a basis for the construc

tion of the ceramic typologies used in this study. Three typologies 

have been developed—two for the brownwares and one for the whitewares. 

Second, procedures are described for isolating the minimum number of 

vessels (MNV) represented by the sherds of different ceramic categories. 

Third, a variety of statistical tests document patterns of variability 

at the level of both ceramic category and site. The intent of these 

various discussions and analyses is to provide additional independent 

data to support conclusions about the nature of functional and occupa

tional variability of the Pitiful Flats ceramic sites. The chapter 

concludes with an interpretation of the occupational history of each 

ceramic site based on the evaluation of the different non-assemblage 

(site, lithic and ceramic) and assemblage (lithic and ceramic) data 

sets. 

Regional Ceramic Variability: The 
Analytical Situation 

It was originally anticipated that the Pitiful Flats ceramic 

material could be readily accomodated and sorted according to standard 

239 
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Southwestern typological systems (e.g., Colton 1965). I had assumed 

that given the amount and nature of previous work in regions adjacent 

to Pitiful Flats the brownwares specifically would be Mogollon 

Brownwares. It was clear that the whitewares should be more of a chal

lenge since examples of three major whiteware traditions, Tusayan, 

Little Colorado, and Cibola whitewares, had been recovered in areas 

surrounding Pitiful Flats. 

It quickly became evident, however, that the Pitiful Flats 

ceramic material possessed characteristics that were different from 

classic (or "Eastern") Mogollon assemblages. After trying unsuccess

fully to match samples of this material with every possible Mogollon 

brownware type specimen in the sherd library of the Arizona State 

Museum, and after consulting with archaeologists who had extensive 

experience in analyzing Mogollon brownware material, it was decided to 

explore the possibility that the Pitiful Flats material may be more 

closely affiliated with alternative brownware systems. Again, samples 

of Pitiful Flats ceramics failed to match conclusively type examples of 

the Alameda brownwares (Colton 1958). 

It was rather frustrating to discover that some samples from the 

same site were more similar, in terms of their core color, temper size, 

thickness, and interior and exterior surface finishes to the Mogollon 

brownwares while others were more similar to the Alameda brownwares. 

The reason for this perplexing situation, which goes far to explain the 

distinctiveness of the Pitiful Flats assemblages, became apparent when 

the spatial distribution of Mogollon and Alameda brownwares was 

examined. The ranges of these brownwares overlap and Pitiful Flats 



seems to be located in a boundary situation between them. It is 

interesting to note that many workers in areas adjacent to Pitiful Flats 

have suggested that "mixed" brownware assemblages should be expected 

toward the western edge of the classic Mogollon area and toward the 

eastern or southeastern range of the Sinagua (Wheat 1955:24; Danson 

1957:119; Wilson 1969; see also Morris 1969; S. Plog 1977). 

Whiteware affiliation presented much less of a problem than the 

brownwares. All whitewares, with the possible exception of four sherds, 

were decorated with mineral paint, indicating they were examples of the 

Cibola whitewares (Colton 1941). The analytical problem, then, became 

one of subdividing these mineral-painted whitewares into interpretable 

units of analysis (see Hargrave 1974). A solution to this problem is 

discussed below. 

The major typological implication of the Pitiful Flats ceramic 

assemblages is that it would be unwise to force the material into 

established types when there is a discrepancy between the established 

type descriptions (and their "hard copy" representatives in the ASM 

sherd library) and the Pitiful Flats material. However, the South

western ceramic typological system (Colton and Hargrave 1937, Gifford 

1956) was not discarded in favor of a project-specific one. Rather, an 

explicit attempt was made to ensure that the Pitiful Flats ceramic 

typologies were as compatible as possible with existing descriptive 

standards (Gifford 1956, Colton 1953). In order to accomplish this 

goal, all relevant type descriptions were exhaustively examined and 

appropriate dimensions of variability and attributes were identified and 

are described below. It should be mentioned that the infrequent 
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occurrences of redwares and polychromes in the Pitiful Flats assemblages 

presented no typological problems since their properties were not at 

variance with the published literature (Carlson 1970) and available 

collections; these materials were accordingly assigned to appropriate 

existing ceramic types. 

Problems of Brownware Typology in the 
Transition Zone 

A preliminary step in designing a brownware typology that is 

compatible with existing ones is to review briefly the sampling and 

historical problems that contributed to the impression that the Pitiful 

Flats brownwares are distinctive, or at least, in variance with the 

established brownware types frequently reported for the Transition Zone. 

As indicated in Chapter 2 and above, it has always been unclear 

whether the Grasshopper region was a branch of the classic Mogollon 

complex (Haury 1936a; Shaeffer 1954). This uncertainty results from a 

tendency for various workers to draw the boundary between the Forest-

dale Branch of the Mogollon and the southeastern extension of the 

Sinagua through the Grasshopper area (Colton 1939:18, Haury 1962:107, 

Wheat 1955:3, Willey 1966:180). The implication of this taxonomic 

puzzle is that if the Pitiful Flats sites are Mogollon then the brown-

wares should be Mogollon brownwares, whereas if they are of Sinagua 

affiliation, then the brownwares should be Alameda brownwares. The 

argument hinges on a supposedly fundamental technological distinction 

between Mogollon and Alameda brownwares. Alameda is finished by a 

paddle and anvil technique (Colton 1946, 1958) while Mogollon brownwares 

are finished by the coil and scrape method (Haury 1936b, Colton and 



243 

Hargrave 1937, Colton 1941). However, there appears to be increasing 

opinion that the difference between these brownwares may be the result 

of an exaggeration of the significance of variation in surface finishing 

technique (Wheat 1955:86f, Southwestern Ceramic Conference 1961, Wilson 

1969, Pilles 1976). It would seem rather unproductive to agonize over 

whether Alameda and Mogollon brownwares are the utility wares of (1) two 

branches of the Mogollon, as Colton (1939) originally suggested or (2) 

two roots, Mogollon and Sinagua, as Colton (1946) later argued. A more 

neutral and perhaps realistic hypothesis is that the brownwares of the 

Transition Zone exhibit a clinal distribution of manufacturing varia

bility subject to variation in local clay deposits and finishing 

techniques. These brownwares are, however, part of a single generalized 

brownware complex (Mera 1934, Southwestern Ceramic Conference 1961, 

Pilles 1976), The brownware problem shifts, then, from a taxonomic to 

a typological one-—how are brownwares (in general and the Pitiful Flats 

assemblages in particular) to be described so that variability is not 

obscured yet linkages with traditional Southwestern ceramic literature 

are maintained (primarily for chronological purposes)? 

The approach differs somewhat from that used in designing the 

lithic typology used in Chapters 5 and 6. Given the developed status 

of ceramic analysis in the Southwest, it would be presumptuous to pro

vide detailed arguments of relevance for the dimensions of variability 

and attributes used in typology construction since the major sources of 

variability in Southwestern ceramic assemblages are fairly well known 

(Hargrave 1974), Rather, I have simply added a taxonomic structure to 

the standard Southwestern ceramic system to indicate how the various 
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attributes and type determinants used by Southwestern archaeologists 

are related to one another. In other words, dimensions of variability 

of known utility were abstracted from the ceramic literature and re-

combined into a taxonomic framework, a framework that has always been 

at the core of Colton's (Colton and Hargrave 1937, Colton 1953), 

Haury's (1936b), and Gladwin's (Gladwin and Gladwin 1934) schemes (cf., 

Plog 1976). 

Brownware Typology Construction: Dimensions of 
Variability and Relevant Attributes 

The first dimension of variability is Temper Coarseness. This 

characteristic of ceramics has long been used as one of the major diag

nostics for partitioning ceramic material on a technological basis 

(Colton and Hargrave 1937:2, Gifford 1956, Hargrave 1974:89ff., Hammack 

1969b:146, Morris 1969). For the purposes of the present study it was 

sufficient to employ only two attributes for this dimension. Temper, 

as observed on a fresh break of sherd material, was either coarse

grained or fine-grained. Coarse-grained temper exhibited particle sizes 

greater than .5 mm in diameter while fine-grained temper particle size 

was always less than this figure (see Colton 1953:40; see also Haury and 

Sayles 1947:52; Hammack 1969b; Morris 1969, 1970). 

The second dimension of variability is Interior Surface Finish. 

There are three attributes for this dimension: (1) plain, (2) slipped, 

and (3) smudged. These attributes were chosen for several reasons. 

It has been suggested (Hammack 1969b) that variation in these attributes 

provides information about the occupational variability of settlements. 

Specifically, sites characterized by the occurrence of all attributes in 
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non-trivial frequencies should have been occupied longer than sites 

exhibiting lower frequencies of these attributes. In addition, the 

relative frequencies of these attributes have often been used as 

evidence for taxonomic and chronological conclusions (see Haury 1940, 

Shaeffer 1954, Wheat 1955, Stafford 1978). 

Because ceramic materials were recovered from surface contexts 

some of the interior surface finish attributes were difficult to dis

tinguish. Polishing was originally designated an attribute for this 

dimension but was dropped because it could not be consistently and un

ambiguously detected given the often significant weathering of the 

interior surfaces of the material. The presence of a slip presented no 

observational problem. If the presence of a slip could not be concluded 

by inspection of the surface characteristics of a sherd, where ablation 

and spalling were key characteristics, its presence could be noted as a 

distinctive layer when a freshly exposed edge was viewed in profile 

(see Colton 1953:39). Certainly, if the slip had completely eroded, 

there was no basis for concluding the presence of this attribute. The 

detection of smudging presented no problem (Haury 1940) as it is 

probably the most durable of all the interior surface finish attributes. 

Finally, the attribute "plain" was simply the absence of any of the 

other attributes. 

The third dimension of variability is Exterior Surface Treat

ment. The attributes for this dimension are the following: (1) plain 

and unslipped, (2) plain and slipped, (3) textured and unslipped, and 

(4) textured and slipped. The term textured is used as a synonym for 

corrugated, indented, and indented-corrugated exterior surface 
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treatments, which represent the same finishing technique with different 

emphases (Graybiil 1973:91-95; see also Rinaldo and Bluhm 1956). While 

this procedure probably obscured some of the assemblage variability, it 

is justifiable since the distinction between corrugated and indented is 

often problematic even vhen complete vessels are examined. Further, 

texturing in general has been suggested by several workers (Haury and 

Hargrave 1930, Haury 1940, Rinaldo and Bluhm 1956, Morris 1969, J. 

Gifford 1978) as having temporal significance. That is, the greater 

the percentage of textured materials recovered, the later is the occupa

tion associated with those materials (see Stafford 1978). 

Brownware Typology and Units of Analysis 

The taxonomy forced by the hierarchical arrangement of these 

dimensions and their attributes is given in Figure 7.1. As before, units 

of analysis emerge at the bottom of the taxonomy, each one representing 

a unique and mutually exclusive set of criteria based on distinctions 

made at each level (dimension) of the taxonomy. 

The taxonomy pictured in Figure 7.1 shows that twelve units of 

analysis, referred to as "classes," can be distinguished for each 

attribute of temper coarseness. This means that a total of 24 units of 

analysis are available to accomodate the rar.ge of brownware variability 

exhibited by the Pitiful Flats assemblages. However, given the nature 

of the Pitiful Flats assemblages, not all 2- units of analysis were 

represented in the site collections. For example, a slipped interior 

occurs only with a slipped exterior, and in addition, this combination 

occurs only on fine-grained materials. Further, no examples of 



Tamper coarseness: Coarse-grained (CG) or fine-grained (FG) 

Plain Slipped Smudged Interior 
surfoct 
finish: 

Exterior Pioin, Plain, Textured, Textured, Ploin, Ploin, Textured, Textured, Plain, Plain, Textured, Textured, 
surface unslipped slipped unslipped slipped unslipped slipped unslipped slipped unslipped slipped untllpped slipped 
finish: 

Ceramic CG: I 2 3 4 9 6 7 8 9 io 
Class: FG: 13 14 19 16 17 16 19 20 21 22 23 

12 
24 

Figure 7.1. Brownware Taxonomy 
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textured and slipped exterior surfaces were observed for either 

coarse-grained or fine-grained materials. 

Because of these empirical relationships, the original taxonomy 

and set of classes were modified as follows. The textured and slipped 

attribute was dropped from the exterior surface treatment dimension. 

The only exterior surface treatment attribute under slipped interior 

surface finish is plain and unslipped, and this applies only to fine

grained ceramics. These modifications to the original taxonomy neces

sitate the construction of two brownware taxonomies, one for coarse

grained materials and one for fine-grained materials. 

The taxonomy in Figure 7.2 is for coarse-grained brownwares. 

Six units of analysis are defined by the taxonomy and their typological 

definitions are as follows: 

Class 1—plain (interior), plain and unslipped (exterior) 

Class 2—plain (interior), plain and slipped (exterior) 

Class 3—plain (interior), textured and unslipped (exterior) 

Class b—smudged (interior), plain and unslipped (exterior) 

Class 5—smudged (interior), plain and slipped (exterior) 

Class 6—smudged (interior), textured and unslipped (exterior). 

The taxonomy for fine-grained brownwares is given in Figure 7.3. 

Seven units of analysis are defined by the taxonomy and their typo

logical definitions are as follows: 

Class 7—plain (interior), plain and unslipped (exterior) 

Class 8—plain (interior), plain and slipped (exterior) 

Class 9—plain (interior), textured and unslipped (exterior) 
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Class 10—slipped (interior), plain and slipped (exterior) 

Class 11—smudged (interior), plain and unslipped (exterior) 

Class 12—smudged (interior), plain and slipped (exterior) 

Class 13—smudged (interior), textured and unslipped (exterior). 

It should be emphasized that these typologies are restricted to 

the analysis of ceramic assemblages associated with occupations that 

predate late Pueblo III times (that is, before A.D. 1250-1300). To 

accomodate ceramic material dating after this period an additional dimen

sion of variability, Exterior Surface Modification, would have to be 

added to the taxonomies. Relevant attributes would include polishing, 

tooling (incising, punching, scoring), and obliteration (see Rinaldo and 

Bluhm 1956; see also Gifford and Smith 1978). These characteristics, 

which are generally associated with the presence of redwares and poly

chromes (Haury and Hargrave 1930, Haury 1934, Smith 1971, Gifford and 

Smith 1978), were not observed on any of the Pitiful Flats material. 

Problems of Whiteware Typology in the 
Transition Zone 

In addition to the sampling problems discussed above and the 

complexity resulting from the overlap of three major whiteware tradi

tions in the Transition Zone, it seems also that the schemes used to 

classify these troublesome ceramics are simply inadequate to accommodate 

the observed range of variability. This is reflected in the numerous 

systems that have been designed to handle the Transition Zone whitewares. 

Ivestigators have often lumped several established types under a single 

type (Tuggle 1970; see also Longacre 1964), or have created a composite 
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category such as Kiatuthlanna-Red Mesa (Smith 1973; see also Vivian 

1965). Alternatively, other investigators have split their assemblages 

into types that are neither mutually exclusive nor well established, such 

as Corduroy B/W (Breternitz 1959:31, Rosenthal 1973:6) or Carrizo B/W 

(Cummings 1971:13). A third reaction has been to establish new types, 

which in some instances is justifiable (Colton 1941:55-64). Finally, 

several workers have opted for non-traditional methods, such as petro-

graphic analysis, in classifying their assemblages (F. Plog 1976, S. 

Plog 1977). While all of these schemes were productive steps in 

attempting to sort out the mineral-painted wares of the Transition Zone, 

it is clear that interregional comparability has not been facilitated, 

thus exacerbating the B/W typology problem. 

Technology-Centered or Design-Centered 
Classification Systems? 

In attempting to systematize these ceramics, it is useful to 

distinguish between two approaches. The technology-centered approach 

focuses on differences in the technological properties of ceramic 

materials as the basis for classification (see Gifford 1956 for a com

prehensive inventory of these properties). In contrast, the design-

centered approach emphasizes the decorative characteristics of ceramics 

irrespective of their technological properties (see Wasley 1959). While 

both approaches stress different aspects of the same type descriptions 

they do not have the same potential for the development of classifica

tion systems. 

A design-centered classification system allows the analyst to 

focus on a small set of key attributes rather than evaluating the 
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significance of a plethora of ambiguous technological criteria. The 

technological attributes that accompany formal type descriptions, such 

as temper type, carbon streak, color, texture, hardness, and fracture of 

the paste (see MNA Ceramic Series for extensive examples), represent the 

highly variable combinations of potter abilities, raw material dif

ferences, and localized firing conditions that characterize the process 

of ceramic manufacture (Guthe 1925; Colton 1941:7-18, 1953:14-27; Gerald 

1957; see also Roberts 1931:117). Therefore, technological properties 

can be expected to vary considerably from one pot-making episode to the 

next. 

However, it is well known that prehistoric patterns of ceramic 

decoration were remarkably consistent (Clarke 1935, Amsden 1936). Thus, 

the same style of design (Colton and Hargrave 1937:14-18) expectedly 

occurs on a wide variety of local technological bases (see Vivian 1965: 

33-35). Recent petrographic data from the TGE Springerville Project 

support the notion that the technological properties of ceramics vary 

independently of the style used to decorate the vessel (see Doyel 1978). 

For these reasons it is argued that a classification system based on the 

relatively invariant features of design styles provides a more reliable 

foundation for both describing and comparing ceramic assemblages than 

does a technology-centered system (see Judd 1940:430, Smith 1962:1172-

74). Why, then, have not design-centered classification systems been 

used more extensively? 
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Problems with Design-Centered 
Classification Systems 

The apparent reluctance on the part of archaeologists to use 

design-centered classification systems can be attributed to one main 

problem that has several consequences. The problem is that styles of 

design have not been described systematically in terms of attributes 

that are diagnostic or mutually exclusive (see Wasley 1959). One imme

diate consequence of this situation is that it is difficult to ob

jectively isolate different design styles (Bretemitz 1966:106), a 

problem that is compounded by assemblages characterized only by sherd 

material. In addition, Wilson (1976:18-19) has argued that the previous 

uses of design-centered classification systems could not accomodate the 

range of well-established whiteware types except by lumping them under 

one style, thereby obscuring potentially informative ceramic data. 

Finally, there has been no way of taxonomically relating different 

styles of design to one another. 

Whiteware Typology Construction: Dimensions 
of Variability and Relevant Attributes 

As previously mentioned, the characteristics of design styles 

have traditionally been enumerated in a non-hierarchical fashion which 

left the underlying dimensions of variability implicitly or at best in

completely specified (e.g., Colton 1953). This practice resulted in the 

creation of large overlapping (non-exclusive) sets of redundant and 

often irrelevant design characteristics (see Wasley 1959:240-288). 

However, by abstracting and testing different characteristics of these 

non-hierarchical design descriptions, key dimensions of variability and 
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appropriate diagnostic attributes can be isolated (Whallon 1972). After 

innumerable trial formulations, design styles were found to vary con

sistently in terms of four hierarchically arranged dimensions of varia

bility: (1) Line Width, (2) Design Layout, (3) Element Execution, and 

(4) Line Elaboration. A short description of each dimension and its 

attributes follows. 

The dimension of Line Width has four attributes. Narrow lines 

are those which are less than 2 mm in width. Medium lines are greater 

than 2 mm but less than 4 mm in width. Broad lines are always wider 

than A mm. Multiple line widths occur when designs are executed in 

several widths, such as narrow and medium lines or narrow and broad 

lines. 

The dimension of Design Layout describes how designs, irrespec

tive of their content, were arranged on a ceramic vessel. Design lay

outs are contrasted in terms of whether they are banded or unbanded. 

A banded design is one characterized by a bounded field of decoration 

(Amsden 1936:9; see also Washburn 1978:108). Conversely, unbanded 

designs lack this characteristic. 

The dimension of Element Execution refers to how elements of a 

design were artistically rendered and arranged. The attributes for this 

dimension are solid elements, no solid elements, hatched elements, 

positive geometric elements, negative geometric elements, unbalanced 

solid and hatched elements, and balanced solid and hatched elements. 

The fourth and final dimension of the taxonomy is termed Line 

Elaboration and refers to features such as pendant dots, pendant tri

angles, line ticks, etc. which occur on the lines and elements composing 
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the design of the vessel (Beals, Brainerd, and Smith 1945:95; Shepard 

1965:298). This dimension has two attributes, present or absent. The 

design-centered taxonomy created by the hierarchical arrangement of these 

dimensions and their attributes is illustrated in Figure 7.4. 

It should be noted that not all dimensions are useful in dis

tinguishing all design styles, and are dropped accordingly from the 

taxonomic framework. For example, the dimension of Design Layout is not 

very useful in separating design styles when they are executed in broad 

or multiple line widths; the dimensions of Line Elaboration and Element 

Execution are more accurate discriminators. Similarly, the dimension of 

Line Elaboration is superfluous when designs are executed in multiple 

line widths; again, Element Execution is a more effective discriminator 

(in fact, multiple line widths and line elaborations appear to be a 

mutually exclusive combination of design features). 

Discussion of Design Styles Partitioned 
by the Taxonomy 

Inspection of Figure 7.4 reveals that eleven design styles, which 

occur prior to late Pueblo III times, have been isolated by the taxonomy. 

The different styles have the following characteristics. 

1. Lino Style—designs are executed in narrow width lines (generally 

1-2 mm) that are frequently elaborated. The unbanded design 

layout contains no solid elements (see Lister and Lister 1978: 

18, with exception of No. 9565; Hall 1944:37, A-D; Morris 1959: 

511). 

2. Vhite Mound Style—designs are executed in narrow width lines 

(generally 1-2 mm) that are not elaborated. The banded design 
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layout always contains solid elements (see Roberts 1931:142; 

Hall 1944:37, E-F; Gladwin 1945:Plate XII, A-C, E; Ferg 1978: 

57, A; Roberts 1940:Plate 24, B, D; Plate 26, E; Plate 27, E, F). 

3. Kana-a Style—designs are executed in narrow width lines 

(generally less than 1 mm) that are frequently elaborated. The 

banded design layout frequently contains solid elements (see 

Colton 1955:Ware 8B, Type I; Beals, Brainerd, and Smith 1945: 

92, C, E, H, J, Q, R, T; Gumerman 1970:21, A-C). 

4. Kiatuthlanna Style—designs are executed in medium width lines 

that are not elaborated. The unbanded design layout (which 

resembles a stripe) rarely contains solid elements (Roberts ; 

1931:Plate 22, B, C; Roberts 1940:58, 75, 81, 94; Gladwin 1945: 

Plate XXII, A; Martin and Willis 1940:145:3-7; Windes 1977:318). 

Squiggled line hatching occurs frequently and can be considered 

diagnostic of the style in many cases (see Gladwin 1945:Plate 

XXIII; Vivian 1965:31-34). 

5. Red Mesa Style—designs are executed in medium width lines that 

are frequently elaborated. The banded design layout frequently 

contains solid elements which often offset one another or are 

interlocked (see Ferg 1978:59, C; Martin and Willis 1940:147; 

Gumerman, Westfall, and Weed 1972:22; Roberts 1940:78, 88; 

Gladwin 1945:Plate XXIX). 

6. Sosi Style—designs are executed in broad lines that are never 

elaborated (Colton 1953:77; Colton 1941:62; Martin and Rinaldo 

1960:104; Martin, Rinaldo, and Longacre 1961:116; Doyel 1976: 

252). 
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7. Black Mesa Style—designs are executed in broad lines that are 

always elaborated (Gumerman, Westfall, and Weed 1972:22; Colton 

1941:60; Colton 1953:76). 

8. Dogoszhi Style—designs are executed in multiple line widths 

and are composed exclusively of hatched elements (Colton 1953: 

77, Gumerman 1970:26, Wasley 1959:264, Colton 1941:57). 

9. Walnut Style—designs are executed in multiple line widths and 

are composed of positive geometric elements only (solid flying 

triangles and solid triangular scrolls are quite diagnostic; 

Colton 1955:Ware 9B, Type 5; Colton and Hargrave 1937:239; 

Harrill 1973:53, C-D; Longacre 1964:114, A-B; Martin and Willis 

1940:265, No. 5; 267, Nos. 2 and 3). 

10. Puerco Style—designs are executed in multiple line widths and 

are composed of negative geometric elements (negative parallelo

grams, checkerboards) or unbalanced solid and hatched elements 

(Wasley 1959:269; Martin and Willis 1940:155, Nos. 4, 5, 6; 157: 

Nos. 3-8; Harrill 1973:53, A; Carlson 1970:89; Roberts 1940: 

Plate 28, E). 

11. Wingate Style—designs are executed in multiple line widths and 

are composed of balanced solid and hatched elements (see Hough 

1914:Plate 9; Martin, Rinaldo, and Longacre 1961:135; Carlson 

1970:90; Martin and Willis 1940:167, Nos. 2, 3 6; 171, with 

exception of No. 2; Nesbitt 1938:Plate 30, B, D, E). 

The implications of the design style taxonomy for resolving the 

B/W typology problem in the Transition Zone and for revising and 
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updating the White Mountain Series of Cibola Whiteware (Colton 1965:26) 

have been discussed elsewhere (Sullivan 1978b) and will not be repeated 

here. The major whitewares which occur in the Transition Zone and their 

representative types have been added under the appropriate design styles 

in Figure A.2 to illustrate how they are related to one another at dif

ferent taxonomic levels. 

The whitewares of the Pitiful Flats ceramic assemblages were 

partitioned according to the design styles defined by the taxonomy. 

Although no examples of Lino, Kana-a, or Dogoszhi style were observed in 

the material, unambiguous examples of all other design styles that pre

date late Pueblo III times were recovered and are illustrated in Figure 

7.5. 

Given the fragmentary nature of the Pitiful Flats ceramic 

materials, design style affiliation could not always be determined for 

each whiteware sherd. An analytic distinction was made, however, be

tween undecorated whiteware sherds (whiteware sherds exhibiting no 

paint) and decorated but unclassifiable whiteware sherds. This distinc

tion was made in the hope of detecting a temporal trend in whiteware 

decoration, since it is well known that early whitewares have less of 

their surfaces (both interior and exterior) decorated than do later 

whitewares. Accordingly, ten units of analysis were used in the study 

of whiteware variability (8 styles plus undecorated and decorated white-

wares). The estimated major period of popularity for each style is as 

follows (dates are based on Colton and Hargrave 1937, Colton 1953, 

Kasley 1959): 
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White Mound Style—early to late Pueblo I 

Kiatuthlanna Style—late Pueblo I to early Pueblo II 

Red Mesa Style—Pueblo II 

Black Mesa Style—Pueblo II 

Puerco Style—Pueblo II 

Sosi Style—late Pueblo II to early Pueblo III 

Walnut Style—late Pueblo II to early Pueblo III 

Wingate Style—Pueblo II to Pueblo III. 

Measures of Ceramic Assemblage Variability 

The variability of the Pitiful Flats ceramic assemblages was 

measured three ways: (1) sherd frequency, (2) sherd weight, and (3) 

minimum number of vessels. Although counting sherds is a standard 

method for describing ceramic variation (Colton 1953), several 

archaeologists have argued that the sherd weight produces meaningful 

data faster (King 1949:110, Johnson 1964:153) and easier (Evans 1973: 

133) than the sherd count method. Smith (1952:82) concluded, however, 

that there is very little difference in measuring ceramic variation by 

sherd counts or sherd weights. Gifford (1951:223) and Evans (1973) 

have argued that for purposes of stratigraphic control weight is 

superior to count and tends to control somewhat for some of the tech

nological factors, such as tensile strength of the paste, and for some 

of the random factors (Jelinek 1967:59) that contribute to the produc

tion of sherds from whole vessels. Orton (1975:31) discusses the 

statistical effects of breakage and recovery rates on the production of 

variation in sherd frequencies. 
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MqPherron (1967:254) argued that variation in mean sherd weight 

could be used as an "index of trampling," that is, as a measure of 

activity intensity (see also Grebinger and Bradley 1969:119; Grebinger 

1971:48). DeBoer and Lathrap (1979:133) have documented this process 

ethnographically in Peru. Jelinek (1967:84) noted, however, that only 

weak evidence could be assembled to support the conclusion that temporal 

differences in mean sherd weight were culturally or behaviorally 

meaningful. 

Solheim (1960:325) has suggested that both methods, sherd count 

and sherd weight, should be used in conjunction since this "yields more 

information than either method by itself." Further, he adds that con

clusions about site homogeneity or heterogeneity, which can be inter

preted as variation in duration of an occupational episode, can be 

advanced by evaluation of the similarity between percentages of type 

frequences and type weights. That is, if the percentages of frequency 

and weight are similar the site is homogeneous (that is, of short dura

tion), while if the percentages are not similar, the site is not 

homogeneous. It should be noted that Solheim's propositions are based 

on the analysis of excavated samples. There is a distinct possibility, 

then, that his conclusions may not hold if the material represents 

surface assemblage variability alone, since many factors may influence 

the percentage variation between count and weight. 

The last measure of ceramic variability is minimum number of 

vessels (MNV) represented by the sherd collections. At least since 

Krieger's pioneering analysis of the George C. Davis Site ceramic 

assemblages (Newell and Krieger 1949), archaeologists have been alerted 
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to the implications of trying to collapse sherd material into the 

vessels from which they originated (Baumhoff and Heizer 1959). For 

example, if certain ceramic types or vessel forms break into larger 

numbers of fragments than other types or vessel forms, graphical seria-

tion can be seriously compromised (Ford 1962:337-342; see also Burgh 

1959:192). In an innovative study of off-settlement subsistence varia

bility in the Sonoran Desert, Doelle (1976:182) demonstrated that a low 

sherd/vessel ratio combined with a "high percentage of cases which fall 

below this mean strongly suggests that reuse of broken pottery was a 

common practice," implying that analysis of sherd counts alone would 

have yielded far different functional conclusions. Finally, Cook (1972) 

used estimates of sherd counts, sherd weights, and "turnover rates" (in 

kilograms) of household ceramics to support conclusions about paleo-

demography and occupational variability of several major Southwestern 

sites (Pecos Pueblo, the SU Site, and Snaketown). 

It should be noted that vessel form was initially recorded as a 

variable but was dropped because the small size of the Pitiful Flats 

material permitted little more than guesses as to the form of the 

original vessel. 

Procedures 

For each recovery unit from a site, all of the sherds belonging 

to the same brownware class or whiteware style that were also once part 

of the same vessel (see below) were counted and weighed as an aggregate 

to the nearest .1 gram. It was often the case that within a recovery 

unit, a number of sherds of the same class or style represented several 



different vessels. This information was retained using this data re

cording procedure. 

In those situations where there was more than a single sherd 

representing a vessel of a particular class or style from a recovery 

unit, the method of determining individual sherd weight follows the 

method described in Chapter 5 to determine the mean weight of lithic 

materials. That is, the weight of the aggregate (all sherds belonging 

to the same vessel from a recovery unit) was divided by the frequency to 

determine mean sherd weight. And the number of cases having this com

puted mean value is equal to the number of sherds. Thus, if five 

sherds from a single vessel weighed 25 grams, then the data available 

for statistical analysis would be 5 sherds weighing 5 grams each. The 

statistical effects of this procedure are identical to those described 

in Chapter 5 and will not be repeated here. 

The procedures for determining minimum number of vessels (MNV) 

require somewhat lengthy discussion because of the various degrees of 

precision that accompany different procedures. A hierarchy of vessel 

collapse criteria was developed, similar to those employed by Krieger 

(1949:75-77) in the analysis of the George C. Davis Site ceramics. The 

most precise method of determining if two or more sherds represent the 

same vessel is if they fit together, an example, according to Moberg 

(1971), of an "affiliation of ex-connection." Since this occurs rather 

infrequently, the following set of criteria had to be relied upon: (1) 

vessel wall thickness; (2) size, nature, and distribution of paste in

clusions; and (3) core color (see Colton 1953). Two or more sherds were 

collapsed into a single vessel if they fit together or if there was a 
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match between all of the technological criteria. Lack of a match 

between sherds on any one of the technological criteria was sufficient 

grounds for not collapsing the sherds into a single vessel. 

Several assumptions which underlie the use of the technological 

criteria require discussion. First, it is assumed that the technology 

of ceramic production, prior to late Pueblo III times in the Transition 

Zone, was not a specialized activity. That is, there were no special

ists who functioned exclusively as pot makers for a settlement or 

region. Second, it is assumed that relatively small numbers of vessels 

were fired at a single time (Colton 1939, 1953:12, 1941:15). The 

interaction between these variables, that is, small batches of vessels 

made by non-specialists, produces significant inter-pot and inter-batch 

differences in the values of the technological variables (especially 

core color, temper distribution, and temper size). 

With these assumptions it is possible to discuss sources of 

error in estimating MNV. Two possible errors may arise as a result of 

these procedures: (1) sherds are collapsed into a vessel when it is 

unwarranted and (2) sherds are not collapsed into a vessel when it is 

warranted. The relative probability of each error depends on the nature 

of the ware being analyzed. There is a greater probability for both 

errors to occur when dealing with brownware sherds since their charac

teristics are less variable than whiteware materials. 

The probability of committing an error in estimating MNV is 

considerably less when dealing with the ceramic inventory of a recovery 

unit than when trying to estimate the MNV for an entire site. The 

probability of error increases in the latter situation because each 
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sherd or aggregate of sherds representing a vessel is checked against 

every other sherd and aggregate to determine if a match can be made (cf. 

Krieger 1949). This tedious and time-consuming process was necessitated 

since there was no a_ priori reason to reject the possibility that 

portions of the same vessel were scattered among recovery units. 

Empirically, this often turned out to be the case. 

The application of the typologies and the measures of ceramic 

variability to the 22 ceramic sites produced several data sets. Using 

these data sets, a variety of conclusions concerning the ceramic varia

tion of the Pitiful Flats sites can now be advanced. The general scheme 

of presentation of these analyses is as follows. First, the data will 

be used to determine if general patterns of variation can be established 

for all ceramic sites. Second, variation between classes will be 

examined to see if interpretable sub-groups of sites can be objectively 

determined. And third, individual site interpretations will be pre

sented combining all the evidence accumulated on site nonassemblage 

variability, ceramic nonassemblage variability, and ceramic assemblage 

variability. 

Variation of Pitiful Flats Ceramic Assemblages; 
Relations Between Sherd Counts, Sherd Weight, 

and MNV 

Very strong relationships exist between sherd counts, sherd 

weight, and MNV. These relationships are discussed at two levels of 

generality for all 22 ceramic sites: (1) total ceramic variation (that 

is, total number of sherds, their total weight, and total MNV) and (2) 

variation by ware (brownwares and whitewares; see Appendix D). 
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As a group, the ceramic sites exhibit very high positive correla

tions between sherd count, sherd weight, and MNV (data are given in 

Table 7.1). The high positive correlations hold when pair-wise com

binations of the three variables are considered, using Kendall's Tau 

(Table 7.2), and when all three variables are simultaneously correlated 

by means of Kendall's Coefficient of Concordance (also known as 

Kendall's W; see Gibbons 1976:300ff; Table 7.2). High and positive 

correlations between these variables also exist when brownwares (data in 

Table 7.3) or whitewares (data in Table 7.A) are considered (Tables 7.5 

and 7.6). 

Ceramic Group Formation 

The results of the analyses reported above may give the impres

sion that there is little ceramic variation between ceramic sites. On 

the contrary, two groups can be designated on the basis of the outcome 

of a Kruskal-Wallis test performed on the sherd weights of coarse

grained brownwares, fine-grained brownwares, and whitewares. These 

particular categories were chosen for the analysis because they repre

sent the major set of ceramic technological forms (that is, the major 

combinations of temper type and firing conditions) that occur at any 

ceramic site. The Kruskal-Wallis tests revealed that weight differ

ences exist between these ceramic categories for eight sites (Group 1): 

2, 5, 10, 17, 22, 25, 27, 31 (see Table 7.7). No weight differences 

between the three ceramic categories could be demonstrated for the 14 

other ceramic sites (Group 2): sites 3, 11, 12, 14, 15, 16, 18, 19, 21, 

23, 24, 26, 28, and 30. 
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Table 7.1. Total ceramic assemblage variability. 

Total sherd Total sherd 
Site frequency weight (g) Total MNV 

2 89 304 60 
3 9 69 7 
5 137 758 86 
10 187 839 109 
11 177 875 101 
12 103 416 45 
14 23 140 12 
15 113 380 61 
16 31 130 22 
17 235 1128 120 

18 139 711 90 
19 145 726 67 
21 8 25 6 
22 61 409 41 
23 9 74 8 
24 11 71 7 
25 322 1059 178 
26 59 389 2 
27 479 2133 139 
28 32 72 13 
30 238 863 74 
31 93 414 47 

Table 7.2. Correlation between total sherd count, total sherd weight, 
and total MNV. 

Sherd count Sherd weight 

Sherd count 

Kendall's Tau 

1.000 

Sherd weight .850 
(p=.001) 

1.000 

MNV . 822  
(p=.001) 

.764 
(p=.001) 

Kendall's W = 1.000 (p < .001) 
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Brownware sherd Brownware sherd 
frequency weight (g) Brownware MNV 

42 113 33 
3 34 3 

93 588 54 
93 438 57 

142 726 78 
95 389 39 

9 73 7 
108 366 57 
23 99 18 

151 822 72 
90 484 59 

103 516 47 
3 8 2 

57 374 38 
4 43 4 
7 57 4 

272 888 144 
1 11 1 

417 1892 111 
26 63 9 

222 809 63 
44 248 23 
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Table 7.4. Whiteware assemblage variability. 

Whiteware sherd Whiteware sherd 
frequency weight (g) Whiteware MNV 

47 191 27 
2 24 2 

44 170 32 
94 401 52 
35 149 23 
8 27 6 
1 2 1 
5 14 4 
8 31 4 
84 306 48 
49 227 31 
42 210 20 
4 13 3 
4 35 3 
5 31 4 
4 14 3 
50 171 34 
58 378 1 
62 241 28 
2 2 2 

16 54 11 
49 166 24 
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Table 7.5. Correlation of brovmware sherd count, sherd weight, and MNV. 

Brownware sherd count Brownware sherd weight 

Brownware sherd count 

Kendall's Tau 

1.000 

Brownware sherd weight 

Brownware MNV 

.865 
(p=.001) 

.860 
(p=.001) 

1.000 

.874 
(p=.001) 

Kendall's W = .970 (p < .001) 

Table 7.6. Correlation of whiteware sherd count, sherd weight, and MNV. 

Whiteware sherd count Whiteware sherd weight 

Whiteware sherd count 

Kendall's Tau 

1.000 

Whiteware sherd weight .819 
(p=.001) 

1.000 

Whiteware MNV .765 
(p=.001) 

.625 
(p=.001) 

Kendall's W = .934 (p < .001) 
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Table 7.7. Kruskal-Wallis analyses. 

Category n R DR1 DR2 

Site 2 

Coarse-grained brovmwares 22 51.9 — — 

Fine-grained brownwares 22 30.5 21.4* — 

Whitewares 47 50.5 1.4 20.0* 

N=91 X2 = 10.04 (p < .001) 

Site 5 

Coarse-grained brownwares 83 81.0 — — 

Fine-grained brownwares 10 34.9 46.1* — 

Whitewares 42 50.2 30.8* 15.3 

N=135 X2 = 24.96 (p < .001) 

Site 10 

Coarse-grained brownwares 78 107.2 — — 

Fine-grained brownwares 14 87.2 20.0 — 

Whitewares 96 85.3 21.9* 1.9 

N=188 X2 = 7.27 (p = = .026) 

Site 17 

Coarse-grained brownwares 69 147.0 — — 

Fine-grained brownwares 80 107.6 39.4* — 

Whitewares 81 96.5 50.5* 11.1 

N=230 X2 = 23.22 (p < .001) 

Site 22 

Coarse-grained brownwares 8 45.5 — — 

Fine-grained brownwares 49 28.0 17.5* — 

Whitewares 4 38.9 6.6 10.9 

N=61 X2 = 7.54 (p = .023) 

Site 25 

Coarse-grained brownwares 98 199.4 — — 

Fine-grained brownwares 171 138.7 60.7* — 

Whitewares 50 155.6 43.8* 16.9 

N=319 X2 = 27.19 (p < .001) 
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Table 7.7.—Continued 

Category n R DR1 DR2 

Site 27 

Coarse-grained brownwares 252 260.7 — — 

Fine-grained brownwares 162 208.1 52.6* — 

Whitewares 62 227.7 33.0 19.6 

N=476 X2 » 14.91 (p = .001) 

Site 31 

Coarse-grained brownwares 24 59.8 — — 

Fine-grained brownwares 20 49.1 10.7 — 

Whitewares 

9 

49 39.9 19.9* 9.2 

N=93 X2 = 8.96 (p = .011) 

*Significant Difference at .05. 

R = Mean Rank; DR1, DR2 = Mean Rank Difference 
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Interpretation of Kruskal-Wallis Analyses 

As is shown below, these two groups differ with respect to 

various variable sets. The interpretation, however, of the presence of 

significant weight differences between coarse-grained brownwares, fine

grained brownwares, and whitewares at a single site is not completely 

unambiguous. There are at least three factors that might account for 

the differences: (1) post-depositional modification, (2) trade, and (3) 

technology. Each factor is now discussed in turn. 

Differences between the three ceramic categories is not a 

function of post-depositional modification since that would require 

fragments of certain ceramic categories to be "singled out" for reduc

tion into smaller pieces in relation to other categories. This is a 

highly unlikely possibility assuming that brownwares of different temper 

types and whitewares were not discarded in special and mutually exclu

sive spatial locations. More importantly, any form of post-

depositional modification, such as trampling or bulldozing, would tend 

to obliterate any weight differences that might have existed between 

the three ceramic categories; such modification would certainly not have 

produced any differences between them. 

If the occupants of these settlements were importing some 

ceramic vessels, the variation between imported and locally produced 

ceramics could certainly be a factor contributing to the differences 

between the three ceramic forms. However, there is little evidence for 

trade prior to late Pueblo III times in the Grasshopper region. In 

addition, the differences between the three categories are not the same. 

For Site 2, there are significant weight differences between 
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coarse-grained brownwares and fine-grained brownwares and between fine

grained brownwares and whitewares. For Site 5, however, there are 

significant differences between coarse-grained brownwares and fine

grained brownwares and between coarse-grained brownwares and whitewares 

(see Table 7.7 for additional examples). This evidence necessitates the 

conclusion that if the trade hypothesis is true, the nature of trade was 

highly variable between different Pitiful Flats settlements. 

The explanation that best fits these data is that the differ

ences between wares and temper types are technological in nature and may 

result from a drift in the technological variables through time. These 

differences may also result from "functional variability." Either one 

or both of these factors would tend to be associated with settlements 

that are not functionally specific or occupied for short periods of 

time. Evidence is presented later in this chapter to support these 

suppositions. 

With respect to site nonassemblage variability, Group 1 sites 

(sites with significant differences between the ceramic categories) are 

both larger and have more clustered distributions of occupational debris 

than do Group 2 sites (sites without significant differences between the 

ceramic categories), although there is no difference in the occupational 

debris (Table 7.8). Further, Group 1 sites have more clustered distri

butions of ceramic materials than do Group 2 sites, although again there 

is no difference in the density of ceramic material between the two 

groups (Table 7.9). These data support the notion that the DSU of Group 

1 sites was greater than the DSU of Group 2 sites. If these conclusions 

are correct, ceramic variability might be a function of variation in 
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Table 7.8. Test of differences in site nonasserablage variability 
between Group 1 and Group 2 sites. 

Group 1 Group 2 

Site Area Density Distribution Site Area Density Distribution 

2 2055 .98 7.97 3 16 1.50 .29 
5 1975 .45 4.09 11 1707 .88 4.77 

10 3339 .60 12.32 12 725 .50 3.88 
17 1203 .42 14.47 14 180 1.25 1.97 
22 577 .30 5.47 15 1660 .78 2.28 
25 1735 .82 9.05 16 798 .31 .89 
27 1257 .92 23.55 18 1488 .69 2.89 
31 2306 .29 1.40 19 945 .50 8.18 

21 1081 .30 .70 
23 336 .63 .53 

24 194 1.25 1.82 

26 322 .55 3.59 
28 586 .63 1.73 
30 789 1.00 13.52 

Mann-Whitney Analyses 

Variable Group 1 Group 2 U 

2-Tailed 
probability 

Area Mean rank 16.6 8.6 97. 0 .005 

Density Mean rank 9.3 12.8 38. 5 .232 

Distribution Mean rank 16.1 8.9 93. 0 .012 
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Table 7.9. Test of differences in ceramic nonassemblage variability 
between Group 1 and Group 2 sites. 

Group 1 Group 2 

Ceramic Ceramic Ceramic Ceramic 
Site density distribution Site density distribution 

2 .21 7.00 3 .63 .53 
5 .47 4.09 11 .57 4.74 

10 .49 5.36 12 .63 4.36 

17 .83 10.05 14 .44 3.34 

22 .63 5.49 15 .60 2.26 

25 .97 7.68 16 .47 .81 

27 1.00 22.22 18 .66 2.71 

31 .50 1.63 19 .68 9.22 
21 .21 .63 
23 .50 1.28 
24 .75 .80 
26 .45 4.87 
28 .25 4.06 
30 .72 15.24 

Mann-Whitney Analyses 

2-Tailed 
Variable Group 1 Group 2 U probability 

Ceramic 
density Mean rank 12.8 10.8 66.5 .473 

Ceramic 
distribution Mean rank 15.6 9.1 89.0 .024 
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occupation span. That is, the longer a settlement is continuously 

occupied the more variation is likely to be found in the ceramic 

assemblages. 

There is substantial ceramic variation within each of these 

major groups, however. This variation can be reduced somewhat by sub

dividing each group on the basis of significant breaks in the range of 

estimated MNV for each group. Group 1 can be divided into two sub

groups as follows: Group la consists of those sites with 86 or less 

estimated MNV, while Group lb consists of those sites with 109 or more 

MNV. Group 2 can be similarly subdivided: Group 2a consists of'those 

sites with 22 or fewer MNV, while Group 2b consists of those sites with 

45 or more MNV. The sites belonging in each subgroup and the MNV for 

each is given in Table 7.10. 

It is interesting to note that those sites which exhibit 

evidence for stone tool manufacture (indicated in Table 7.10) do not 

concentrate within any group or sub-group. However, there appears 

to be a correspondence between lithic technology and ceramic 

variability in that those sites with 45 or more MNV generally have 

evidence for stone tool manufacture (Groups la, lb, and 2b: 71.4% [10 

of 14 sites from these three groups]), while sites with 22 or less MNV 

generally do not exhibit such evidence (Group 2a: 25% [2 of 8 sites]). 

These data are evidence, albeit somewhat weak, for the proposition that 

with increasing occupation span (as measured by greater MNV), there is 

a greater likelihood for lithic technology to become more complex as 

tool manufacture is added to the basic flake production technology. 
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Table 7.10. Ceramic site subgroups. 

Site MNV 

Group la CI 86 MNV) 

2a 60 
5a 86 
22 41 
31 47 

Group lb C> 109 MNV) 

10a 109 
17a 120 
25a 178 
27a 139 

Group 2a (< 22 MNV) 

3 7 
14 12 
16 22 
21a 6 
23 8 
24 7 
26 2 
28a 13 

Group 2b (2: 45 MNV) 

lla 101 
12 45 
15a 61 
18a 90 
19 67 
30a 74 

0 
Evidence for stone tool manufacture. 
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Brownware Variability: Group Differences 

A discriminant analysis was performed on the percentage occur

rence of the various brownware classes to determine if and on what basis 

the four groups (la, lb, 2a, 2b) could be separated. The relative 

frequencies of the thirteen brownware classes (Table 7.11) for each 

Pitiful Flats ceramic site were used in the analysis since these data 

bear no relation to the criteria used to define the groups initially. 

The results of the discriminant analysis were very encouraging for 

several reasons. 

First, the four groups were readily separated; there is no over

lap between groups as all sites were classified correctly (Figure 7.6). 

Second, an examination of the standardized discriminant function co

efficients for the thirteen brownware classes (Table 7.12) provides a 

basis for ranking the classes in terms of their discriminatory power. 

This discussion is limited to the first discriminant function since it 

accounts for most of the variance (75.9%) compared to the other two 

functions (second function accounts for 18.6%; third function accounts 

for 5.5%) and is the only statistically significant function (p = .021). 

With respect to the first discriminant function, then, Classes 1, 8, 9, 

3, 13, A, 5, and 6 appear to be primarily responsible for effectively 

discriminating between the groups. These classes can be broken down 

into sets as follows. Classes 1 and 8 are "utility" classes which 

differ in temper (coarse-grained and fine-grained respectively) and 

exterior surface finish (unslipped and slipped respectively). Classes 9 

and 3 are similar in surface treatments (plain interior, textured and 

unslipped exterior), differing only in temper type (coarse-grained and 



Site 

2 
5 

22 
31 

10 
17 
25 

27 

3 
14 

16 
21 
23 
24 
26 
28 

11 
12 
15 
18 
19 
30 

Table 7.11. Percentage of brownware classes. 

Class Class Class Class Class Class Class Class Class Class Class Class Class 
1 2 3 4 5 6 7 8 9 10 11 12 13 

Group la 

17.4 1.1 1.1 4.3 6.5 1.1 1.1 13.0 2.2 
58.1 5.2 2.2 .7 1.5 6.7 .7 

11.5 1.6 29.5 4.9 1.6 27.9 16.4 
24.7 1.1 9.7 8.6 3.2 

Group lb 

36.3 3.1 .5 3.1 4.1 
29.3 .4 17.7 2.6 .9 4.7 8.6 

29.6 .3 .6 41.7 .3 .6 .6 6.5 2.2 1.2 

50.2 .2 2.5 13.0 .4 18.3 .8 1.5 

Group 2a 

11.1 11.1 11.1 
21.7 4.3 8.7 4.3 

61.3 12.9 
12.5 25.0 

22.2 22.2 
45.5 9.1 9.1 

1.7 
40.6 3.1 21.9 9.4 6.3 

Group 2b 

52.2 2.2 3.9 3.4 7.9 1.1 5.1 1.7 1.1 .6 .6 

52.4 1.0 1.0 1.9 23.3 1.0 4.8 3.9 1.0 1.9 

4.4 73.5 .9 16.8 

25.2 1.4 13.6 7.9 5.8 2.2 8.6 

36.6 2.1 7.6 3.4 17.2 1.4 2.8 

5.1 71.7 1.3 1.7 13.1 .4 
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Group 2a 
(Late Pueblo II to 

Eorly Pueblo III) 

Group Ib 
(Early to Middle 
Pueblo II) 

Group la 
(Middle Pueblo II) 

Group 2b 
(Middle to Lote Pueblo II) 

Figure 7.6. Graphic Representation of the Results of Discriminant 
Analysis Based on Brownware Class Percentage Data 
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Table 7.12. Standardized discriminant function coefficients for first 
discriminant function (brownware class percentage data). 

Brownware class Coefficient 

1 3.68* 

2 .11 
3 2.19® 

4 1.54a 

5 -0L. 41a 

6 1.05a 

7 .17 
8 3.64a 

9 -3.24a 

10 -.04 
11 .58 
12 -.01 
13 2.15a 

£ 
Important discriminating classes. 
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fine-grained respectively). All of the remaining classes, Classes 13, 

4, 5, and 6, have the same interior surface finish (smudging); Class 13 

is the only class made with fine-grained temper; Classes 4, 5, and 6 are 

all coarse-grained. 

These data support the conclusion that the time-sensitive 

attributes of smudging and texturing are important in discriminating 

between groups. This means that there was a directional technological 

change in brownware assemblage variability over time. As Haury (1940: 

94) has argued, smudging is a relatively early technique followed, 

though not replaced, by forms of exterior surface treatment such as 

texturing (see also Rinaldo and Bluhm 1956). These four groups, then, 

represent distinct occupational periods based on shifts in the popu

larity of brownware finishing techniques. It can be seen from Figure 

7.6 that Group 2a is separated considerably from all other groups, Group 

2b occupies an intermediate position, and Groups la and lb are close to 

one another but separated from the other two groups. The distribution 

of temporally diagnostic whiteware sherds (see below) indicates that 

Group 2a is the latest group of ceramic sites (late Pueblo II to early 

Pueblo III), and that Group 2b sites (Middle to Late Pueblo II) are 

earlier than Group 2a sites but later than Group la and Group lb sites 

(Early Pueblo II to Middle Pueblo II). 

Whiteware Variability: Group Differences 

In order to determine if the conclusions concerning temporal 

distinctions among the four ceramic site groups could be substantiated, 

a discriminant analysis was performed on design style percentages (data 
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are given in Table 7.13). The results of the analysis are less dramatic 

than those based on brownware data, but are nevertheless quite inter-

pretable. 

The first discriminant function based on whiteware data accounted 

for 75.7% of the variance in the data; however, unlike the first dis

criminant function used in brownware analysis, it is not a statistically 

significant function. This means that it is generally difficult to 

distinguish between the four groups based on whiteware percentage data. 

The fact that the analysis misclassified 4 sites (18.2% of the 22 

ceramic sites) is another indication of this. The general conclusion 

supported by these findings is that there is some temporal overlap 

between groups. An examination of the plot of the first two discrimi

nant scores for each site shows why there is such an overlap and where 

it occurs (Figure 7.7). Estimates of the maximum period of occupation 

for each group, based on the temporal range of the whiteware styles, 

have been assigned to each group. Clearly, Group lb is separated from 

all other groups and is interestingly the "earliest" group of ceramic 

sites. The area of greatest overlap seems to occur during middle to 

late Pueblo II times. This overlap catches the end of the period of 

occupation for Group la sites, the entire period of occupation for Group 

2b sites, and the beginning of the period of occupation for Group 2a 

sites. 

Nonassemblage Variability: 
Group Differences 

A discriminant analysis was performed on seven nonassemblage 

variables to determine if the four groups of ceramic sites could be 



Table 7.13. Percentage of whiteware design styles (including undecorated and decorated white-
wares) . 

Indeterminate 
style 

Undecor- Decor- White Kiatuth- Red Black Other 
Site ated ated Mound lanna Mesa Sosi Mesa Walnut Puerco Wingate (Pinedale) 

Group la 

2 12.0 26.1 6.5 6.5 

5 14.8 10.4 3.0 1.5 1.5 
22 4.9 1.6 
31 18.3 22.6 8.6 1.1 

Group lb 

10 25.0 12.2 1.0 2.6 5.6 1.5 1.0 
17 15.1 5.6 10.3 2.6 .9 .4 

25 4.7 5.6 .3 2.8 . 6 1.6 
27 2.9 5.5 .6 .8 .8 2.3 

Group 2a 

3 22.2 
14 4.3 
16 6.5 19.4 

21 12.5 12.5 12.5 12.5 
23 44.4 11.1 
24 27.3 9.1 

26 5.1 
28 3.1 3.1 

ro 
oo 



Table 7.13.—Continued 

Indeterminate 
style 

Undecor- Decor- White Kiatuth- Red Black Other 

Site ated ated Mound lanna Mesa Sosi Mesa Walnut Puerco Wingate (Pinedale) 

Group 2b 

11 9.6 3.9 1.1 1.1 3.9 
12 2.9 4.9 
15 2.7 .9 .9 
18 10.1 9.3 8.6 7.2 
19 9.7 10.3 6.2 .7 .7 
30 3.A 1.3 .8 1.3 
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Group la 
(Middle Puebloll) 

Group lb 
(Early to Middle Pueblo II) 

Group 2 b 
(Middle to Late 
Pueblo II) 

Group 2 a 
(Late Pueblo II to 
Early Pueblo III) 

Figure 7.7. Graphic Representation of the Results of Discriminant 
Analysis Based on Whiteware Style Percentage Data 
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separated on yet another independent set of criteria. The seven 

variables were the following: (1) site area, (2) density of occupa

tional debris, (3) distribution of occupational debris, (4) density of 

sherds, (5) distribution of sherds, (6) density of lithics, and (7) 

distribution of lithics (data are given in Table 7.14; cf. Powell and 

Klesert 1980:368). 

The first discriminant function accounted for 92.7% of the 

variance in the data and is the only statistically significant function 

(p < .001). Four nonassemblage variables contribute heavily to the 

discriminatory power of the first discriminant function: (1) distribu

tion of occupational debris, (2) site area,-(3) density of sherds, and 

(4) distribution of sherds (see Table 7.15 for standardized discriminant 

function coefficients). A plot (Figure 7.8) of the scores of each site 

for the first two discriminant functions shows that Groups lb and 2a are 

quite distinct from one another and from Groups la and 2b. There is 

some overlap between the latter two groups, however. 

If these results are combined with those of previous analyses, 

an interesting pattern emerges. Table 7.16 contains the conclusions 

regarding the occupational history of each ceramic site based on the 

analyses of site nonassemblage variability and lithic variability re

ported in Chapter 6. By subjectively assigning a "mean" occupational 

history for each group and incorporating the knowledge that in general 

Group lb is early, Group 2a is late, and Groups la and 2b are inter

mediate in time, it can be seen that there is a distinct directional 

trend in settlement strategy through time. That is, Figure 7.8 (plot of 

nonassemblage variables) can be interpreted as a shift from intensively 
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Table 7.14. Nonassemblage variables for ceramic sites. 

Site Ceramic Lithic 

Distribu Distribu Distribi 
Area Density tion Density tion Density tion 

Group la 

2055 .98 7.97 .21 7.00 1.11 4.62 
1975 .45 4.09 .47 4.09 .30 1.68 

577 .30 5.47 .63 5.49 .25 .85 
2306 .29 1.40 .50 1.63 .38 .98 

Group lb 

3339 .60 12.32 .49 5.36 .61 9.55 
1203 .42 14.47 .83 10.05 .39 6.48 
1735 .82 9.05 .97 7.68 .50 4.01 
1257 .92 23.55 1.00 22.22 .44 4.15 

Group 2a 

16 1.50 .29 .63 .53 1.00 .36 
180 1.25 1.97 .44 3.34 .25 1.58 
798 .31 .89 .47 .81 .39 .87 

1081 .30 .70 .21 .63 .55 1.00 
336 .63 .53 .50 1.28 .25 .84 
194 1.25 1.82 .75 .80 1.00 2.51 
322 .55 3.59 .45 4.87 .20 1.00 
586 .63 1.73 .25 4.06 .69 .68 

Group 2b 

1707 .88 4.77 .57 4,74 .50 2.23 
725 .50 3.88 .63 4.36 .25 .85 

1660 .78 2.28 .60 2.26 .72 1.38 
1488 .69 2.89 .66 2.71 .49 1.42 
945 .50 8.18 .68 9.22 .21 1.88 
789 1.00 13.52 .72 15.24 .48 4.43 
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Table 7.15. Standardized discriminant function coefficients for first 
discriminant function (site, ceramic, and lithic non-
assemblage variables). 

Variable Coefficient 

Site area -1.57a 

Density of debris .28 

Distribution of debris -2.95a 

Density of sherds -1.50a 

Distribution of sherds 1.42a 

Density of lithics .14 

Distribution of lithics -.16 

important discriminating variable. 
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7.16. Occupational history of ceramic sites (from Chapter 6). 

Group la 

Single, intensive occupational episode (long DSU) 
Multiple, nonintensive occupational episodes (moderate DSU) 
Single, nonintensive occupational episode (short DSU) 
Multiple, nonintensive occupational episodes (long DSU) 

Group lb 

Multiple occupational episodes of varying intensity (very 

long DSU) 
Multiple, intensive occupational episodes (moderate/long DSU) 
Multiple, intensive occupational episodes (long DSU) 
Single, intensive occupational episode (moderate/long DSU) 

Group 2a 

Single, intensive occupational episode (very short DSU) 
Single, intensive occupational episode (short DSU) 
Single, nonintensive occupational episode (short DSU) 
Multiple, nonintensive occupational episodes (moderate DSU) 
Single, nonintensive occupational episode (short DSU) 
Single, intensive occupational episode (short DSU) 
Single, intensive occupational episode (short DSU) 
Single, intensive occupational episode (short DSU) 

Group 2b 

Single, nonintensive occupational episode (moderate DSU) 
Single, nonintensive occupational episode (short/moderate DSU) 
Multiple, nonintensive occupational episodes (moderate DSU) 
Multiple, nonintensive occupational episodes (moderate DSU) 
Multiple, nonintensive occupational episodes (moderate DSU) 
Single, intensive occupational episode (short/moderate DSU) 
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Group la 
(Middle Pueblo II) 

Group 2b 
(Middle to Late 

Pueblo II) 

Group lb 
(Early to Middle 
Pueblo II) 

Group 2a 
(Late Pueblo II to 

Early Pueblo III) 

Figure 7.8. Graphic Representation of the Results of Discriminant 
Analysis Based on Nonasserablage Data 
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occupied settlements with continuous or multiple occupational episodes, 

occupied for relatively long periods of time (Group lb), to settlements 

of a single, relatively short occupational episode occupied at varying 

intensity (Group 2a). Groups la and 2b consist of settlements occupied 

during the time when the shift from settlements occupied for moderately 

long periods of time to settlements occupied for relatively short periods 

of time occurred. It also appears that there was a change from settle

ments where a variety of activities was performed to settlements where 

only a small or much attenuated set of activities was performed, re

flecting perhaps a change in land use strategies in the Pitiful Flats 

area. In summary, it can be concluded that the middle Pueblo II period 

was one of adjustment for groups living on Pitiful Flats. 

Intra-Group Variation: Method and Interpretation 

Within each group it would be useful to discuss how each site is 

related to the other sites. Following the procedure used in Chapter 6, 

a principal components analysis (PCA) was performed on various variable 

sets (see below) for each of the four groups of ceramic sites. It 

should be emphasized that PCA is being used as a form of "internal 

[that is, within-group] discriminant analysis" (Harris 1975:158). By 

arranging sites according to their first principal component scores, a 

relative indication of site similarity is achieved for the variables 

used in the analysis. As noted in Chapter 6, first principal component 

scores are used because the first principal component is the best linear 

combination of variables (Kim 1975, Harris 1975, Doran and Hodson 1975). 
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PCA was performed on two major variable classes for each group: 

(1) total ceramic variability and (2) site nonassemblage variability. 

First principal component scores were determined for the total sherd 

frequency, total sherd weight, and total estimated MNV (see Table 7.1) 

of each site within a group. Similarly, first principal component 

scores were determined for site area, density of occupational debris, 

and distribution of occupational debris of each site within a group 

(see Table 7.14). 

The following discussions ars organized around the four major 

groups of ceramic sites. The groups are ordered and discussed in terms 

of their temporal placement to one another from earliest to latest: 

Group lb, Groups la and 2b, and Group 2a. Further, in discussing the 

variability of each group, there would seem to be little point in 

developing individual site interpretations anew. There are only a few 

instances where ceramic data and analyses contradict or suggest modifi

cations of the inferences concerning occupational history developed in 

Chapter 6. In addition, in drawing intra-group contrasts, an attempt 

is made to infer and explain the factors responsible for the inter-site 

differences. 

Group lb: Inter-Site Variation 
and Interpretation 

The first principal component scores (Table 7.17) for the two 

variable sets have been plotted and are displayed in Figure 7.9. It is 

readily apparent that the positions of the four sites along each first 

principal component are identical and that the distances between them 

vary only with respect to Sites 17 and 25. Sites 10 and 27 occupy 



297 

Table 7.17. First principal component scores for total assemblage 
variability and site nonassemblage variability — Number 
in parentheses is the amount of variance accounted for by 
first principal component. 

Site Total ceramic variability Site nonassemblage variability 

Group la 

(90.0%) (60.0%) 
2 -.33 1.39 
5 1.46 -.22 
22 -.81 -.16 
31 -.33 -1.00 

Group lb 

(70.4%) (55.3%) 
10 -1.01 -.99 
17 -.52 -.22 
25 .24 -.18 
27 1.29 1.39 

Group 2a 

(64.6%) (62.4%) 
3 -.68 1.44 

14 .12 .86 
16 .44 -1.05 
21 -.91 -1.46 
23 -.64 -.02 
24 -.61 .85 
26 2.17 -.20 
28 .11 -.42 

Group 2b 

(80.5%) (54.1%) 
11 1.06 .82 
12 -1.30 -.45 
15 -1.02 1.04 
18 .29 .72 
19 -.04 -.69 
30 1.02 -1.43 
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extreme positions on both principal components, while Sites 17 and 25 

occupy intermediate positions and are very close to one another with 

respect to site nonassemblage variability. 

Because of the nearly identical site orderings between the two 

principal components, the interpretation of the factors responsible for 

the similarity must necessarily be the same also. At the outset it is 

possible to rule out two factors. The site order and similarity of the 

order are not due to time because Site 10 was probably the earliest 

occupied settlement and Site 17 was probably the latest; Sites 25 and 27 

are intermediate in age and commencement of occupation. Further, 

functional variation does not seem to be a factor since all settlements 

were apparently locations of stone tool manufacture (see Chapter 6). 

It would seem that the similarities and differences between 

Group lb sites can be explained by invoking occupational variability as 

an important factor. The variation in total ceramic variability and 

site nonassemblage variability reflects a direct and increasing relation 

between intensity and occupational continuity. That is, Site 10 appears 

to have been formed as a result of several occupational episodes of low 

to moderate intensity, while at the other end of the continuum, Site 27 

is the result of a single, long, and relatively intense occupational 

episode. Site 17 probably represents the remains of a settlement that 

was characterized by a single occupational episode of moderate intensity 

or two occupational episodes of short duration and moderate intensity. 

It is difficult to draw a definitive conclusion because the data are 

somewhat ambiguous, but since Site 17 possesses the least straight

forward evidence for stone tool manufacture, the latter interpretation 
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seems more justifiable. Site 25, then, would mark the transition from 

multiple to single occupational episodes of moderate intensity to 

single occupational episodes of long duration and moderate to high 

intensity (Sites 25 and 27). 

If the above conclusions are not completely misplaced, the 

occupational history of only one site requires revision. Instead of 

being the result of multiple intensive occupational episodes, Site 25 

appears to have been formed as the consequence of a single, somewhat 

lengthy occupational episode of moderate to high intensity. All other 

original site interpretations regarding occupational history presented 

in Chapter 6 remain intact. 

Group la: Inter-Site Variation 
and Interpretation 

The first principal component scores for Group la sites for the 

two variable sets are plotted in Figure 7.10. Inspection of Figure 

7.10 reveals there is little correspondence in site ordering for total 

ceramic variability or site nonassemblage variability. 

With respect to total ceramic variability, Site 5 is clearly 

different from all other Group la sites. Sites 2 and 31 are inter

mediate along the first principal component and occupy identical posi

tions along it, while Site 22 ranks lowest. It can be concluded that 

this ordering is also an ordering of relative occupation span, that is, 

the DSU of 5 > 2 and 31 > 22. 

However, an examination of the plot of first principal compo

nent scores for site nonassemblage variability (Figure 7.10) reveals 

that Sites 2 and 31 are completely opposite from one another, that is, 
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they could not be more different from one another, while Sites 5 and 22 

are now quite close (whereas they were farthest apart in terms of total 

ceramic variability). At a general level, the ordering of sites on the 

basis of site nonassemblage variability can be viewed as a relative 

gradient of intensity of occupation. Site 2, then, was characterized by 

an intensive occupation, Site 31 by nonintensive or low occupational 

intensity, and Sites 5 and 22 by moderate intensity. 

The following summary site interpretations emerge if all of 

these conclusions and suppositions are combined. The occupational 

history of Site 22 consisted of a single occupational episode of short 

duration and moderate intensity. Site 22 may have been a special- or 

limited-activity settlement, given the small percentage of the site 

collection represented by lithic artifacts (12.9%). The occupational 

history of Site 31 consisted of several occupational episodes of 

moderate to long duration, each of which was nonintensive in nature. 

Site 5, on the other hand, appears to have been continuously occupied 

at moderate intensity. And finally, Site 2 represents the remains of a 

settlement that was continuously occupied at relatively high intensity. 

It is clear that the original conclusions regarding the occupa

tional histories of the Group la sites, presented in Chapter 6, require 

modification. Specifically, the interpretations of Sites 5 and 22 

require revision, while those of Sites 2 and 31 remain unchanged. Site 

5 was originally interpreted as having an occupational history con

sisting of multiple, nonintensive occupational episodes, and Site 22 as 

having a single, nonintensive occupational episode. With the informa

tion derived from the ceramic analysis, these earlier interpretations 
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should be changed as follows. Site 5 was characterized by a single 

occupational episode of relatively long duration and moderate intensity. 

Site 22 was characterized by a single occupational episode of moderate 

intensity and relatively short duration. 

As a final comment, it should be stressed that although two site 

interpretations were modified, the intergroup comparisons discussed 

above, based on the results of the various discriminant analyses, still 

apply. That is, Group lb sites were occupied longer and more inten

sively, as a group, than were Group la sites. 

Group 2b: Inter-Site Variation 
and Interpretation 

The interpretation of the principal component analyses for total 

ceramic variability and for site nonassemblage variability for Group 2b 

sites presents a more formidable challenge than was encountered in 

interpreting either Group lb or Group la. And the reason is that 

several robust patterns can be found in data sets that at first glance 

contradict one another. 

For example, Figure 7.11 shows three "clusters" on the first 

principal component for total ceramic variability: Cluster 1 = Sites 12 

and 15; Cluster 2 = Sites 19 and 18; and Cluster 3 = Sites 30 and 11. 

In order to interpret the meaning of these clusters, some additional 

data must be presented. Table 7.18 gives the percentage of lithic 

artifacts in the site collection, site area, and density of occupational 

debris. Note that for Clusters 1 and 2, a complementary pattern 

of these variables and evidence for stone tool manufacture can 
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Table 7.18. Values of area, density, and per cent lithics for Group 2b 

sites by "cluster." 

Site Area Density Per cent lithics 

Cluster 1 

12 725 .50 16.3 
15a 1660 .78 49.3 

Cluster 2 

18a 1448 .69 39.6 
19 945 .50 14.2 

Cluster 3 

30a 789 1.00 37.3 
lla 1707 .88 43.7 

£1 
Evidence for stone tool manufacture. 
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be isolated. That is, the larger sites, which have higher percentages 

of lithic artifacts and higher densities of occupational debris, were 

also locations of stone tool manufacture. Sites 30 and 11 (Cluster 3), 

even though they exhibit the pattern with respect to area, depart from 

the complementary pattern because they both have high densities of 

occupational debris, relatively high percentages of lithic artifacts, 

and exhibit evidence for stone tool manufacture. When the dimension of 

time is included in the analysis, the most parsimonious explanation for 

these data is that the clusters represent shifts in intensity over time. 

The design styles associated with Sites 30 and 11 are Red Mesa and Sosi; 

those associated with Sites 18 and 19 are Sosi and Puerco styles; and 

that associated with Sites 12 and 15 is Walnut style. The temporal 

relations among the clusters can be illustrated as follows: 

Cluster 3 Cluster 2 Cluster 1 

Beginning Middle Pueblo II »- Late Pueblo II 

High Intensity — Low Intensity 

However, when site orderings produced by the first principal 

component scores for site nonassemblage variability are examined, 

another quite different pattern emerges (Figure 7.11). Three clusters 

can again be identified, but site membership has changed completely. 

Site 30 is now an isolated cluster, Sites 19 and 12 form a new cluster, 

and Sites 18, 11, and 15 form a new cluster. It is interesting to note 

that sites with evidence for stone tool manufacture (Sites 30, 18, 11, 

and 15) are separated from the two sites (Sites 19 and 12) which 



4 

307 

apparently were not locations of stone tool manufacture. The inter

pretation which best fits these data is that sites are being ordered on 

a continuum of DSU, with Site 30 having the shortest DSU, Sites 19 and 

12 having moderate DSU, and Sites 18, 11, and 15 having the longest DSU. 

By and large, then, the temporal trend of decreasing intensity cannot be 

preserved when sites are arranged according to nonassemblage variables. 

Apparently, total ceramic variability and site nonassemblage variability 

are independent. 

Because of the inclusion of new data, several of the original 

interpretations regarding the occupational histories of Group 2b sites 

are in need of revision. Site 11 was originally inferred to have had an 

occupational history consisting of a single nonintensive occupational 

episode. It now appears that while a single occupational episode is a 

sustained conclusion, Site 11 was characterized by a relatively inten

sive occupation of relatively long duration. The occupational history 

of Site 12 was originally interpreted as consisting of a single, non-

intensive occupational episode. On the basis of present data, there 

appears to be no reason to modify this conclusion but add only that the 

duration of occupation was comparatively short. 

It was concluded originally that Site 15 had been formed as the 

result of multiple nonintensive occupational episodes. While the in

tensity inference is probably correct, Site 15 now appears to have been 

occupied only once and for a comparatively long time (similar to Site 

11). Along the same lines, Site 18 was originally thought to be charac

terized by multiple, nonintensive occupational episodes. However, this 

interpretation requires somewhat substantial revision as it now appears 



308 

that the occupational history of Site 18 consisted of a single, 

moderately intensive, and comparatively long occupational episode 

(similar to Sites 11 and 15). Site 19 was occupied on several occasions, 

each occupational episode being of low to moderate intensity. 

Finally, the original interpretation of Site 30 as being the 

remains of a settlement occupied only once at high intensity still 

applies in view of additional data. It should be added, however, that 

the single occupational episode was of relatively short duration. 

The overall impression that is derived from these analyses is 

that during middle to late Pueblo II times on Pitiful Flats, although 

settlements were occupied only once, the nature of the activities con

ducted during the occupation and the duration and intensity of the 

occupational episode were rather varied. However, in comparison to 

Groups lb and la, Group 2b settlements were more homogeneous with 

respect to occupational continuity (that is, they all were characterized 

by single occupational episodes) but were certainly occupied for less 

time and at less intensity than Group lb sites. As is discussed in 

greater detail at the end of this chapter, the major differences between 

Group la and Group 2b sites appear to lie in the nature of ceramic 

assemblage variability and occupational variability. 

Group 2a: Inter-Site Variation 
and Interpretation 

Group 2a proved to be a most intractable set of ceramic sites. 

Inspection of Figure 7.12 reveals little relation between first prin

cipal component scores for total ceramic variability and site non-

assemblage variability. Further, and in distinction to the other 
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ceramic groups, there are no robust patterns in other data sets. Again, 

if the following interpretations appear strained it is because subtle 

variations and what appear to be chance associations in the data are 

being emphasized. 

A total of three "clusters" can be isolated on the first prin

cipal component for total ceramic variability: Cluster 1 = Sites 21, 3, 

23, and 24; Cluster 2 = Sites 28, 14, and 16; and Cluster 3 » Site 28. 

A consideration of the presence of temporally diagnostic sherds (Appendix 

D) does not permit the conclusion that the ordering of these clusters 

is due to temporal factors. In Cluster 1, redwares, black-on-red, and 

whiteware sherds were recovered from Site 3; Site 21 yielded whitewares 

and only a single redware sherd, while Sites 23 and 24 yielded only 

whitewares. For Cluster 2, Site 14 has a high percentage of polychromes 

(4-Mile), some whitewares, and no redwares; while Site 28 has a low per

centage of redwares and no polychromes, and Site 16 yielded only white-

wares. Site 26, the only member of Cluster 3, consists essentially of 

the remains of one large Pinedale Black-on-white jar (a single brownware 

sherd was also recovered). If Site 26 is viewed as the late end of the 

temporal continuum for late Pueblo II to early Pueblo III times, 

Cluster 1 might be considered "early" and Cluster 2 "intermediate" for 

this time period. But the presence of sites containing only whitewares 

in Cluster 2 (Site 16) tends to weaken the temporal argument sub

stantially. 

Intensity of occupation or DSU can be ruled out as factors also 

because the same range of values for site area, density of occupational 
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debris, and distribution of occupational debris can be found within each 

cluster (see Table 7.19). 

The data presented in Table 7.20 represent an interpretive 

possibility for the ordering of the Group 2a clusters. It can be seen 

that Cluster 1 has the highest mean percentage of artifacts exhibiting 

edge damage (%ED) and the highest mean percentage of lithic artifacts in 

total site collections (%L). Clusters 2 and 3 have successively smaller 

mean values for these variables. The most plausible interpretation for 

the ordering of sites along the first principal component for total 

ceramic variability is a shift from settlements characterized by a 

somewhat wide range of activities to settlements where only a small or 

limited set of activities was performed. 

When attention is shifted to the ordering of sites on the first 

principal component for nonassemblage variability, it can be seen 

(Figure 7,12) that a completely different picture of site relationships 

is portrayed. Not only is it possible to identify four "clusters" but 

more importantly the membership of sites within a cluster has changed 

completely. Cluster 1 consists of Sites 21 and 16 (which formerly 

belonged to different clusters); Cluster 2 consists of Sites 28, 26, and 

23 (which formerly belonged to three different clusters); Cluster 3 

consists of Sites 14 and 24 (which formerly belonged to separate 

clusters); and Cluster 4 consists of Site 3. The ordering of these sites 

and clusters is certainly not a function of time, as decorated sherds 

(whitewares, redwares, and polychromes) are mixed within each cluster 

(see Appendix D); there is also no clearcut trend in %ED or %L (Table 

7.21). 
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Table 7.19. Values of site nonassemblage variables for Group 2 sites 
arranged by "clusters" defined on basis of first principal 
component scores for total ceramic assemblage variability. 

Site Area Density Distribution 

"Cluster" 1 

3 16' 1.50 .29 
21 1081 .30 .70 
23 336 .63 .53 
24 194 1.25 1.82 

"Cluster" 2 

14 180 1.25 1.97 
16 798 .31 .89 
28 586 .63 1.73 

"Cluster" 3 

26 332 .55 3.59 
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Table 7.20. Values of percentages of artifacts exhibiting edge damage 
(%ED) and percentage of lithic artifacts in site collection 
(%L) for Group 2a ceramic sites by "cluster" (total ceramic 

variability). 

Site %ED %L 

"Cluster" 1 

3 66.7 60.9 
21a 35.9 84.0 
23 100.0 30.8 
24 55.6 62.1 

Mean (X) 64.6 59.5 

"Cluster" 2 

14 11.1 46.5 
16 62.5 44.6 
28a 

(X) 
85.7 61.9 

Mean (X) 53.1 37.7 

"Cluster" 3 

26 28.6 11.9 
Mean (X) 28.6 11.9 

Evidence for stone tool manufacture. 
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Table 7.21. Values of percentage of artifacts exhibiting edge damage 
(%ED) and percentage of lithic artifacts in site collection 
(%L) for Group 2a ceramic sites by "cluster" (nonassemblage 
variability). 

Site %ED %L 

"Cluster" 1 

21 35.9 84.0 
16 62.5 44.6 

"Cluster" 2 

28 85.7 61.9 
26 28.6 11.9 
23 100.0 30.8 

"Cluster" 3 

14 11.1 46.5 
24 55.6 62.1 

"Cluster" 4 

3 66.7 60.9 
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Examination of the data in Table 7.22 reveals somewhat of a 

trend in nonassemblage variability. There is a decrease in site size 

that, in general, coincides with an increase in density and/or distribu

tion of occupational debris. The interpretation that best fits these 

facts is that there is an inverse relation between DSU and intensity. 

Unfortunately, as noted above, this trend is not associated with time 

or settlement function. 

Table 7.22. Values of site nonassemblage variables for Group 2a 
ceramic sites -• - Sites are arranged in order of increasing 
first principal component scores. 

Site Area Density Distribution 

21 1081 .30 .70 
16 798 .31 .89 
28 586 .63 1.73 
26 332 .55 3.59 
23 336 .63 .53 
24 194 1.25 1.82 
14 180 1.25 1.97 
3 16 1.50 .29 

Several of the original conclusions developed in Chapter 6 

regarding the occupational variability of Group 2a sites require modi

fication in light of the results of the ceramic analysis. All Group 2a 

sites, with the exception of Site 21, are inferred to have been occupied 

only once. But there does appear to be considerable variation in the 

intensity and duration of these single occupations as well as in settle

ment function, which is the focus of the following discussions. 
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Sites 3 and 14 had similar occupational histories since the 

duration of the occupational episode was comparatively short though of 

moderate to high intensity. 

Sites 16 and 21 contrast with Sites 3 and 14 in that the former 

appear to have been occupied for short to moderately long periods of 

time at rather low intensity. 

Site 23 is the remains of a settlement nonintensively occupied 

for a short period of time. Site 24 appears to have been intensively 

occupied for a comparatively short period of time. 

Both Sites 26 and 28 were originally inferred to have been 

intensively occupied. As a result of the above analyses, these conclu

sions should be amended as follows. Site 26 was probably occupied at 

moderate intensity for a short period and Site 28 was occupied non

intensively for a short to moderate period of time. 

By way of general conclusions, little can be said about the 

nature of intersite variation of Group 2a sites except that very un

systematic relations obtain between settlement function, time of settle

ment occupation, and occupational variability. The major reason for 

this is that by late Pueblo II to early Pueblo III times in the 

Grasshopper area, most of the activities that had previously taken 

place on Pitiful Flats had been shifted to alternate locations within 

the region (cf. Tuggle 1970) as the use of pueblo architecture became 

popular. This is clearly the case with respect to on-site stone tool 

manufacture v:hich occurred apparently at only two of the eight Group 2a 

sites (Sites 21 and 28). In general, then, it seems that the nature of 

the activities conducted at these settlements was quite different when 
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viewed on an intersite basis. With the cessation of the use of non-

masonry settlements during this period, it appears as though the 

Pitiful Flats area was relegated to sporadic occupation by small groups 

executing a diverse set of tasks at different locations for short 

periods of time. 

Summary 

A variety of analyses have demonstrated that the three typolo

gies constructed at the beginning of this chapter measure, in a meaning

ful and interpretable fashion, ceramic variability of the Pitiful Flats 

ceramic sites. Further, the variables designed to monitor variability 

between categories and sites also proved relevant for subdividing the 

ceramic sites into four groups that, on the basis of subsequent analyses, 

turned out to be temporally, functionally, and occupationally distinct. 

Specifically, it was shown by discriminant analysis that the four groups 

of ceramic sites could be partitioned into three major periods of 

occupation: Group lb =•= late Pueblo I-early Pueblo II to middle Pueblo 

II; Groups la and 2b = middle Pueblo II to late Pueblo II; and Group 

2a = late Pueblo II to early Pueblo III. Additional discriminant 

analysis performed on brownware percentage variation and site and 

material class nonassemblage variability reinforced the group distinc

tions and provided additional evidence for supporting the conclusion 

that functional and occupational differences exist between the four 

groups. Group lb sites were occupied longer and more intensively than 

any other group of ceramic sites, while Group 2a sites had the shortest 

duration of occupation. These two groups were clearly different from 
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Group la and Group 2b and from each other. While Groups la and 2b do 

not differ temporally, they definitely differ in terms of occupational 

variability and perhaps in function, with Group 2b generally having a 

wider set of activities performed at any settlement. Although no 

differences in site nonassemblage variability, total sherd weight, and 

total MNV exist between the two groups, Group 2b has a significantly 

greater number of sherds and a higher density of ceramics than Group la 

(see Table 7.23). These data can be interpreted as evidence for the 

conclusion that during middle to late Pueblo II times on Pitiful Flats, 

there was a decrease in occupational variability. That is, not only 

were settlements occupied generally only a single time but variation in 

DSU decreased. In fact, if individual site interpretations are 

considered, it appears that Group la sites might be slightly earlier 

than Group 2b sites as Group la sites exhibit settlement variation that 

is more similar to Group lb while the settlement variability of Group 2b 

is more similar to Group 2a. Along these lines it is interesting to 

recall that Groups la and lb exhibited significant weight differences 

between coarse-grained brownwares, fine-grained brownwares, and white-

wares while Groups 2a and 2b did not. The explanation for the differ

ence in the outcome of the Kruskal-Wallis tests would appear to be a re

sult of shifts in function and occupational variability through time. 

When the results of the analyses conducted in Chapters 6 and 7 

are combined, rather strong evidence can be marshalled for the proposi

tion that a shift in settlement technology and occupational variability 

occurred on Pitiful Flats. Over time, there was a tendency for settle

ments to be occupied only once, for the DSU and DOE to decrease, while 
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Table 7.23. Test for significant differences in total sherd frequency 
and density of ceramic material between Group la and 
Group 2b. 

Group la Group 2b 2-Tailed 
mean rank mean rank U probability 

Total sherd frequency 

3.0 7.2 2.0 .033 

Density of ceramic material 

3.1 7.1 2.5 .042 

intensity of occupation remained somewhat variable. Concomitant with 

these changes was a trend for the range of activities conducted at a 

settlement to decrease. The implications of these findings for 

evaluating models, of regional prehistory in the Grasshopper area are 

discussed in Chapter 8. 



CHAPTER 8 

SUMMARY AND CONCLUSIONS 

Introduction 

This final chapter is organized around three topics. First, a 

brief summary of the methodological implications and analytical results 

of this study is presented. Second, a series of conclusions regarding 

settlement pattern variability in the Grasshopper area prior to late 

Pueblo III times are advanced. And finally, some final remarks are 

presented on regional prehistory in the Grasshopper area and the current 

status of Mogollon archaeology. 

Methodological Implications: 
Surface Archaeology 

An appreciation for the interpretive potential of surface re

mains in general has been expanded. The surface remains of archaeo

logical sites represent a significant body of information concerning 

past occupational processes and settlement function. This was demon

strated using a variety of data sets despite the fact that the surfaces 

of the Pitiful Flats sites had been disturbed by a variety of factors 

(animals, bulldozers, etc.). These factors did not obscure apparently 

the underlying patterns of variation between site types (Chapter 5) and 

between sites within site types (Chapters 6 and 7). 

There is, then, no £ priori reason to reject sites or certain 

areas within a region from archaeological investigation because the 

320 
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sites or areas have been subjected to some form of post-depositional 

modification. The conclusion of adverse impact should be empirically 

determined, not tacitly assumed. The argument turns on the question of 

whether post-depositional processes have affected a site in such a way 

that we would arrive at a totally incorrect conclusion of what happened 

at the site. Current experiments (Debloois et al. n.d., Gallagher 

1978) have failed to address this issue. However, Fuchs, Kaufman, and 

Ronen (1977) have shown, using non-experimental data, that the effects 

of various processes on the artifact distributions of exposed "dis

turbed" archaeological sites have been generally exaggerated. The 

Pitiful Flats data support their conclusions. 

Methodological Implications: Recovery 
Context Variability 

One of the findings of the statistical analysis of the recovery 

context variability (Chapters 3 and 4) is confirmation of the non-normal 

distributional properties of surface material (as measured by the 

frequency distribution of recovery-unit yields). A major implication 

of this finding is that the use of probability-based sampling theory is 

probably misplaced as a method of obtaining "representative" collections 

of occupational debris. The use of non-probability sampling strategies, 

combining features of randomization, systematization, and judgment (cf., 

Asch 1975:172, Thomas 1978:236), provides a workable collection of 

material to describe and compare variation in the surface properties of 

archaeological sites. There is no way to test for accuracy or relia

bility in a statistical sense (see Cowgill 1975), although these aspects 

of probability sampling have not been used extensively by archaeologists 
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anyway. Pollard (1977:249 ff.) describes some estimation methods for 

non-normal data which appear to be applicable to the general nature of 

archaeological surface data. In my opinion, some completely uncon

trollable factors must intervene in order for a systematic non-

probabilistic sampling strategy not to provide useful and interpretable 

information about surface characteristics. 

A profitable distinction has been made between assemblage and 

nonassemblage variability and was used throughout this study. It was 

determined empirically that strong inductive conclusions concerning site 

type and site differences in occupation span and intensity can be 

supported with nonassemblage data. Nonassemblage variability is de

tectable and can be described at the site level using variables such as 

site area, median density of occupational debris, and distribution of 

occupational debris (measured by the Coefficient of Dispersion). Within 

material classes, the density and distribution of artifacts (ceramics or 

lithics for example) provide useful data especially when compared with 

the site values of density and distribution. 

Unfortunately, there is still much uncertainty regarding the 

factors responsible for variation in nonassemblage variables. An 

understanding of the functional and occupational factors which affect 

differences in site area and density and distribution of occupational 

debris at both the site and material class levels is a major research 

challenge for ethnoarchaeologists. While ethnoarchaeologists have pro

duced data and conclusions on the factors influencing assemblage varia

bility (Gould 1978a, 1978b; Hayden 1979) and hunter-gatherer settlement 

pattern variation (Yellen 1977; Binford 1978, 1980; see also 
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Stanislawski 1973), they have completely ignored the study of how site 

surface characteristics emerge. Possible exceptions to this generaliza

tion are D. Gifford (1978), Gifford and Behrensmeyer (1977), and Yellen 

(1977) although the applicability of their conclusions is rather 

limited. Frankly, it is quite unclear how conclusions regarding the 

factors influencing the assemblage variability and settlement patterns 

of hunter-gatherers living in "preserves" (Yellen 1977) or who use 

twentieth century tools (Binford 1978) can be analogically extended to 

the interpretation of prehistoric Formative settlements, such as those 

represented by the Pitiful Flats sites. 

Methodological Implications: 
Assemblage Variability 

Prior to the statistical analysis of the lithic assemblages and 

ceramic assemblages, extensive discussion of typology construction was 

necessary given the nature of the Pitiful Flats collections and the lack 

of systematic typology development in the Southwest, especially with 

regard to lithic debitage and debris. It was found that the isolation 

of relevant dimensions of variability and attributes and their arrange

ment in a hierarchical taxonomic structure provided the basis for 

describing useful units of analysis (see Chapters 5 and 7). The units 

used in the analysis of the debitage and debris from the lithic 

assemblages (Product Groups 1 through 8) facilitated the statistical 

description and the interpretation of site type and site differences in 

stone tool manufacture and flake production. In addition, the median 

weight of specimens belonging to various Product Groups proved to be 

most useful in providing additional evidence for technological variation 
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between and within site types. Henderson and Rodgers (1979:155) have 

concluded that traditional metric measurements such as flake length, 

width, and thickness often do not provide readily interpretable in

formation on technical variation. The reason is that most post-

Archaic Southwestern lithic assemblages represent an "opportunistic" 

technology. This reduces considerably the sample of artifacts on 

which meaningful metric measurements can be taken. Thus, given the 

nature of Southwestern lithic assemblages in general, we are by default 

forced to rely on weight data as the primary source of evidence for 

inferring technology from debitage and debris. 

As was argued in Chapter 7, the construction of typologies for 

the analysis of the Pitiful Flats ceramic assemblages was made somewhat 

easier than was the case for the design of the lithic typology since 

more is known about the meaning of the attributes used to traditionally 

describe variation in Southwestern ceramic assemblages. The addition of 

a taxonomic framework to the general Southwestern ceramic typological 

system facilitated the construction of the three typologies used in 

this study. 

The whiteware taxonomy produced a typology of design styles that 

was useful in placing the Pitiful Flats sites in major periods of 

occupation between late Pueblo I and early Pueblo III times. It is 

interesting to note that the dimensions of variability and the attri

butes used in producing the taxonomy have been found by two independent 

studies (Hantmann and Lightfoot 1978, Deutchmann 1977) to be important 

in distinguishing between whitewares. 



325 

The two brownware typologies were useful in temporally dis

criminating between groups of sites that eventually proved to have quite 

different functions and occupational histories (Chapter 7). However, it 

is still unknown whether the Pitiful Flats ceramic assemblages represent 

an undescribed series within the Mogollon Brownware tradition, an un-

described series within the Alameda Brownware tradition, or a completely 

local ceramic phenomenon unrelated to either brownware tradition. 

Analytical Results; Summary 

The application of the various typologies and their attendant 

measures to the different assemblages resulted in the creation of data 

sets that enabled the statistical description and discrimination of 

functional, technological, and occupational differences between site 

types. For example, it was found that lithic sites and ceramic sites 

are essentially mutually exclusive with respect to lithic technology 

(lithic sites are almost exclusively the locations of stone tool manu

facture; ceramic sites are more varied, frequently being the locations 

of both stone and tool manufacture and flake production) and patterns of 

utilization of the debitage and debris (ceramic sites exhibit evidence 

of consistently higher frequency of usage of the debitage and debris). 

Further, lithic sites appear to have been formed quickly (the DOE of 

lithic sites is relatively short compared to ceramic sites) on an 

episodic basis, and each occupational episode was characterized by 

relatively high intensity (compared to the intensity of occupation of 

ceramic sites). It appears that at the site-type level, lithic sites 

represent the remains of locations where a restricted set of activities 
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was conducted, while ceramic sites were settlements that had a larger set 

of activities performed within their boundaries. 

However, the gross inferences about behavior differences between 

site types require qualification when intra-site-type variation is 

examined. For example, certain lithic sites represent the remains of 

activities that went beyond stone tool manufacture. Although techno

logical variation between lithic sites is minimal, patterns of debitage 

and debris utilization vary considerably, suggesting that a wider range 

of activities involving lithic artifacts was performed at some of these 

settlements. It is unknown what additional activities occurred at the 

lithic settlements. However, and this is purely speculative at present, 

some lithic sites (1, h, 7, 13, 33) probably functioned as camps where 

the inhabitants processed animal carcasses and/or plant materials (cf., 

Isaac 1976:46; see also Tainter 1979) in addition to lithic raw 

materials. Thus, lithic settlement variability, which can be considered 

a combination of functional and occupational variability, is somewhat 

"robust" (Table 8.1) and represents a classic illustration of the con

sequences of the mimicry problem in archaeological interpretation 

(Sullivan and Schiffer 1978). That is, different combinations of 

function and occupational variability were responsible for the formation 

of each lithic site, but from the perspective of recovery context 

variability, the lithic sites belong to a single empirical class of 

sites. Unfortunately, given the lack of temporal control on the period 

of occupation of the lithic sites, it is impossible to even speculate 

on trends in site function or occupational history through time. 
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Table 8.1. Lithic site settlement variability. 

Functional variability 
Occupational variability 

Use of reduction 
by-products Occupational episode 

Type of reduction Rate Selection Number Intensity Duration DSU 
Period of 
Occupation 

rreform High Yes Multiple Very low Short Long Unknown 

Flake High No Single Low/moderate Moderate/long Short Unknown 

Blank Low Yes Multiple Moderate Short Moderate Unknown 

Blank Moderate Yes Multiple Moderate Short/moderate Moderate/long Unknown 

Blank Very low Yes Multiple Very high Short Long Unknown 

Blank Low Yes Multiple Moderate Short Very long Unknown 

rreform Moderate Yes Multiple Low/moderate Short/moderate Moderate Unknown 

Blank Low Yes Multiple Moderate/high Short Long Unknown 

Blank Low Yes Multiple Moderate Short Moderate Unknown 

Blank and Flake Low/moderate Yes Single Low Short Short Unknown 

Blank and Flake Moderate Yes Single Moderate Short Short Unknown 

Preform Very low Yes Single High Short Short Unknown 

U> 
N3 
*vl 
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As a group, the ceramic sites are much more varied than the 

lithic sites (Table 8.2). There is significant variation in lithic 

technology between ceramic sites. All ceramic sites were the locations 

of flake production. Some of these sites (2, 5, 10, 11, 17, 18, 25, 

27, 28, 30, 31) were also the locations of stone tool manufacture. As a 

general rule, however, the presence of stone tool manufacture, as an 

additional aspect of a settlement's lithic technology, appears to vary 

directly with occupation span. Patterns of debitage and debris use are 

also highly variable. This variation is undoubtedly related to the 

nature of activities performed at individual settlements. On a rather 

speculative level, it is suggested that much of the variation in the 

percentage of artifacts exhibiting edge damage (%ED) and the use of 

"heavier" lithic artifacts in activities is a result of the exclusivity 

or dominance of animal vs. plant processing at many of these settlements. 

Finally, the settlement variability inferred for the ceramic 

sites is very robust with respect to function and occupational varia

bility. It was demonstrated that there is a trend in occupational 

variability from settlements occupied intensively for relatively long 

periods of time (decades perhaps) and at times episodically to settle

ments continuously occupied for very short periods of time (a day or 

less) at varying intensity. Also, through time there was a tendency for 

the set of activities conducted at a settlement to decrease. 

Reconstruction of an Extinct Regional 
Settlement System 

The earliest dated occupations on Pitiful Flats (late Pueblo I 

to middle Pueblo II) probably represent the remains of permanently 



Table 8.2. Ceramic site settlement variability. 

Functional variability 
Occupational variability 

Use of reduction 
by-products Occupational episode 

Type of 
Site reduction Rate Selection Number Intensity Duration DSU Period of occupation 

2 Flake and Blank Moderate Yes Single Moderate/high Long Long Middle Pueblo 11 
3 Flake High No Single Moderate/high Very short Very short Early Pueblo III 
5 Flake and Blank nigh No Single8 Moderate Moderate Moderate Middle Pueblo II 
10 Flake and Blank Low/moderate Yes Multiple Variable Variable Very long Late Pueblo I-Early Very long 

Pueblo II 
11 Flake and Blank Moderate Yes Single Moderate/high Moderate/long Moderate Middle Pueblo II 
12 Flake High No Single Low Short/moderate Moderate Late Pueblo II 
14 Flake Very low No Single 

Single3 
Moderate/high Short Short Early Pueblo III 

15 Flake and Blank Moderate No 
Single 
Single3 Low Moderate/long Moderate/long Late Pueblo II 

16 Flake High No Single Low Short/moderate Short/moderate Middle-Late Pueblo II 
17 Flake and Blank Moderate No Multiple Moderate Short Moderate Middle Pueblo II 
18 Flake and Blank Moderate/high Yes Single0 Moderate Moderate Moderate/long Middle Pueblo II 
19 Flake. Very high No Multiple Low/moderate Short/moderate Short/moderate Middle-Late Pueblo II 
21 Flake1 ) Low/moderate No Multiple Low Short/moderate Short/moderate Late Pueblo II 
22 Flake Moderate No Single Low/moderate Short Short Middle Pueblo II 
23 Flake' Very high No Single Very low Very short Short Late Pueblo 11 
21> Flake Moderate/high No Single High Very short Very short Late Pueblo 11 
25 Flake and Blank Moderate/high No Single High Long Moderate/long Early Pueblo II 
26 Flake Low No Single Moderate Short Short Early Pueblo III 
27 Flake and Blank Modern te Yes Single High Moderate/long Long Early Pueblo II 
28 Flake and Blank V e i y  high No Single Low/moderate Short/moderate Short/moderate Late Pueblo II-Early 

Pueblo III 
30 Flake- and Blank Moderate/high Yes Single High Short Short/moderate Middle Pueblo II 
31 Flake and Blank Moderate No Multiple Low Moderate Moderate/long Middle-Late Pueblo II 

aOne or two OEs. 

''Ambiguous technological data; possibly some blank reduction. 

cPossible transport of lithlc material to site. 
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occupied pithouse villages. Sites 10, 17, 25, and 27 were earliest» 

followed in time by the establishment of Sites 2, 5, 11, 30, and 31. 

The later (late Pueblo II to early Pueblo III) sites are probably the 

remains of settlements that were not permanently occupied (Sites 3, 12, 

14, 15, 16, 18, 19, 21, 22, 23, 24, 26, 28). 

These two sets of sites represent two distinct settlement types. 

The villages may be considered home bases and the impermanent or 

"limited-activity" sites are the remains of specialized work camps. In 

addition, these two settlement types are spatially exclusive. A 

"tethered" settlement model accomodates both the villages and work camps 

within a single system because the work camps are always located away 

from the home bases but tethered to them. The home bases are by defini

tion locations of habitation activity (cf., Plog and Hill 1971). They 

may have functioned also to outfit the groups which established the 

work camps away from the home bases (cf., Irwin-Williams 1974:72). This 

suggestion helps to explain why the larger (and earlier) settlements 

are more complex technologically than the smaller (and later) sites, 

and conversely why there is hardly any evidence for toolmaking at the 

small sites. 

The work camps were established "logistically" (Binford 1980) 

in locations to supply the home base with a variety of environmental 

products (cf., Haury 1956, Beardsley et al. 1956:140-141) that could not 

be obtained directly from Pitiful Flats. In this model, groups are 

tethered to a location (the home base) rather than a critical resource 

(Taylor 1964). The function of the work camps is to extend the 
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resource capturing capabilities of the local group (Pilles 1978) without 

having to move the whole group. 

After the beginning of late Pueblo II times there were 

apparently no home bases located on Pitiful Flats. However, this indi

cates only a shift in the location of the tether rather than a change in 

the structure of the settlement system. The small impermanent late 

settlements are likely the remains of work camps associated with groups 

tethered outside Pitiful Flats (cf., Yellen and Harpending 1972:251). 

This is also an indication that permanent occupation of Pitiful Flats 

had ceased since the resources of Pitiful Flats had not been preempted 

by in-place home bases. 

There is another possibility that may account for the occupa

tional history of Pitiful Flats. That is, the structure of the system 

may not be described completely. While the basic notion of a tether 

system is probably sound, it may be that the Pitiful Flats home base 

settlements are not "first-order" settlements but are in fact tethered 

to a higher level home base. Survey in areas surrounding Pitiful Flats 

in the Grasshopper region (Spain n.d., Tuggle 1970) has not produced 

data to contradict the assumption that the Pitiful Flats home bases are 

first-order settlements. The work camps are clearly the lowest-order 

settlements. 

Subsistence Implications of the Tether Model: 
A Hypothesis 

The tether settlement model provides a basis for some specula

tion about regional subsistence patterns. The highly variable work camps 

(Table 8.2) are evidence that groups were collecting a variety of 
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environmental products (for analogical data see Reagan 1928, Buskirk 

1949, Goodwin 1969, Gregory n.d.)• 

In addition, these groups also seem to have been practicing a 

previously unreported form of agricultural plot preparation that 

differs substantially from traditional forms of Southwestern agriculture 

(Bryan 1929, 1941; Hack 1942; Bohrer 1960; Woodbury 1961a). On the 

basis of available data, it is proposed that the primary form of plot 

preparation in the Grasshopper region was a modified form of swidden 

agriculture (cf., Robertson 1978, Wilcox 1978). Agricultural plots were 

simply burned out of the surrounding ponderosa pine forest, but the 

understory, especially the needle bed, was not cleared beforehand, as is 

common in most swidden systems (Harris 1972). This burn-only (as 

opposed to slash and burn) swidden was an effective plot preparation 

strategy because the extensive accumulations of needle litter burn well 

and produce an extremely fertile bed of ash (Miksicek, personal 

communication, 1980). 

Such a strategy overcomes several natural limitations to agri

culture. At the present time all soil types in the Grasshopper region 

are marginal or incapable of supporting agriculture without some form 

of chemical enhancement (Mitchell n.d.). Alluvium and other secondary 

deposits are not extensive west of the Cibecue Valley (Moore 1968:Plate 

2), Also, the compact soils of the region cannot be broken up by tools 

associated with a Neolithic technology (Granfelt, personal communica

tion). The burn-only swidden would overcome these limitations by pro

viding an extensive nutrient-rich seedbed that could be easily manip

ulated by available tools, especially the digging stick. This system 
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is thus a simple non-labor-intensive means of transforming an environ

ment which is marginal for agriculture. 

There is some indirect archaeological evidence for this 

hypothesis. Extensive survey around the main Grasshopper Ruin has 

disclosed the presence of numerous single or double room masonry struc

tures (cf., Gregory 1975, Pilles 1978). Both the frequency and distri

bution of these sites in an agriculturally marginal environment suggest 

that they functioned as field houses located on the periphery of a 

burn plot. 

I suspect that there may be considerable time depth associated 

with the burn-only swidden strategy. Although masonry field houses are 

generally considered to be relatively late (no earlier than early Pueblo 

III; Ward 1978), earlier non-masonry (brush or jacal; see Gregory 1979) 

structures may simply have been missed by non-intensive survey tech

niques in the ponderosa pine forest. The discovery of non-masonry field 

houses in the forest would represent strong evidence for the swidden 

hypothesis. 

A variety of prehistoric agricultural features such as check 

dams, terraces, and "waffle gardens" (Bohrer 1960) have been found in 

many areas of the Southwest (Woodbury 1961b, Chenhall 1972, Vivian 1974). 

Only a few of these features have ever been located in the Grasshopper 

region (Tuggle 1970, Spain n.d.). However, many of these features are 

ambiguous and often yield no evidence to conclude they are man-made 

facilities. If the swidden hypothesis is true, it could explain the 

dearth of these features in the Grasshopper region. The considerable 

labor invested in the establishment and maintenance of agricultural 
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features was completely outweighed by the success of the burn^plot 

strategy which required little labor and essentially no maintenance of 

the plots. 

Prehistoric Ecology. Settlement, and Demography in 
the Grasshopper Region: Implications of the 

Swidden Hypothesis 

If the swidden hypothesis is correct, several facts about the 

prehistory of Pitiful Flats can be explained. First, the movement of 

home bases, which seems to accelerate during late Pueblo II times, may 

be a result of work groups having to travel greater distances to 

establish new burn plots (cf., Cartledge 1977:154-155). The major 

reason why burn plots would have to be established at an increasing rate 

is the substantial decline in productivity associated with swidden plots 

after several harvests. Nutrients in artificial soils created by 

swidden are rapidly depleted, especially by seed crops such as corn 

(Harris 1972:253). 

In fact, the movement necessitated by groups having to establish 

new burn plots may explain not only the movement of home bases but the 

decreasing DSU of these settlements. Not only would home bases have to 

be moved eventually but over time they would have to be moved more 

frequently as suitable swidden areas became both sparser and more 

distant, and perhaps as competition for these areas increased between 

groups (Beardsley et al. 1956:152, S. Plog 1977:166, Pilles 1978:131). 

It has been demonstrated repeatedly that societies using 

swidden systems tend to be demographically stable below the carrying 

capacity of the environment (Taylor 1964). Further, such societies 
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rarely achieve levels of complexity or integration beyond that asso

ciated with the segmentary tribe (Harris 1972; see also Irwin-Williams 

1974). 

Given these conditions, the Grasshopper region, prior to late 

Pueblo III times at least, was not heavily populated; local groups were 

organized at a tribal level of complexity; and the region in general 

trailed developments in other areas of the Southwest (Roberts 1937, 

Haury 1974:18). However, beginning in early Pueblo III times, masonry 

architecture was quickly adopted (Tuggle 1970) and large settlements 

were constructed at a rapid rate (Reid 1973). Pueblo III times may have 

been a period of rapid cultural change in the Grasshopper region as new 

strategies were developed to handle two conflicting regional processes: 

(1) diminishing returns from the swidden system and (2) increasing 

migration into the region (Longacre 1976). 

Testing the Tether Model and the Swidden Hypothesis 

As mentioned earlier, there is a possibility that not all levels 

of the regional settlement system have been discovered. The assumption 

that the large early Pitiful Flats settlements are permanent "first-

order" home bases can be checked by intensive survey in surrounding 

areas. Also, it is unclear whether during any period of occupation all 

home bases were contemporaneous. This problem can be solved only 

through the recovery of datable materials by excavation. However, the 

structure of the basic tether model can be confirmed if small Pueblo II 

sites can be located in areas surrounding Pitiful Flats. If no such 

sites can be found then perhaps the tether model is specific only to 
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Pueblo III times. For any time period, however, the model is built 

on the assumption that the home bases and work camps are spatially 

exclusive. 

One of the major problems with the swidden hypothesis is that 

there are no known analogies of groups practicing swidden (slash and 

burn or burn only) in a coniferous forest, nor of any historic South

western group in particular doing swidden. Because of this, not only 

are the prior probabilities of the hypothesis low but the task of pro

viding confirmatory data for the hypothesis is onerous. Following 

Berlin et al. (1977) there are some tests that might provide data for 

the hypothesis if the following strategy was pursued. Masonry and non-

masonry field houses need to be identified in the ponderosa pine forest. 

Then, working out from these sites in a radial fashion, soil and pollen 

samples should be recovered at regular intervals. If the area around 

the field house had been burned and cultivated there should be a clinal 

distribution in the proportion of soluble salts between samples obtained 

from the plot and those obtained from uncultivated areas. The samples 

with the lowest soluble salt values probably come from areas that had 

been cultivated, as seed crops deplete soluble salts from the soil 

(Berlin et al. 1977). Also, low values of potassium, nitrogen, and 

phosphorus (Christenson 1972:39) are indications that the soil was once 

cultivated. And finally, if different concentrations of maize pollen 

could be detected there is a possibility that the crop was nearby as 

maize pollen does not travel far from the plant (Berlin et al, 1977). 
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Final Remarks: Regional Prehistory and 
Mogollon Archaeology 

Tuggle (1970:31-37) has suggested that beginning in Pueblo II 

times there was a shift in settlement location from lower elevations 

(less than 5800 feet) to higher elevations (greater than 6000 feet), 

that the area between Cibecue Creek and Salt Draw was not heavily 

occupied, and that there was a significant population increase (on the 

order of 50-75%, see Tuggle 1970:35) by Pueblo III times. The Pitiful 

Flats data support none of these conclusions. The zonal settlement 

shift appears to be an artifact of Tuggle's sampling scheme, since there 

is good evidence from Pitiful Flats that settlements continued to be 

occupied at less than 5800 feet during and after the supposed shift 

occurred. It is unclear whether the area between Salt Draw and Cibecue 

Creek was "heavily occupied." On the basis of limited systematic 

survey in areas immediately surrounding Pitiful Flats, however, there 

do not seem to be substantial differences in site densities between 

Pitiful Flats and the Grasshopper Plateau immediately to the west. 

Thus, it would seem that the area west of Cibecue Creek was always 

occupied and during some occupational horizons it was occupied rather 

intensively, And finally, I see no evidence for substantial population 

increases in late Pueblq II times. The Pitiful Flats data suggest that 

while there are more settlements occupied during and after this period, 

the occupations were of shorter duration than in previous periods. 

Again, a tethered shifting settlement pattern could account for the 

data with no increase in population. This does not preclude the possi

bility that there was a rearrangement of the population by means of 
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different settlement strategies. This latter proposition seems 

supported by Tuggle's (1970) data for late Pueblo ill and early Pueblo 

IV horizons. Certainly, as has often been suggested (Reid 1973), 

migration of groups into the Grasshopper region around A.D. 1250-1300 

was a major factor influencing later developments in the area. 

David Doyel has asserted recently (1979) that Hohokam archaeology 

lags behind Anasazi and Mogollon archaeology in many respects (absolute 

chronology, adequate regional sampling, etc.). Doyel's assessment 

appears correct with respect to the comparative development of Hohokam 

and Anasazi archaeology. I think, however, that it is the development 

of Mogollon archaeology that is in fact trailing both Hohokam and 

Anasazi archaeology. This is especially true with respect to regional 

sampling, the development of regional chronologies, and the modern 

excavation of sites representing a variety of occupational horizons. 

There are several reasons for these deficiencies in Mogollon archaeology. 

First, as a result of the nature and location of field schools, which 

are responsible for the bulk of work done in the Mogollon area, regional 

sampling has been spotty and chronologies are often quite parochial. 

Second, because the distribution of current "development" in Arizona 

has been divided between the population centers in the desert country 

and the resources of the Navajo country, archaeologists have only 

rarely been called upon to evaluate the significance of cultural 

resources that might be threatened by development projects in the 

Transition Zone (Teague and Mayro 1979). And given the demand for 

archaeologists in those areas which must be cleared for development 

purposes, few archaeologists remain to develop a long-term interest in 



339 

Mogollon archaeology. A shift in funding (Casteel 1980) has not 

facilitated the growth of Mogollon archaeology. 

At the conclusion of his monumental treatise on the Archaeology 

of Alkali Ridge, J. 0. Brew (1946:302) made the following statement: 

And if there is anyone who still thinks that "the 
Southwest is exhausted as a field for archaeological 
research," let him again move south a few miles, this 
time to the Mogollon Rim. 

Professor Brew's sentiment would appear to be timeless. Thirty-five 

years later, we still know little about the prehistoric cultures of the 

Transition Zone. Some might argue that the overall status of Mogollon 

archaeology has changed little as a result of this study. I would be 

inclined to agree. It is difficult and frustrating to work with 

surface material. It is risky offering conclusions and speculations 

about prehistory without being able to evaluate and control so many 

aspects of the data. I hope to be able to check many of the inferences 

advanced above by excavating some of these sites. 
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[q*[ Systematic recovery units 
with cultural moterial. 

|—| Systematic recovery units 
without cultural materiol. 

["J"! Purposive recovery units. 
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n_ 

SITE 15 
Area • 1660m 

10 Meters 

N 

Systematic recovery units 
with cultural moteriol. 

r"~l Systematic recovery units 
"—' without cultural moteriol. 

uI Purposive recovery units. 



SITE 16 
Area•798 m 
0 
I I 

10 Meters 
J 

N 

f5] Systemotic recovery units 
with culturol moterial. 

I 1 Systemotic recovery units 
without cultural moterial. 

fj"| Purposive recovery unit*. 



SITE 17 
Area » I203m2 
0 10 Meters 
1 1 1 

-N 

IqI Systemotic recovery units 
' with culturol moteriol. 

I |  Systemotic recovery units 
without culturol moteriol. / /V 

| Purposive recovery units. '' 

/<£ 



SITE 18 
Area * 1488 
0 10 Meters 
1 I 1 
4 N 

Systemolic recovery units 
with cullurol moteriol. 

r~j Systematic recovery units 
without cutturol moteriol. 

Purposive recovery units. 
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SITE 19 
Areo • 945m2 
0 10 Meters 
1 I I 
4 N 

IqI Systemolic recovery units 
L-J  with cuJturol moteriol.  

I 1 Systemotic recovery units 
without cultural moieriol.  

rjl Purposive recovery units. 
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s o 
SITE 20 
Areo • 3808 m 

10 Meters 

[•] Sysiemoiic recovery units 
1—1 witn cultural material 

I 1 Systematic recovery units 
wi thout  cu l tu ra l  mate r ia l .  

s Purposive recovery units. 
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SITE 21 
Area • 1081 
0 10 Meters 1 . i l 

N 

[•] Systematic recovery units 
'—' with culturol material 

|  |  Systematic recovery unit* 
without cultural materiol.  

| f  I Purposive recovery units.  
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SITE 22 
Areo"577m2 
0 10 Meters 
1 I I 
4 N 

|"5"1 Sysiemoiic recovery unit* 
'  with culiurol moteriol.  

|  |  Systemolic recovery units 
without culturol moteriol.  

[71 Purposive recovery units. 



\ 

362 

SITE 23 
Areo • 336 

ET— 

<•> 

r 
5 

0 10 Meters 
1 I J 

| q |  P u r p o s i v e  r e c o v e r y  units. 

SITE 24 
Areo • 194 

3 

t*u-£ 



SITE 25 
Area® 1735 
0 10 Meters » t J 
• N 

"q"| Systemotic recovery units 
with cultural material. 

["""J Systemotic recovery units 
without culturol moterio 

Purposive recovery units. 

O 



364 

SITE 26 
Areo- 322m2 

0 10 Meters 
1 1 I 

N 

|q1 Systemotic recovery units 
with culturol moterioi. 

P| Systemotic recovery units 
without culturol moterioi. 

Purposive recovery units. 



SITE 27 
Areo «I257 
0 10 Meiers 1 1 1 
« N 

|q|  Systemotic recovery units 
l—' with cultural material. 

I |  Systematic recovery units 
without culturol material. 

If I Purposive recovery units. 

/5s 

/%>  ̂

T3 
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SITE 28 
Area • 586m^ 
0 10 Meiers 
1 I 1 

N 

[q] Systematic recovery units 
with culturol moteriol. 

r~l Systematic recovery units 
* without cultural moteriol. 

f*"| Purposive recovery units. 



367 

SITE 29 
Areo -IZOmZ 
0 lOMetcrs 
1 I 1 

N 

[q1 Syfttemotic recovery units 
with cuMuiol moteriol. 

n Sysfemotic recovery units 
without culturol moteriol. 

[51 Purposive recovery units. 
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SITE 30 
Area • 789 rn^ 
0 10 Meters 
1 I 1 
4 N 

[q] Systemotic recovery units 
with culturol moterial. 

[""I Systematic recovery units 
without culturol moteriol. 

fjl Purposive recovery units. 
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on % 

SITE 31 
Area - 2306m 
O 
L 

10 Meters 
-I x 

[q! Systemotic recovery units 
*—•' wifh cultural moteriol. 

I I Systemotic recovery units 
* without cutturol moteriol. 

]0 ] Purposive recovery units. 
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SITE 32 
Area- 628 
0 t  lp Meters 

4 N 

[q] Systematic recovery units 
with cutturol mottriol. 

1 1 Systemotic recovery units 
without cutturol moteriol. 

10*1 Purposive recovery units. 



SITE 33 
Areo "64lm2 

0 10 Meters 
1 I I 

4 N 

Iq I Systemotic recovery units 
'  with culturol moteriol. 

I |  Systemotic recovery units 
without culturol moteriol. 

ve recovery units. 
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SITE 34 
Area «433m2 
0 10 Meters 
1 I I 
< N 

fgl Sysiemotic recovery units 
'  with cultural moteriol. 

I I Systematic recovery units 
without cultural moteriol. 

Purposive recovery units. 



A P P E N D I X  B  

F R E Q U E N C Y  D I S T R I B U T I O N S  O F  R E C O V E R Y  U N I T  Y I E L D S  ( B Y  S I T E )  

F r e q u e n c y  

R e c o v e r y  l i m i t  y i e l d  

0 
1 
2 
3  
4  
5  
6 
7  
8 

F r e q u e n c y  T o t a l  L i t h i c  C e r a m i c  

S i t e  1  ( L i t h i c  s i t e )  

5 0  
20 
1 4  
10 
1 3  
4  
4  
2 
1 

0 

1 
2 
3  
4  
5  
6 
7  
8 
10 
11 
12 
1 3  
1 4  
1 5  
16 
1 7  
18 
20 
21 
2 4  
26 
3 2  
3 6  

S i t e  2  ( C e r a m i c  s i t e )  

1 7  
4  
7  
10 

8 
4  
5  

1 

2 
0 
2 
2 
0 
1 
3  
0 
0 

0 
7  
8 
8 
11 
3  
1 
2 
3  
1 

0 
3  
1 
2 
1 
0 
3  
0 
1 
1 

3 3  
7  
5  
3  
2 
1 
0 

1 

0 
0 
0 
1 
0 
0 
1 
1 

373 
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Frequency 

Recovery limit yield 

1 
2 
3  

4  
5  
7  

Frequency Total 

S i t e  3  ( C e r a m i c  s i t e )  

0 
0 
0 
1 
1 
2 

L i t h i c  

0 
1 
1 
1 
1 
0 

C e r a m i c  

1 
2 
0 
1 
0 
0 

0 
1 
2 
3  
4  
5  
6 
16 

S i t e  4  ( L i t h i c  s i t e )  

9  
9  
3  
10 
1 
1 
1 
1 

S i t e  5  ( C e r a m i c  s i t e )  

0 
1 
2 
3  

4  
5  
6 
7  
8 
10 
11 
12 
1 3  

1 5  
16 
1 7  

26 
1 5  
1 5  
5  

22 
1 4  
7  
4  
0 
3  

9  
18 

8 
3  
3  
1 
2 
0 
2 
1 
2 
0 
0 
1 

0 
1 
2 
3  
4  
5  
6 
8 
9  

S i t e  6  ( L i t h i c  s i t e )  

1 9  
1 3  

2 
4  
9  
5  
5  
4  
5  
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Frequency 

Recovery limit yield Frequency Total Lithic Ceramic 

10 1 
12 1 
1 3  2  
1 4  1  
16 2 
20 1 
2 3  1  
26 1 
2 9  1  

0 
1 
2 
3  
4  
5  
6 
7  
8 
9  
10 
11 
1 3  
16 
18 
1 9  
22 
28 
4 4  

S i t e  7  ( L i t h i c  s i t e )  

2 3  
18 
12 
11 
10 
3  
4  
4  
2 
2 
1 
1 
1 
1 
1 
1 
1 
1 
1 

0 
1 
2 
3  
4  
5  
6 
7  
8 
9  
11 
12 
1 3  
1 4  
1 5  

S i t e  8  ( L i t h i c  s i t e )  

22 
12 
4  
4  
2 
3  
4  
7  
5  
1 
2 
2 
4  
3  
1 
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-Recovery limit yield 

16 
1 7  
18 
1 9  
20 
21 
22 
2 3  
2 5  
26 
2 7  
28 
3 0  
3 5  
3 7  
9 1  
9 6  

1 2 5  
1 5 9  
2 4 7  
2 7 7  
2 9 0  
3 0 9  

0 
1 
2 
3  
4  
5  
6 
7  
8 
9  
10 
11 
12 
1 3  
16 
1 7  
1 9  
20 
A 3  
4 9  

Frequency 

F r e q u e n c y  T o t a l  L i t h i c  C e r a m i c  

2 
3  
2 
1 
2 

S i t e  9  ( L i t h i c  s i t e )  

26 
20 
2 3  
18 

6 
3  
4  
6 
5  
4  
1 
1 
2 
3  

2 
1 
2 
2 
1 

1 
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Frequency 

R e c o v e r y  l i m i t  y i e l d  F r e q u e n c y  T o t a l  L i t h l c  C e r a m i c  

S i t e  1 0  ( C e r a m i c  s i t e )  

0  3 1  1 4  1 6  

1  1 5  1 6  2 0  

2  1 3  1 2  9  

3  4  4  1 0  

4  1 0  3  5  

5  2  0  1  

6  4  2  1  

7  1  4  2  

8  0  1  1  

9  2  2  0  

1 0  3  3  0  

1 1  2  1  1  

1 2  1  0  0  

1 3  1  2  0  

1 4  2  0  1  

1 5  0  1  0  

1 6  1  0  1  

1 7  1  0  2  

1 9  1  1  
2 1  0  2  

2 2  2  0  

2 3  0  1  

2 4  1  0  

2 6  1  0  

3 5  1  0  

3 7  0  1  
3 8  1  
5 3  1  

S i t e  1 1  ( C e r a m i c  s i t e )  

0  8  9  1 1  

1  1 4  2 2  1 6  

2  1 0  1 2  1 5  

3  6  5  4  
4  6  3  2  

5  3  3  5  
6  4  4  2  

7  4  1  2  
8  3  1  0  

9  3  0  0  

1 0  3  0  0  

1 1  1  1  0  

1 3  0  1  
1 4  0  1  
1 5  0  1  
1 6  1  0  
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Frequency 

Recovery limit yield Frequency Total Lithic Ceramic 

18 0 1 
1 9  1  
20 1 
2 5  1  

S i t e  1 2  ( C e r a m i c  s i t e )  

0  1 4  1 6  4  
1  9  1 0  9  
2  6  5  6  
3  5  2  
4  2  4  
5  3  1  
6 10 
7  1 1  
9  1 1  

1 1  1 1  
12 0 1 
1 3  1 0  
16 0 1 
18 1 

S i t e  1 3  ( L i t h i c  s i t e )  

0  3 4  
1  1 7  
2 6 
3  7  
4  3  
5  1  
6 1 
7  2  
8 1 
11 1 
12 2 
1 3  1  
1 5  1  
1 7  1  
2 7  1  

S i t e  1 4  ( C e r a m i c  s i t e )  

0  0  3  3  
1  4  3  4  
2  1 2  2  
4  1 2  0  
5  2  1 0  
7  2  1  
8 0 1 
9  1  
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Frequency 

Recovery limit yield 

0 
1 
2 
3  
4  
5  
6 
7  
8 
9  
10 
11 
1 3  

0 
1 
2 
3  
4  
5  
6 

Frequency Total 

Site 15 (Ceramic site) 

22 
8 
3  
8 
6 
4  
3  
3  
2 
2 
2 
2 
2 

Site 16 (Ceramic site) 

20 
9  
4  
4  
4  
1 
1 

Lithic 

6 
10 
8 
12 
3  
2 
3  
0 
1 

8 
7  
6 
2 

Ceramic 

9  
10 
10 
5  
4  
1 
1 
3  

1 

0 
1 

6 
7  
6 
4  

0 
1 
2 
3  
4  
5  
6 
7  
8 
9  
10 
11 
12 
1 4  
1 5  
1 7  
18 
1 9  
21 
22 
2 3  

Site 17 (Ceramic site) 

2 5  
12 
2 
3  
3  
4  
1 
2 
0 
3  
0 
1 
1 
0 
1 
1 
1 
0 
1 
1 

0 

1 4  
11 
2 
4  
3  
0 
0 
3  
1  
0 
1  
0 
0 
0 
0 
0 
0 
0 
0 
1  

4  
10 
5  
3  
2 
4  
3  
0 
0 
1 
1 
1 
0 
1 

1 
0 
1 

1 
0 
0 
1 
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Frequency 

Recovery limit yield 

2 4  
28 
3 8  
60 

Frequency Total 

1 
1 
0 
1 

Lithic Ceramic 

0 
0 
1 

0 
1 
2 
3  
4  
5  
6 
7  
8 
9  
10 
11 
12 

1 3  
1 5  

Site 18 (Ceramic site) 

1 5  
11 

8 
8 
1 
2 
5  
3  
3  
2 
2 
0 
2 
1 
1 

10 
16 
9  
5  
5  
2 
2 

8 
12 
8 
7  
4  
2 
4  
0 
1 
0 
1 
2 

Site 19 (Ceramic site) 

0  1 6  2 2  4  
1  1 0  7  9  
2  8  3  7  
3  4  2  3  
4  4  0  3  
5  1 1 3  
6 12 
8 11 
9  2  0  

1 0  1 0  
1 3  0  1  
1 5  1 0  
2 2  1 1  
3 1  1 1  

0 
1 
2 
3  
4  
5  
6 
7  

Site 20 (Lithic site) 

3 3  
12 
7  
4  
7  
4  
2 
3  
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Frequency 

Recovery limit yield Frequency Total Lithic Ceramic 

8  4  
9  3  

1 0  2  
1 1  6  
1 2  1  
1 3  3  
1 4  4  
1 5  2  
1 7  1  
1 8  2  
2 0  2  
2 1  1  
2 3  1  
2 4  1  
2 5  1  
2 6  1  
3 8  1  
4 2  1  

Site 21 (Ceramic site) 

0  2 0  1  1 3  
1  5  9  8  
2  9  5  
3  4  4  
4  1 0  
5  1 1  
6 11 

Site 22 (Ceramic site) 

0  1 4  8  3  
1  5  5  3  
2  5  2  4  
5  1 1  
7  0  1  
8 10 
11 0 1 
1 2  1 1  
1 4  1 0  
1 5  0  1  
16 1 
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Frequency 

Recovery limit yield Frequency Total Lithic Ceramic 

Site 23 (Ceramic site) 

3  2  
2 1 
1 2 

0 
1 

1 1 
1 2 
1 1 
1 1 
0 
1 

0  0  

1  2  
2  2  
3  1  
4  1  

Site 24 (Ceramic site) 

0  0  
2  0  
3  1  
4  2  
6  1  
9  0  

1 2  1  

Site 25 (Ceramic site) 

0  2 4  1 4  4  
1  1 0  1 2  8  
2  2  1 0  7  
3  7  4  8  
4  5  4  6  
5  4  3  0  
6  3  1  1  
7  3  0  2  
8  0  1  2  
9  0  0  2  

1 0  2  1  1  
1 1  2  0  3  
1 2  2  0  0  
1 3  1  0  2  
1 4  0  1  1  
1 5  0  1  
1 6  1  1  
1 7  2  0  
1 8  1  0  
1 9  1  0  
2 0  1  0  
2 2  1  0  
2 5  1  2  
2 7  1  0  
3 3  0  1  
3 5  1  
3 9  1  
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Frequency 

Recovery limit yield Frequency Total Lithic Ceramic 

Site 26 (Ceramic site) 

0 4 10 4 
1 5 4 5 
2 5 2 1 
5 2 2 
9 1 1 
10 1 1 
11 1 1 
12 1 1 

Site 27 (Ceramic site) 

0 11 12 6 
1 10 13 8 
2 5 7 5 
3 3 6 3 
4 0 1 2 
5 4 0 1 
6 3 0 4 
7 2 0 0 
8 2 1 0 
9 0 1 1 
10 1 0 0 
11 1 1 1 
12 0 1 0 
14 1 1 
15 1 1 
16 0 1 
17 1 0 
18 0 1 
19 0 1 
20 1 0 
21 1 0 
24 0 1 
26 1 0 
27 1 0 
28 0 1 
37 1 0 
40 0 1 
44 0 1 
45 0 1 
48 1 1 
52 1 0 
55 1 0 
56 1 0 
67 0 1 
70 1 
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Frequency 

Recovery limit yield 

0 
1 
2 
3  
4  
5  
7  
8 

10 
11 

Frequency Total 

Site 28 (Ceramic site) 

10 
3  
6 
3  
5  
0 
3  
1 
0 
1 

Lithic 

0 
8 
4  
5  
4  
1 

Ceramic 

11 
6 
1 
0 
1 
2 
0 
0 
1 

0 
1 
2 
3  
4  
5  
6 
7  
10 
11 
12 
1 3  
1 4  
1 5  
2 3  

Site 29 (Lithic site) 

20 
4  
8 
5  
4  
3  
3  
1 
2 
1 

1 
2 
1 
1 
1 

Site 30 (Ceramic site) 

0  7  1 1  6  
1 8 10 8 
2  5  3  7  
3  3  3  0  
4  0  0  3  
5  2  0  5  
6  1 3  2  
7 0 2 2 
8  5  3  3  
10 2 0 1 
11 1 * 2 0 
1 2  3  1 2  
1 4  0  1 0  
1 5  0  1  
1 6  1 0  
1 7  1 0  
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Frequency 

Recovery limit yield Frequency Total Lithic Ceramic 

18 2 1 
1 9  1 0  
2 0  1 0  
2 1  1 0  
2 7  0  1  
3 8  1 0  
5 4  0  1  
61 1 

Site 31 (Ceramic site) 
0  3 9  1 3  7  
1  1 2  1 7  1 5  
2 7 6 6 
3  5  6  A  
4  8  1 5  
5  3  4  
6 2 0 
7  4  2  
8 2 

Site 32 (Lithic site) 

0  1 5  
1  7  
2  5  
3  4  
4  3  
5  3  
6 1 
10 1 

Site 33 (Lithic site) 

0  1 3  
1  4  
2 6 
3  5  
6 1 
8 2 
9  1  
10 1 
12 1 
1 3  1  
1 5  1  
16 1 
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Frequency 

Recovery limit yield 

0 
1 
2 
3  
4  
5  
9  
11 
18 
1 9  
20 
3 3  
4 5  

Frequency Total Lithic Ceramic 

Site 34 (Lithic site) 

9  
4  
5  
3  
2 



APPENDIX C 

FREQUENCY DISTRIBUTIONS OF LITHIC DEBITAGE AND DEBRIS 
WEIGHT DATA (BY SITE-TYPE AND SITE) 

Weight Interval 

Site 1: 

1 
2 
3  
4  
9  

1 5  

N  

131 
2 3  
1 3  
1 
1 
2 

Per cent frequency 

Lithic sites 

76.6 
13.5 
7.6 

. 6  

. 6  
1 . 2  

Per cent weight 

50.6 
17.8 
15.1 
1.5 
3.5 

11.6 

Site 4: 

1 
2 
3  
4  
5  
6 
7  
9  
20 
3 4  

3 4  

1 7  
9  
3  
1 
1 
3  
2 
1 

1 

47.2 
23.6 
12.5 
4.2 
1.4 
1.4 
4.2 

2 . 8  
1.4 
1.4 

16.1 
16.1 
12 .8  
5.7 
2.4 
2 . 8  

10.0  
8.5 
9.5 

16 .1  

Site 6: 

1 
2 
3  
4  
5  
6 
7  
8 
11 
1 4  
1 5  
20 

242 
7 5  
3 4  
9  
2 
5  

64.9 
20 .1  
9.1 
2.4 
. 5  

1.3 
. 3  
. 3  
. 3  
. 3  
. 3  
. 3  

37.5 
23.3 
15.8 
5.6 
1 . 6  
4.7 
1.1 
1 . 2  
1.7 
2 . 2  
2.3 
3.1 

387 
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Weight interval N Per cent frequency Per cent weight 

Site 7: 

1 260 67.2 32.1 
2 54 14.0 13.3 
3 28 7.2 10.4 
4 12 3.1 5.9 
5 16 4.1 9.9 
6 5 1.3 3.7 
8 2 .5 2.0 
9 4 1.0 4.4 
10 5 1.3 6.2 
99 1 .3 12.2 

Site 8: 

1 2402 90.9 78.5 
2 167 6.3 10.9 
3 36 1.4 3.5 
4 20 .8 2.6 
5 2 .1 .3 
6 3 .1 .6 
7 6 .2 1.4 
8 3 .1 .8 

10 2 .1 .7 
20 1 .1 .7 

Site 9; 

1 433 74.4 43.9 
2 78 13.4 15.8 
3 25 4.3 7.6 
4 13 2.2 5.3 
5 10 1.7 5.1 
6 7 1.2 4.3 
7 2 .3 1.4 
8 4 .7 3.2 
9 3 .5 2.7 

10  1  . 2  1 .0  
12 1 .2 1.2 
13 1 .2 1.3 
15 1 .2 1.5 
18 2 .3 3.6 
2 0  1  . 2  2 . 0  

Site 13: 

1 102 60.4 25.6 
2 37 21.9 18.5 
3 6 3.6 4.5 
4 7 4.1 7.0 
5 6 3.6 7.5 
6 1 .6 1.5 
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Weight Interval 

7 
8 
10 
11 
13 
14 
17 
22 
25 

Site 20: 

1 
2 
3 
4 
5 
6 
7 

9 
10 
11 
19 
28 
37 

Site 29; 

1 
2 
3 
5 
6 
7 

Site 32; 

1 
2 
3 
4 
5 
6 
7 
9 

N • Per cent frequency Per cent weight 

1 .6 1.8 
1 .6 2.0 
1 .6 2.5 
1 .6 2.8 
1 .6 3.3 
2 1.2 7.0 
1 .6 4.3 
1 .6 5.5 
1 .6 6.3 

547 81.2 53.8 
73 10.8 14.4 
25 3.7 7.4 
11 1.6 4.3 
3 .4 1.5 
2 .3 1.2 
1 .1 .7 
4 .6 3.5 
4 .6 3.9 
1 .1 1.1 
1 .1 1.9 
1 .1 2.8 
1 .1 3.6 

174 84.1 68.0 
26 12.6 20.3 
4 1.9 4.7 
1 .5 2.0 
1 .5 2.3 
1 .5 2.7 

43 62.3 29.1 
7 10.1 9.5 
6 8.7 12.2 
4 5.8 10.8 
4 5.8 13.5 
2 2.9 8.1 
1 1.4 4.7 
2 2.9 12.2 



390 

Weight interval N Per cent frequency Per cent weight 

Site 33: 

1 103 85.8 43.8 

2 9 7.5 7.7 

3 5 4.2 6.4 

•9 1 .8 3.8 

25 1 .8 10.6 

65 1 .8 27.7 

t: 

1 109 56.2 27.0 

2 52 26.8 25.8 

3 15 7.7 11.2 

4 6 3.1 6.0 

5 2 1.0 2.5 

6 2 1.0 3.0 

9 1 .5 2.2 

10 2 1.0 5.0 

12 1 .5 3.0 

13 2 1.0 6.5 

15 1 .5 3.7 

17 1 .5 4.2 

Ceramic sites 

1 127 40.2 10.0 

2 63 19.9 9.9 

3 34 10.8 8.0 

4 27 8.5 8.5 

5 22 7.0 8.6 

6 8 2.5 3.8 

7 1 .3 .5 

8 2 .6 1.3 

9 7 2.2 4.9 

10 4 1.3 3.1 

11 1 .3 .9 

12 2 .6 1.9 

14 1 .3 1.1 

20 3 .9 4.7 

22 3 .9 5.2 

24 1 .3 1.9 

26 1 .3 2.0 

30 2 .2 4.7 

31 3 .9 7.3 

34 1 .3 2.7 

35 1 .3 2.7 

38 1 .3 3.0 

44 1 .3 3.4 



Weight interval 

Site 3: 

2 
3 
4 
5 
7 
8 

Site 5: 

1 
2 
3 

4 
5 
6 
7 
8 
11 

Site 10; 

1 
2 
3 
4 
5 
6 
7 
8 
9 
10 
11 
12 
14 
15 
16 
17 
18 
19 
22 
24 
26 
30 
35 

38 

391 

N Per cent frequency Per cent weight 

4 
1 
3 
2 
1 

1 

33.3 
8.3 
25.0 
16.7 
8.3 
8.3 

16.7 
6.3 
25.0 
20.8  
14.6 
16.7 

24 
7 
3 
1 
3 
3 

1 

1 
1 

54.5 
15.9 

6 . 8  
2.3 
6 . 8  
6 . 8  
2.3 
2.3 
2.3 

21.8 
12.7 

8 . 2  
3.6 

13.6 
16.4 
6.4 
7.3 

10.0 

50 
67 
56 
26 
20 
20 
16 
17 
3 

16.4 
2 2 . 0  
18.4 
8 . 6  
6 . 6  
6 . 6  
5.3 
5.6 
1 . 0  
2.3 
.3 
.3 
1.3 
.3 
.3 
. 6  
.3 
.3 

1 . 0  
.3 

1 . 0  
.3 
.3 
.3 

3.4 
9.1 
11.4 
7.1 
6 . 8  
8.1 
7.6 
9.2 
1 . 8  
4.8 

.7 
. 8  

3.8 
1 . 0  
1 . 1  
2.3 
1.2 
1.3 
4.5 
1.6 
5.3 
2 . 0  
2.4 
2 . 6  
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Weight interval N Per cent frequency Per cent weight 

Site 11: 

1 25 25.0 5.2 
2 15 14.5 6.0 
3 15 14.5 9.0 
4 7 7.3 6.0 
5 8 8.1 8.4 
6 5 4.8 6.0 
7 9 7.3 10.5 
8 8 6.5 10.7 
9 4 3.2 6.0 
10 1 .8 1.7 
11  1  .8  1 .8  
1 2  1  . 8  2 . 0  
13 1 .8 2.2 
14 1 .8 2.3 
16 1 .8 2.7 
18 1 .8 3.0 
24 2 1.6 8.0 
25 2 1.6 8.4 

Site 12: 

1 5 31.3 7.1 
2 5 31.3 14.3 
5 2 12.5 14.3 
8 1 6.3 11.4 
10 1 6.3 14.3 
11 1 6.3 15.7 
16 1 6.3 22.9 

Site 14: 

1 6 33.3 1.9 
3 1 5.6 .9 
4 2 11.1 2.5 
5 1 5.6 1.6 
8 2 11.1 5.0 
9 1 5.6 2.8 
16 1 5.6 5.0 
33 1 5.6 10.3 
63 2 11.1 39.3 
99 1 5.6 30.8 

Site 15: 

1 37 37.8 7.3 
2 17 17.3 6.7 
3 10 10.2 6.0 
4 10 10.2 7.9 
5 3 3.1 3.0 
6 2 2.0 2.4 
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Weight interval 

7 
8 
9 
10 
11 
12 
13 
16 
22 
23 
26 
37 
59 

N 

2 
1 

Per cent frequency 

1 . 0  
4.1 

2 . 0  
1.0 
1 .0  
1.0 
2 .0  
1.0 
1.0 
1 . 0  
1.0 
2 . 0  
1.0 

Per cent weight 

1.4 
6.3 
3.6 
2 .0  
2 . 2  
2.4 
5.2 
3.2 
4.4 
4.6 
5.2 

14.7 
11.7 

Site 16: 

1 
2 
3 
4 
5 
6 
7 

12 
13 
27 

3 
6 
3 
4 
2 
2 
1 
1 

1 
1 

12.5 
25.0 
12.5 
16.7 

8.3 

8.3 
4.2 
4.2 

4.2 

4.2 

2.5 
9.9 
7.4 
13.2 
8.3 
9.9 
5.8 
9.9 

10.7 
22.3 

Site 17: 

1 
2 
3 
4 
5 
6 
7 
8 
9 
11 
12 
14 
17 
19 

24 

27 
40 
95 

18 
13 
11 
4 
15 

2 
2 
1 
1 
2 
2 
2 
3 
1 
2 
1 

2 
1 

21.7 
15.7 
13.3 
4.8 

18.1  
2.4 
2.4 
1.2 
1.2 

2.4 
2.4 
2.4 
3.6 
1.2 
2.4 
1.2 
2.4 
1 . 2  

3.0 
4.3 
5.5 
2 . 6  

12.4 
2 . 0  
2.3 
1.3 
1.5 
3.6 
4.0 
4.6 
8.4 
3.1 
7.9 
4.5 

13.2 
15.7 
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Weight interval N Per cent frequency Per cent weight 

Site 18: 

1 16 20.3 4.2 

2 11 13.9 5.8 

3 15 19.0 11.8 

4 10 12.7 10.5 

5 6 7.6 7.9 
6 2 2.5 3.2 

7 3 3.8 5.5 
8 3 3.8 6.3 

9 1 1.3 2.4 
10 2 2.5 5.3 

12 3 3.8 9.5 

13 3 3.8 10.3 

14 1 1.3 3.7 

15 2 2.5 7.9 

22 1 1.3 5.8 

Site 19: 

1 7 33.3 8.6 
2 6 28.6 14.8 
4 2 9.5 9.9 
5 3 14.3 ' 18.5 
9 1 4.8 11.1 
10 1 4.8 12.3 
20 1 4.8 24.7 

Site 21: 

1 16 4.10 13.9 
2 7 17.9 12.2 
3 6 15.4 15.7 
4 1 2.6 3.5 
5  2 - 5 . 1  8 . 7  
6 3 7.7 15.7 
7 1 2.6 6.1 
9 2 5.1 15.7 
10 1 2.6 8.7 

Site 22: 

1 2 22.2 3.2 
3 2 22.2 9.7 
4 1 11.1 6.5 
5 1 11.1 8.1 
6 1 11.1 9.7 

10 1  11.1 16.1 
29 1 11.1 46.8 
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Weight interval N Per cent frequency Per cent weight 

Site 23: 

1 1 33.3 8.3 
3 1 33.3 25.0 
8 1 33.3 66.7 

Site 24: 

1 6 33.3 7.4 
2 4 22.2 9.9 
3 3 16.7 11.1 
4 1 5.6 4.9 
5 1 5.6 6.2 
10 1 5.6 12.3 
12 1 5.6 14.8 
27 1 5.6 33.3 

Site 25: 

1 45 40.2 11.1 
2 25 22.3 12.3 
3 12 10.7 8.9 
4 8 7.1 7.9 
5 2 1.8 2.5 
6 2 1.8 3.0 

7 1 .9 1.7 
8 2 1.8 4.0 
9 6 5.4 13.3 

11 4 3.6 10.9 
13 1 .9 3.2 
15 2 1.8 7.4 
18 1 .9 4.4 
38 1 .9 9.4 

Site 26: I 

1 2 28.6 3.3 
2 1 14.3 3.3 
6  2  28 .6  20 .0  
20 1 14.3 33.3 
24 1 14.3 40.0 

Site 27: 

1 28 35.0 9.0 
2 18 22.5 11.5 
3 10 12.5 9.6 
4 3 3.8 3.8 
5 6 7.5 9.6 
6 3 3.8 5.8 
7 3 3.8 6.7 
8 2 2.5 5.1 
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Weight Interval N Per cent frequency Per cent weight 

9 2 2.5 5.8 
11 1 1.3 3.5 
13 1 1.3 A.2 
15 1 1.3 4.8 
29 1 1.3 9.3 
35 1 1.3 11.2 

Site 28; 

1 17 35.4 12.5 
2 15 31.3 22.1 
3 7 14.6 15.4 
5 4 8.3 14.7 
7 1 2.1 5.1 
8 2 4.2 11.8 
9  1  2 . 1  6 . 6  

16 1 2.1 11.8 

Site 30: 

1 36 28.3 6.3 
2 33 26.0 11.5 
3 9 7.1 4.7 
4 5 3.9 3.5 
5 6 4.7 5.2 
6 10 7.9 10.5 
7 10 7.9 12.2 
8 2 1.6 2.8 
9 2 1.6 3.1 
10 2 1.6 3.5 
11 2 1.6 3.8 
12 1 .8 2.1 
13 1 .8 2.3 
15 2 1.6 5.2 
16 1  .8  2 .8  
18 2 1.6 6.3 
20 1 .8 3.5 
23 1 .8 4.0 
37 1 .8 6.5 

Site 31: 

1 23 47.9 12.4 
2 8 16.7 8.6 
3 3 6.3 4.8 
4 3 6.3 6.5 
5 1 2.1 2.7 
6 2 4.2 6.5 
10 3 6.3 16.1 
12 2 4.2 12.9 
14 1 2.1 7.5 
19  1  2 .1  10 .2  
2 2  1  2 . 1  1 1 . 8  



APPENDIX D 

SHERD COUNT AND WEIGHT DATA FOR BROWNWARE CLASSES 

AND WHITEWARE STYLES (BY SITE) 

Count (Frequency = N) Weight (g = grams) 

Per cent Per cent Per cent Per cem 

N total ware total ware 

Site 2 

Brownware class : 

1 1 17.4 36.4 61.5 19.4 49.9 
2 1 1.1 2.3 1.8 .6 1.5 

4 1 1.1 2.3 5.9 1.9 4.8 
6 4 4.3 9.1 8.6 2.7 7.0 

7 6 6.5 13.6 10.1 3.2 8.2 

9 1 1.1 2.3 4.8 1.5 3.9 

10 1 1.1 2.3 1.9 .6 1.5 

12 12 13.0 27.3 21.5 6.8 17.5 

13 2 2.2 4.5 7.1 2.2 5.8 

(subtotal) (44) (47.8) (100.0) (123.2) (38.9) (100.0) 

Whiteware style I 

Undecorated 11 12.0 23.4 65.5 20.7 34.3 

Decorated 24 26.1 51.1 44.7 14.1 23.4 
Sosi 6 6.5 12.8 45.1 14.3 23.6 

Puerco 6 6.5 12.8 35.4 11.2 18.6 
(subtotal) (47) (51.1) (100.0) (190.7) (60.3) (100.0) 

Misc. 1 1.1 — 2.5 .8 — 

Total 92 100.0 316.4 100.0 

Site 3 

Brownware class : 

1 1 11.1 33.3 25.4 36.8 73.6 

7 1 11.1 33.3 4.3 6.2 12.5 

11 1 11.1 33.3 4.8 6.9 13.9 
(subtotal) (3) (33.3) (100.0) (34.5) (49.9) (100.0) 

397 



Count (Frequency = N) 

398 

Weight (g = grains) 

N 
Per cent 
total 

Per cent 
ware 8 

Per cent 
total 

Per cern 
ware 

Whiteware style: 

Undecorated 2 22.2 — 23.9 34.6 

Redware 2 22.2 — 4.2 6.1 — 

Black-on-Red 2 22.2 — 6.5 9.4 — 

Total 9 100.0 69.1 100.0 

Site 5 

Brownware class: 

1 70 58.1 75.3 514.4 66.2 83.9 

2 7 5.2 7.5 45.8 5.9 1.0 

3 3 2.2 3.2 6.6 .8 .1 

4 1 .7 1.1 6.3 .8 .1 

6 2 1.5 2.2 12.8 1.6 .3 

7 9 6.7 9.7 21.9 2.8 .5 

9 1 .7 1.1 5.4 .7 .1 
(subtotal) 93 (68.9) (100.0) (613.2) (78.9) (100.0) 

Whiteware styl e: 

Undecorated 20 14.8 47.6 80.2 10.3 49.0 

Decorated 14 10.4 33.3 51.1 6.6 31.2 
Red Mesa 4 3.0 9.5 5.7 .7 3.5 

Sosi 2 1.5 4.8 13.1 1.7 8.0 

Puerco 2 1.5 4.8 13.7 1.8 8.4 

(subtotal) (42) (31.1) (100.0) (163.8) (21.1) (100.0) 

Total 135 100.0 777.0 100.0 

Site 10 

Brownware class: 

1 71 36.3 77.2 331.0 37.9 76.9 
2 6 3.1 6.5 30.3 3.5 7.0 

4 1 .5 1.1 3.1 .4 .7 
7 6 3.1 6.5 21.0 2.4 4.9 

11 8 4.1 8.7 45.2 5.2 10.5 
(subtotal) (92) (46.9) (100.0) (430.6) (49.3) (100.0) 



Count (Frequency = N) 

399 

Weight (g = grains) 

Per cent Per cent Per cent Per cent 

N total ware 8 total ware 

Whiteware style: 

Undecorated 49 25.0 51.0 221.9 25.4 54.4 
Decorated 24 12.2 25.0 79.0 9.9 19.4 
White Mound 2 1.0 2.1 8.7 1.0 2.1 
Kiatuth Lanna 5 2.6 5.2 11.2 1.3 2.7 
Red Mesa 11 5.6 11.5 45.0 5.2 11.0 
Sosi 3 1.5 3.1 22.7 2.6 5.6 
Puerco 2 1.0 2.1 19.3 2.2 4.7 
(subtotal) (96) (49.0) (100.0) (407.8) (46.7) (100.0) 
Black-on-Red 4 2.0 — 23.8 2.7 — 

Misc. 4 2.0 — 10.4 1.2 — 

Total 196 100.0 872.6 100.0 

Site 11 

Brownware class: 

1 93 52.2 65.5 486.7 55.5 67.1 
2 4 2.2 2.8 26.0 3.0 3.6 
3 7 3.9 4.9 56.9 6.5 7.8 
6 6 3.4 4.2 16.2 1.8 2.2 
7 14 7.9 9.9 66.4 7.6 9.2 
8 2 1.1 1.4 6.1 .7 .8 
9 9 5.1 6.3 38.2 4.4 5.3 
10 3 1.7 2.1 9.4 1.1 1.3 
11 2 1.1 1.4 7.5 .9 1.0 
12 1 .6 .7 5.6 .6 .8 
13 1 .6 .7 6.3 .7 .9 

(subtotal) (142) (79.8) (100.0) (725.3) (82.8) (100.0) 

Whiteware style: 

Undecorated 17 9.6 48.6 53.9 6.2 36.2 
Decorated 7 3.9 20.0 18.1 2.1 12.2 
Red Mesa 2 1.1 5.7 20.4 2.3 13.7 
Black Mesa 2 1.1 5.7 8.6 1.0 5.8 
Walnut 7 3.9 20.0 47.8 5.5 32.1 
(subtotal) (35) (19.7) (100.0) (148.8) (17.0) (100.0) 
Misc. 1 .6 — 2.2 .3 — 

Total 178 100.0 876.3 100.0 



Count (Frequency = N) 
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Weight (g == grams) 

N 

Per cent 
total 

Per cent 
ware g 

Per cent 
total 

Per cen 
ware 

Site 12 

Brownware class: 

1 54 52.4 56.8 215.4 51.7 55.3 

3 1 1.0 1.1 4.7 1.1 1.2 

4 1 1.0 1.1 1.0 3.2 .3 

5 2 1.9 2.1 16.2 3.9 4.2 

7 24 23.3 25.3 103.7 24.9 26.6 
8 1 1.0 1.1 12.9 3.1 3.3 
9 5 4.8 5.3 23.7 5.7 6.1 
11 4 3.9 4.2 3.8 .9 1.0 
12 1 1.0 1.1 4.2 1.0 1.1 
13 2 1.9 2.1 3.7 .9 1.0 

(subtotal) (95) (92.2) (100.0) (389.3) (93.4) (100.0) 

Whiteware style: 

Undecorated 3 2.9 37.5 9.3 2.2 34.1 
Decorated 5 4.9 62.5 18.0 4.3 65.9 
(subtotal) (8) (7.8) (100.0) (27.3) (6.5) (100.0) 

Total 103 100.0 416.6 100.0 

Site 14 

Brownware class: 

1 5 21.7 55.6 58.7 42.0 80.2 
2 1 4.3 11.1 4.4 3.1 6.0 

7 2 8.7 22.2 5.8 4.1 7.9 
9 1 4.3 11.1 4.3 3.1 5.9 

(subtotal) (9) (39.1) (100.0) (73.2) (52.3) (100.0) 

Whiteware style: 

Decorated 1 4.3 (100.0) 1.6 1.1 (100.0) 
Polychrome 13 56.5 — 65.1 46.5 — 

Total 23 100.0 139.9 100.0 

Site 15 

Brownware class: 

1 5 4.4 4.6 25.9 6.8 7.1 
7 83 73.5 76.9 283.9 74.7 77.7 
8 1 .9 .9 1.7 .4 .5 
11 19 16.8 17.6 54.0 14.2 14.8 

(subtotal (108) (95.6) (100.0) (365.5) (96.2) (100.0) 



A 01 

Count (Frequency = N) Weight (g = grams) 

Per cent Per cent Per cent Per cen 

N total ware 8 total ware 

Whiteware s tyle: 

Undecorated 3 2.7 60.0 7.3 1.9 50.0 

Decorated 1 .9 20.0 3.2 .8 21.9 
Walnut 1 .9 20.0 4.1 1.1 28.1 
(subtotal) (5) (4.4) (100.0) (14.6) (3.8) (100.0) 

Total 113 100.0 380.1 100.0 

Site 16 

Brownware class: 

7 19 61.3 82.6 66.9 51.2 67.4 

11 4 12.9 17.4 32.4 24.8 32.6 
(subtotal (23) (74.2) (100.0) (99.3) (76.0) (100.0) 

Whiteware s tyle: 

Undecorated 2 6.5 25.0 12.1 9.3 38.7 

Sosi 6 19.4 75.0 19.2 14.7 61.3 
(subtotal) (8) (25.8) (100.0) (31.3) (24.0) (100.0) 

Total 31 100.0 130.6 100.0 

Site 17 

Brownware class: 

1 68 29.3 45.6 439.0 39.0 53.7 
2 1 .4 .7 2.8 .2 .3 
7 41 17.7 27.5 252.9 22.5 30.9 
9 6 2.6 4.0 15.0 1.3 1.8 
10 2 .9 1.3 1.5 .1 .2 
11 11 4.7 7.4 27.8 2.5 3.4 
13 20 8.6 13.4 78.8 7.0 9.6 

(subtotal) (149) (64.2) (100.0) (817.8) (72.7) (100.0) 

Whiteware s tyle: 

Undecorated 35 15.1 43.2 128.4 11.4 43.3 
Decorated 13 5.6 16.0 37.1 3.3 12.5 
Sosi 24 10.3 29.6 76.5 6.8 25.8 
Black Mesa 6 2.6 7.4 33.9 3.0 11.4 
Walnut 2 .9 2.5 16.0 1.4 5.4 
Puerco 1 .4 1.2 4.9 .4 1.7 
(subtotal) (81) (34.9) (100.0) (296.8) (26.4) (100.0) 
Black-on-Red 1 .4 — .7 .1 — 

Misc. 1 .4 — 10.0 .9 — 

Total 232 100.0 1125.3 100.0 



Count (Frequency = N) 

402 

Weight (g = grams) 

N 

Brownware class: 

1 35 
2 2 
7 19 
9 11 
11 8 
12 3 
13 12 

(subtotal) (90) 

Whiteware style: 

Undecorated 14 
Decorated 13 
Sosi 12 
Puerco 10 
(subtotal) (49) 

Total 139 

Brownware class: 

1 53 
3 3 
7 11 
8 5 
9 24 
10 2 
11 4 

(subtotal) (103) 

Whiteware style: 

Undecorated 14 
Decorated 15 
Sosi 9 
Walnut 1 
Puerco 1 
Wingate 2 
(subtotal) (42) 

Total 145 

Per cent Per cent Per cent Per cent 
total ware g total ware 

Site 18 

25.2 38.9 215.6 30.3 44.5 

1.4 2.2 15.3 2.2 3.2 

13.6 21.1 92.3 13.0 19.1 

7.9 12.2 52.1 7.3 10.8 

5.8 8.9 25.6 3.6 5.3 

2.2 3.3 28.6 4.0 5.9 
8.6 13.3 54.7 7.7 11.3 

(64.7) (100.0) (484.2) (68.1) (100.0) 

10.1 28.6 81.8 11.5 36.1 

9.3 26.5 31.8 9.5 14.0 

8.6 24.5 63.2 8.9 27.9 

7.2 20.4 49.9 7.0 22.0 
(35.3) (100.0) (226.7) (31.9) (100.0) 

100.0 710.9 100.0 

Site 19 

36.6 51.5 289.8 39.9 56.2 

2.1 2.9 8.4 1.2 1.6 
7.6 10.7 57.7 7.9 11.2 
3.4 4.9 28.3 3.9 5.5 

17.2 24.3 116.9 16.1 22.7 
1.4 1.9 4.6 .6 .9 
2.8 3.9 10.1 1.4 2.0 

(71.0) (100.0) (515.8) (71.0) (100.0) 

9.7 33.3 63.1 8.7 30.0 
10.3 35.7 54.9 7.6 26.1 
6.2 21.4 29.6 4.1 14.1 

.7 2.4 25.3 3.5 12.0 

.7 2.4 20.8 2.9 9.9 

1.4 4.8 16.5 2.3 7.8 
(29.0) (100.0) (210.2) (29.0) (100.0) 

100.0 726.0 100.0 



403 

Count (Frequency = N) Weight (g = grams) 

N 
Per cent 
total 

Per cent 
ware 

Per cent 
total 

Per cen 
ware 

Site 21 

Brownware class: 

7 1 12.5 33.3 2.2 9.1 28.9 

11 2 25.0 66.7 5.4 22.4 71.1 

(subtotal) 3 (37.5) (100.0) (7.6) (31.5) (100.0) 

Whiteware style: 

Undecorated 1 12.5 25.0 2.7 11.2 21.4 

Decorated 1 12.5 25.0 1.0 4.1 7.9 

Red Mesa 1 12.5 25.0 4.8 19.9 38.1 

Walnut 1 12.5 25.0 4.1 17.0 32.5 

(subtotal) (4) (50.0) (100.0) (12.6) (52.3) (100.0) 

Redware 1 12.5 — 3.9 16.2 

Total 8 100.0 24.1 100.0 

Site 22 

Brownware class: 

1 7 11.5 12.3 98.8 24.2 26.5 

2 1 1.6 1.8 5.9 1.4 1.6 

7 18 29.5 31.6 111.3 27.3 29.8 

9 3 4.9 5.3 18.5 4.5 5.0 

10 1 1.6 1.8 2.8 .7 .8 

11 17 27.9 29.8 94.0 23.1 25.2 

13 10 16.4 17.5 42.0 10.3 11.3 
(subtotal) (57) (93.4) (100.0) (373.3) (91.6) (100.0) 

Whiteware style: 

Undecorated 3 4.9 80.0 15.7 3.9 45.9 
Puerco 1 1.6 20.0 18.5 4.5 54.1 
(subtotal) (4) (6.6) (100.0) (34.2) (8.4) (100.0) 

Total 61 100.0 407.5 100.0 

Site 23 

Brownware class: 

1 2 22.2 50.0 28.0 37.9 64.8 

7 2 22.2 50.0 15.2 20.6 35.2 
(subtotal) (4) (44.4) (100.0) (43.2) (58.5) (100.0) 



Count (Frequency = N) Weight (g = grams) 

Per cent Per cent Per cent Per cent 

N total ware 8 total ware 

Whiteware s tyle: 

Undecorated 4 44.4 80.0 21.9 29.6 71.2 
Puerco 1 11.1 20.0 8.8 11.9 28.7 
(subtotal) (5) (55.6) (100.0) (30.7) (41.5) (100.0) 

Total 9 100.0 73.9 100.0 

Site 24 

Brownware class: 

7 5 45.5 71.4 45.6 63.2 79.6 
11 1 9.1 14.2 4.1 5.7 7.2 
12 1 9.1 14.3 7.6 10.5 13.2 

(subtotal) (7) (63.7) (100.0) (57.3) (79.4) (100.0) 

Whiteware s tyle: 

Undecorated 3 27.3 75.0 13.4 18.6 90.5 
Puerco 1 9.1 25.0 1.4 1.9 9.5 
(subtotal) (4) (36.4) (100.0) (14.8) (20.5) (100.0) 

Total 11 100.0 72.1 100.0 

Site 25 

Brownware class: 

1 95 29.6 35.3 387.2 36.3 43.6 
4 1 .3 .4 4.4 .4 .5 
6 2 .6 .7 6.8 .6 .8 
7 134 41.7 49.8 414.8 38.9 46.8 
8 1 .3 .4 2.0 .2 .2 
9 2 .6 .7 4.7 .4 .5 
10 2 .6 .7 4.2 .4 .5 
11 21 6.5 7.8 38.7 3.6 4.4 
12 7 2.2 2.6 15.8 • 1.5 1.8 
13 4 1.2 1.5 8.5 .8 1.0 

(subtotal) (269) (83.8) (100.0) (887.1) (83.3) (100.0) 

Whiteware s tyle: 

Undecorated 15 4.7 30.0 59.0 5.5 34.5 
Decorated 18 5.6 36.0 38.8 3.6 22.7 
Red Mesa 1 .3 2.0 2.0 .2 1.2 
Sosi 9 2.8 18.0 40.9 3.8 23.9 
Black Mesa 2 .6 4.0 5.8 .5 3.4 
Puerco 5 1.6 10.0 24.5 2.3 14.3 
(subtotal) (50) (15.6) (100.0) (171.0) (16.0) (100.0) 
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Count (Frequency = N) Weight (g = grams) 

N 
Per cent 
total 

Per cent 
ware 8 

Per cent 
total 

Per cen 
ware 

Misc. 2 .6 — 7.4 .7 — 

Total 321 100.0 1065.5 100.0 

Site 26 

Brownware class: 

1 1 1.7 100.0 10.5 2.7 100.0 
(subtotal) (1) (1.7) (100.0) 10.5 (2.7) (100.0) 

Whiteware s tyle: 

Undecorated 3 5.1 5.2 22.2 5.7 5.9 

Other 
(Pinedale) 55 93.2 94.8 355.5 91.6 94.1 

(subtotal) (58) (98.3) (100.0) (377.7) (97.3) (100.0) 

Total 59 100.0 388.2 91.6 

Site 27 

Brownware class: 

1 229 50.2 5/. 7 1205.1 56.7 64.0 

2 1 .2 .2 1.6 .1 .1 

4 12 2.5 2.9 32.2 1.5 1.7 
7 62 13.0 15.0 234.2 11.0 12.4 
8 2 .4 .5 4.4 .2 .2 

9 87 18.3 21.0 373.0 17.6 19.8 

11 4 .8 1.0 16.3 .8 .9 
13 7 1.5 1.7 16.7 .8 .9 

(subtotal) (414) (87.0) (100.0) 1883.5 (88.7) (100.0) 

Whiteware s tyle: 

Undecorated 14 2.9 22.6 41.4 1.9 17.2 
Decorated 26 5.5 41.9 93.6 4.4 38.9 

Kiatuth Lanna 3 .6 4.8 19.2 .9 8.0 
Red Mesa 4 .8 6.5 16.8 .8 7.0 

Black Mesa 4 .8 6.5 21.0 1.0 8.7 
Puerco 11 2.3 17.7 48.7 2.3 20.2 
(subtotal) (62) (13.0) (100.0) (240.7) (11.3) (100.0) 

Total 476 100.0 2124.2 100.0 



Count (Frequency = N) 

406 

Weight (g = grams) 

Per cent 
N total 

Brownware class: 

7 13 40. 6 
8 1 3. 1 
9 7 21. 9 
10 3 9. 4 
11 2 6. 3 

(subtotal) (26) (81. 3) 

Whiteware s tyle: 

Undecorated 1 3. 1 
Decorated 1 3. 1 
(subtotal) (2) (6. 2) 
Redware 4 12. 5 

Total 32 h-
1 

O
 
o
 

0 

Brownware class: 

1 12 5. 1 
7 170 71. 7 
8 3 1. 3 
10 4 1. 7 
11 31 13. 1 
12 1 4 

(subtotal) (221) (93. 2) 

Whiteware s tyle: 

Undecorated 8 3. 4 
Decorated 3 1. 3 
Red Mesa 2 • 8 
Sosi 3 1. 3 
(subtotal) (16) (6. 8) 

Total 237 100. 0 

Per cent Per cent Per cen 
ware 8 total ware 

Site 28 

50.0 25.3 35.1 40.2 
3.8 3.3 4.6 5.2 

26.9 18.2 25.3 28.9 

11.5 12.0 16.7 19.1 

7.7 4.1 5.7 6.5 

(100.0) (62.9) (87.4) (100.0) 

50.0 1.1 1.5 47.8 
50.0 1.2 1.7 52.2 

(100.0) (2.3) (3.2) (100.0) 

— 6.8 9.4 — 

72.0 100.0 

Site 30 

5.4 47.4 5.5 5.9 
76.9 646.5 74.9 79.9 
1.4 6.7 .8 .8 
1.8 11.3 1.3 1.4 

14.0 94.7 11.0 11.7 
.5 2.6 .3 .3 

(100.0) (809.2) (93.8) (100.0) 

50.0 30.7 3.6 57.0 
18.8 7.0 .8 13.0 
12.5 2.1 .2 3.9 
18.8 14.1 1.6 26.2 

(100.0) (53.9) (6.2) (100.0) 

863.1 100.0 
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Count (Frequency = N) Weight (g = grains) 

N 

Brovmware class: 

1 23 
6 1 
7 9 

11 8 
13 3 

(subtotal) (44) 

Whiteware style; 

Undecorated 17 
Decorated 21 
Sosi 8 
Puerco 1 
Wingate 2 
(subtotal) (49) 

Total 93 

Per cent Per cent Per cent Per cent 
total ware g total ware 

Site 31 

24.7 52.3 153.8 37.2 62.2 

1.1 2.3 4.7 1.1 1.9 
9.7 20.5 51.6 12.5 20.9 
8.6 18.2 22.6 5.5 9.1 
3.2 6.8 14.4 3.5 5.8 

(47.3) (100.0) (247.1) (59.8) (100.0) 

18.3 34.7 66.9 16.2 40.3 
22.6 42.9 51.2 12.4 30.8 

8.6 16.3 32.4 7.8 19.5 

1.1 2.0 7.2 1.7 4.3 

2.2 4.1 8.3 2.0 5.0 

(52.7) (100.0) (166.0) (40.2) (100.0) 

100.0 413.1 100.0 
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