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PREFACE 

The research reported in this paper was conducted under the 

auspices of the Laboratory of Tree-Ring Research, The University of 

Arizona in Tucson. Grants to the Laboratory by the National Park 

Service supported the fieldwork in 1962 and 1963. Funds provided by 

the Arizona State Museum permitted additional fieldwork in 1964. The 

fieldwork was performed on lands belonging to Navajo National 

Monument, a part of the United States National Parks system, and 

on the Navajo Indian Reservation. Overall direction of the research 

fell to Bryant Bannister of the Laboratory, while I was responsible 

for the fieldwork and the laboratory analyses. 

This report would not exist were it not for the contributions 

of many individuals to all phases of the undertaking the fieldwork, 

the laboratory analysis, and the writing. I am deeply indebted to 

all these people, and it is with distinct pleasure that I gratefully 

acknowledge their assistance. My remarks here are inadequate to 

convey the measure of my obligation to these many individuals. 

Bryant Bannister of the Laboratory of Tree-Ring Research 

perceived the need for and the potential of intensive dendrochrono-

logical analyses of individual archaeological sites and recognized 

the promise of Betatakin for this type of study. The research at 

Betatakin and Kiet Siel was structured largely in terms of his con­

ception of the problem. In addition, he laid the groundwork for the 

study, negotiated with the National Park Service for funds, and 

iii 



iv 

provided overall direction for the research projects. On numerous 

occasions Dr. Bannister took time from his busy schedule to come to 

the assistance of the Betatakin and Kiet Siel dating projects. With­

out his contributions, the value of this research would have been 

sharply reduced. 

Erik K. Reed, as Regional Chief of the Division of Interpre­

tation of the Southwest Region of the National Park Service, and the 

late R. Gordon Vivian, Supervisory Archeologist of the Southwest 

Archeological Center at Globe, Arizona, received the idea of a 

Betatakin dating project with enthusiasm, and their encouragement 

helped make the project a reality. The Southwest Region of the 

National Park Service, through the efforts of Dr. Reed, provided the 

Laboratory of Tree-Ring Research with funds to support the field and 

laboratory work at both Betatakin and Kiet Siel and with permission 

to collect samples at both ruins. The active support and enthusiastic 

cooperation of the Southwest Regional Office is in large measure 

responsible for the success of the field collecting programs. 

My work in the field was made possible and pleasant by the 

active cooperation of a number of individuals. Edward B. Danson, 

Director of the Museum of Northern Arizona at Flagstaff, generously 

allowed me to work under permits issued the Museum by the Navajo 

Tribe and by the Department of the Interior. The personnel of the 

Museum were quick to render assistance whenever the need arose, and 

I am deeply indebted to them for their courtesy. Special thanks are 

due Milton A. Wetherill, Assistant Curator of Mammology, who shared 

with me his unparalleled knowledge of the Tsegi country, of its 
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many archaeological sites, and of the research undertaken there since 

1930. 

The most pleasant memories of my Tsegi Canyon fieldwork 

involve the personnel of Navajo National Monument who far exceeded 

the bounds of hospitality to provide an itinerant dendrochronologist 

with a home away from home. Arthur H. and Mary White, Buddy D. and 

Sina Martin, Keith M. and Joyce Anderson, and Larry and Judy Powers 

extended to me true "western" hospitality at its finest. To Robert J. 

Holden and Robert Laughter I owe many evenings of stimulating and 

enlightening discussion ranging from Tsegi Canyon archaeology to 

existentialist philosophy. I also wish to thank Mr. Holden for 

sharing with me a memorable horseback ride down Dogoszhi Biko into 

the teeth of a torrential cloudburst. At one time or another Ake 

Bigman, Bob Black, Keith Boone, and Terry Gray Mountain members of 

the Monument labor crew assisted in the field work. 

Arthur H. White, Superintendent of Navajo National Monument 

during my three field seasons of work on Tsegi Phase sites, merits 

special credit for the innumerable courtesies he extended me. He 

provided comfortable accommodations both at Monument headquarters 

and at Kiet Siel that not only facilitated my work, but made living 

conditions pleasant in the extreme. He permitted me the full use of 

the facilities of the Monument and in every way made me feel at home. 

Many times he went out of his way to fulfill requests that must have 

seemed rather unusual. Throughout my association with the Monument, 

Mr. White exemplified the Park Service tradition of gracious 

hospitality and cheerful readiness to help. 
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Tree-Ring Research Harold C. Fritts, C. Wesley Ferguson, William J. 

Robinson, and Marvin A. Stokes who gave generously of their time to 

answer innumerable general and specific questions. Association with 

these individuals has greatly enhanced my personal comprehension of the 

promise and problems of dendrochronology. 

The organization and writing of this report reflect the 

assistance of many individuals. My dissertation committee, composed 

of Emil W. Haury, Raymond H. Thompson, and Bryant Bannister, read 

hundreds of pages of copy and offered many cogent suggestions for 

improving the manuscript. Their devotion to this burdensome task in 

large measure enabled me to complete the writing several months sooner 

than anticipated. The constant efforts of the committee to curb my 

verbosity are all that prevented this paper from being even longer 

than it is. Alexander J. Lindsay, Jr., Curator of: Anthropology at 

the Museum of Northern Arizona, generously shared with me his unequaled 

knowledge of Kayenta Branch archaeology and read and commented upon 

parts of the manuscript. His efforts to keep me from venturing too far 

beyond the available data are greatly appreciated. Keith M. Anderson, 

formerly Park Archaeologist at Navajo National Monument, provided me 

with much data on the ceramic complements of Betatakin and Kiet Siel 

and with the benefit of his knowledge of Tsegi Phase material culture 

and technology. Needless to say, none of these individuals is 

answerable for the many shortcomings of this report, for which I 

take full responsibility. 

Marvin A. Stokes of the Laboratory of Tree-Ring Research 

contributed many hours of his valuable time to helping me prepare the 



photographs that illustrate the text. Cheryl A. White, Forrest 

Meader, and John W. Hannah, also of the Laboratory, helped prepare 

the line drawings. Mr. Hannah drafted the final versions of the 

drawings that appear in the report. 

Joyce Drennen and Donald Emslie, Sr. should be mentioned 

here also, for as typist and printer they worked together on the 

dissertation in which the mechanics alone provided a challenge, to 

say the least. My thanks to both of them for their time spent 

answering my multitude of questions, and for their quality workman­

ship in the finished product. 

Finally, I wish to express, however inadequately, my gratitude 

to my wife Pat. She not only helped prepare the manuscript, but also 

participated in the fieldwork at Kiet Siel, where not the least of her 

accomplishments was the regular production of home-baked bread on a 

Coleman stove during driving sand storms. In addition, she managed 

the field camp and handled the details of supplying a camp that 

could be reached only by horse or on foot. Her patience and under­

standing while I was writing the manuscript can never be repaid. 

Her editorial and liaison work during the last stages of organizing 

and writing the dissertation is responsible for the completion of 

the manuscript by the established deadline. 
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ABSTRACT 

Dendrochronology provides two basic types of information 

useful for archaeological interpretation: chronological-archaeological 

and nonchronological. The former derives from the assignment of 

absolute dates to prehistoric remains through the use of the techniques 

of dendrochronological analysis. Nonchronological information of two 

types, cultural-historical and environmental, may be derived from 

archaeological tree-ring collections. Cultural-historical information 

involves the recognition of unique historic events and the identifica­

tion of certain cultural practices, such as the stockpiling or reuse 

of timbers. Recoverable environmental data include the prehistoric 

distributions of various species of tree and paleoclimatic reconstruc­

tions derived from dendroclimatic analyses. 

Most archaeological use of dendrochronological data has 

emphasized the chronological-archaeological aspect. This orientation 

produced a large number of absolutely dated sites that have been 

compared with one another to isolate contemporaneous regional varia­

tions and to study the processes and rates of culture change. However, 

the nonchronological aspects of the data have been neglected, and the 

full potential of dendrochronology for archaeological interpretation 

has rarely been achieved. This paper presents the results of several 

experiments designed to explore and illuminate the contributions 

made by dendrochronological analyses to archaeological interpretation. 
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Two "cliff dwellings" in the Tsegi Canyon of northeastern 

Arizona were selected for this experiment, primarily because their 

large size and excellent preservation guaranteed the existence of 

many in situ timbers. Classificatorally, Betatakin and Kiet Siel are 

contemporaneous and are assigned to the Tsegi Phase, dated between 

1200 and 1300. Attempts were made to sample every suitable timber 

in these sites. When combined with earlier collections, total 

samples of 292 specimens from Betatakin and 540 specimens from Kiet 

Siel are available for laboratory analysis. These collections are 

augmented by comprehensive notes on the provenience and condition 

of each timber and by detailed architectural data. Intensive 

analyses of the tree-ring dates, the species assemblages, the nature 

of the terminal rings, and the prehistoric utilization of timbers 

provide a body of data fundamental to a number of inferences. These 

inferences concern the chronology and internal development of each 

site; the processes by which the villages were founded, peopled, and 

abandoned; the social organization of the villages; a number of 

cultural practices ranging from the structural use of dead wood to 

the stockpiling of timbers for future use; and changes in the 

environments of the sites. The isolation of several significant 

differences between these sites is relevant to the consideration of 

the dynamics of intra-phase cultural variability. 

Eighty-seven dates and less detailed archaeological informa­

tion from 11 other Tsegi Phase sites supplement the data from 

Betatakin and Kiet Siel and provide a basis for a consideration of 

the phase as a whole. The beginning date of the phase is revised 



upward from 1200 to 1250, while the terminal date of 1300 is not 

changed. In the 50 years between 1250 and 1300, about 700 people 

moved into Tsegi Canyon, established a number of villages, and 

departed. These people generally moved in extended family households 

although a large village group occasionally traveled as a unit. The 

problems of integrating the mobile population into large villages 

were met in a way that produced a village organization like that of 

the modern Hopis. Households were integrated into the villages 

through membership in nonlocalized lineages and clans. Ceremonial 

units whose membership crosscut that of the kinship units united the 

lineages and clans into functioning village-wide organizations. No 

evidence for formal inter-village organization exists, although the 

Tsegi Canyon villages probably constituted a loosely defined 

"community" based on close but informal interpersonal relationships. 

After abandoning the Tsegi about 1300, the Tsegi Phase people contrib 

uted heavily to the population of the Hopi Mesas. 



CHAPTER 1. INTRODUCTION 

The Tsegi Canyon system of northeastern Arizona has long been 

known as the locus of a major florescence of Anasazi culture. Its rich 

store of prehistoric remains has drawn the attention of archaeologists 

for over 70 years, beginning with the explorations of the Wetherill 

brothers in the 1890's. They were followed by a host of archaeolo­

gists, among whom are numbered many of the pioneers of that science in 

the Southwest and, indeed, in the United States. Men such as Byron 

Cummings, J. Walter Fewkes, Alfred V. Kidder, Samuel J. Guernsey, and 

Neil M. Judd penetrated deep into this primitive and rugged country in 

response to the lure of the prehistoric riches to be found here. 

The most spectacular of these remains are the large "cliff 

dwellings" such as Betatakin, Kiet Siel, Batwoman House, and Twin 

Caves Pueblo. Betatakin, Kiet Siel, and Inscription House the last 

located 30 miles to the west in the Navajo Canyon system are the 

major sites preserved for the American public by Navajo National 

Monument. Each year several thousand people visit Betatakin, and a 

few hundred venture into the depths of the canyons to reach the more 

isolated ruins of Kiet Siel and Inscription House. 

Despite the fact that almost all of these sites were thoroughly 

excavated many years ago, there is yet potential for much fruitful 

work. This report presents the results of three seasons' dendro-

chronological and archaeological research in Tsegi Canyon on sites 

representative of the Tsegi Phase. Tsegi Canyon, and specifically 
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Betatakin and Kiet Siel, were chosen for study because of their suita­

bility for the testing of a number of ideas pertaining to the archaeo­

logical interpretation of tree-ring data. This subject is discussed in 

detail in Chapter 2. 

The field work was carried out in the summers of 1962-64. 

Financial support for this work was provided by the National Park 

Service, Southwest Region in 1962 and 1963, and by the Arizona State 

Museum in 1964. The first two summers were devoted primarily to the 

collection of tree-ring specimens from a number of Tsegi Canyon sites, 

principally Betatakin and Kiet Siel. The third season was spent in 

mapping and collecting archaeological data from several of the larger 

Tsegi Phase cliff sites. In addition, much valuable information has 

been contributed to this study by the Synthesis of Southwestern Dendro­

chronology Project of the Laboratory of Tree-Ring Research. This 

project, sponsored by the National Science Foundation, has accomplished 

a complete re-analysis of all tree-ring material collected from the 

Tsegi prior to 1962. 

The problems around which this report is oriented are many-

faceted. Generally, they concern the ways in which tree-ring dates 

from archaeological contexts may be interpreted. They stem from my 

conviction that the full interpretive value of tree-ring dating has 

not yet been attained. Specifically, these problems can be divided 

into two categories: (1) archaeological-chronological, and (2) non-

chronological. The former includes the dating of archaeological units 

such as rooms, villages, phases, and pottery types by tree-ring 

analysis. The second refers to purely archaeological problems, such 
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as settlement pattern, and to cultural and environmental inferences 

which may be made from dendrochronological data. The theoretical and 

practical concomitants of these considerations are examined in Chapter 

2 .  

Several terms which appear throughout this report must be 

defined. The usages of these terms here may differ slightly from 

those common in Southwestern archaeology. Such divergences must be 

indicated so as to avoid possible misunderstanding or misinterpreta­

tion. Most of the differences in usage are a result of applying 

restrictive limitations on terms which ordinarily have somewhat 

broader connotations in the literature. These are procedural defini­

tions, set up to make the discussion of various topics more lucid and 

clearly understood. It is hoped that this will eliminate a great 

deal of verbal hair-splitting and descriptive elaboration which would 

otherwise be necessary to clarify the precise meaning of a term each 

time it is used. 

The Kayenta Branch. In this paper the Kayenta Branch is taken 

to mean a geographically bounded variant of the Anasazi cultural tra­

dition, which can be differentiated from other geographically limited 

variants of the same tradition on the basis of the nature of the 

material remains recovered by archaeology. In general, these branches 

are distinguished chiefly on the basis of differences in ceramic 

traditions and assemblages; however, there are other fairly consistent 

divergences which accompany the ceramic differences. The branch is a 

classificatory device based on cultural content and geographic unity, 
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and thus corresponds to what were originally termed subcultures by 

Kidder (1924: 48). 

Thus it is possible to refer to the Kayenta area, the Kayenta 

culture, or the Kayenta people when discussing the archaeological 

remains which belong to this classificatory category. 

Remains typical of the Kayenta Branch are found over a wide 

area of the plateau country of the northern Southwest. Lindsay and 

Ambler (1963: 86) define the limits of the Kayenta area as follows: 

"that part of southern Utah and northern Arizona which extends from 

the Grand Canyon on the west to the Chinle Wash and Monument Valley 

on the east, and lying between the Henry Mountains on the north and 

the southern flank of Black Mesa on the south." George J. Gumerman in 

a paper delivered at the 1966 Pecos Conference in Flagstaff, Arizona, 

extended the geographical limits of the Kayenta Branch south into the 

Little Colorado River Valley to include the Winslow Branch defined by 

Colton (1939: 66-9). This vast area of more than 10,000 square miles 

represents the maximum extent of Kayenta materials through time and 

not at any particular point in time. Kayenta people may never have 

occupied the entire area at any one time, and certainly by the late 

1200's the period with which we are concerned here their geograph­

ical range was much more restricted. In addition, isolated enclaves 

of Kayenta population probably occurred beyond these limits; for 

example, at the Coombs site in southern Utah (Lister and Lister 

1961: 5-10) and at Point of Pines in central Arizona (Haury 1958). 

Tsegi Phase. Colton (1939: 51-9) subdivided the Kayenta 

cultural continuum into six foci, which are referred to in this report 
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as phases in conformity with present practice in Southwestern 

archaeology. The Tsegi Phase was the terminal unit in this sequence 

and was named after Tsegi Canyon, where there are numerous sites 

belonging to the phase. 

Colton (1939: 58, Fig. 11) limits the geographical extent of 

the Tsegi Phase to include Tsegi Canyon and the area immediately 

adjacent. His map (Fig. 11) indicates that it extends as far east as 

Kayenta, as far west as Shonto, and as far north and south as Tsegi 

Canyon itself. A large number of contemporaneous Kayenta Branch sites 

near Navajo Mountain are thus excluded from Colton1s Tsegi Phase. A 

number of these Navajo Mountain sites have recently been found to be 

nearly identical in ceramic assemblage and range of tree-ring dates 

with Tsegi Phase sites in the Tsegi itself. Therefore, it may be 

argued that the geographical limits of the Tsegi Phase should be 

extended to cover the full range of 13th century Kayenta culture. 

However, for purely procedural reasons and for the sake of clarity of 

expression, I am going to adhere to Colton's original definition of 

the spatial range. I feel partly justified in doing this because 

Lindsay, Ambler, Stein, and Hobler (1966), the excavators of these 

sites, do not assign them to any phase, but use the Pecos Classifica­

tion categories for all their materials. This provides a convenient 

and clear method of differentiating between the Navajo Mountain and 

Tsegi Canyon sites without resorting to a great deal of excess verbi­

age. It would be awkward and repetitive to continually refer to "the 

Tsegi Phase occupation of Tsegi Canyon," or "Tsegi Phase sites in 

Tsegi Canyon," or "the Tsegi Tsegi Phase." Therefore, throughout 



this paper the term Tsegi Phase will refer to sites in the Tsegi itself 

and its immediate vicinity. For comparative purposes, the Navajo 

Mountain sites will be referred to by the term late Pueblo III or 

Pueblo III late, the terminology of Lindsay, Ambler, Stein, and Hobler 

(1966: 12). It must be stressed that this is strictly an arbitrary 

distinction on my part. The two periods Tsegi Phase and late Pueblo 

III are contemporaneous and nearly identical in archaeological 

characteristics. Nevertheless, there are minor but distinguishable 

differences which may eventually turn out to be significant. Thus, 

the separation of these two manifestations also serves to guarantee a 

greater degree of comparability among sites referred to as Tsegi Phase. 

Tsegi Canyon. According to the general procedures of naming 

geographic features in the United States, the correct name for Tsegi 

Canyon is Laguna Canyon, as this is the name on file with the U.S. 

Board of Geographic Names. The history of this difference in nomen­

clature is hard to trace. According to John Wetherill (Guernsey 

1931: 3), "Carson" (Kit?) gave the canyon the name Laguna because of 

the lakes then present. This name was also used by Gregory (1916, 

1917), probably based on the United States Geological Survey map of 

1882. Because of this priority, Laguna has become the official 

designation for the canyon. The name Tsegi comes from the Navajo 

language and was probably first applied to the canyon by the Wetherills 

or by Cummings. John Wetherill states a preference for the name Tsegi 

because all the lakes have disappeared (Guernsey 1931: 3). 

I propose to use the name Tsegi for two reasons. First, the 

term, with its numerous associated ideas, is embedded in the 



archaeological literature, and to refer to Laguna Canyon would evoke no 

recognition from the reader. Second, the canyon has a number of major 

branches and tributaries, many of which also possess officially 

accepted names. Thus, the term Laguna applies only to that part of 

the canyons through which Laguna Creek itself flows. Even this name 

is restricted to only the lower half of the main canyon, for the upper 

half is known officially as Long Canyon. Therefore, the terms Tsegi or 

Tsegi Canyon here refer to that entire system of canyons which is cut 

into the Shonto Plateau and Skeleton Mesa and which is drained by 

Laguna Creek and all its tributaries above Marsh Pass (Fig. 1). This 

definition of the term Tsegi is consistent with the common archaeo­

logical usage which denotes a general area rather than to a limited 

stretch of the canyon system. 

Other topographic names used throughout this report are, with 

a few exceptions, taken from the latest United States Geological Survey 

topographic maps, where these are available. A few of these names 

deserve some comment. The term Laguna Creek is now applied to the full 

length of the stream which begins at the head of Long Canyon in the 

Tsegi system and empties into Chinle Wash south of Mexican Water, 

Arizona. In the earlier archaeological literature this stream is often 

referred to as Tyende or Kayenta (Kaenta, Kaente) Creek, both these 

terms being English attempts at rendering a single Navajo word. The 

lower part of this stream below Marsh Pass is sometimes erroneously 

referred to as Tyende Creek even today (Steen 1966: 5, Fig. 3). The 

name Tyende is now assigned to the next major stream south of Laguna 

Creek which rises on the east slopes of Black Mesa and flows 
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northeastward into Chinle Wash. The major stream which drains the 

south slopes of Tyende Mesa is today known as Parrish Creek. In the 

early literature it was frequently referred to as Kaycuddie Wash 

(Beals, Brainerd, and Smith 1945: 72). In this report I have retained 

the familiar spelling of Dogoszhi Biko in favor of Dowozhiebito Canyon, 

which is shown on the U.S. Army Map Series, Marble Canyon, and the 

USGS Boot Mesa 15' quadrangle. The former spelling appears frequently 

in the literature and more closely approximates the correct Navajo 

pronunciation of the word. Topographic features such as Bubbling 

Springs Canyon which do not have official designations are given names 

used by the local inhabitants of the area. 

Something should now be said about the organization of this 

report. Chapter 2 contains a discussion of the theoretical and 

practical aspects of the problems to be attacked in this report. It 

includes definitions of the objectives of the analysis, the different 

ways of approaching the problem through the conjunctive use of archaeo­

logical and dendrochronological data, and an analysis of the techniques 

and assumptions which underlie the archaeological interpretation of 

tree-ring dates. Chapter 3 includes a description of the physical 

environment of the Tsegi Canyon system as it relates to the prehistoric 

Kayenta Anasazi population and to the tree-ring data. Chapter 4 

includes a discussion of the archaeological and dendrochronological 

background to the present study and an outline of previous work in 

the Tsegi which has laid the foundation for the more recent work. 

Chapter 5 contains a discussion of the archaeology of the 

Tsegi Phase with greatest emphasis on settlement pattern and 
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architecture; lesser emphasis on pottery; and least emphasis on other 

criteria, such as nonceramic material culture, burial patterns, and 

physical type. These priorities in emphasis are determined by the 

nature of the data available at this time. Settlement pattern and 

architecture, of course, are most directly related to the tree-ring 

dates, for the dates usually come from beams which are integral struc­

tural members of various architectural features. Tree-ring dates are 

only indirectly associated with the cultural items generally found in 

the structures which are dated. For this reason and because no 

detailed studies of Tsegi Phase material culture have yet been 

published, this aspect of the archaeology receives slight attention. 

Ceramic analysis plays a much smaller role in this report than it 

deserves. Despite the fact that the total ceramic content of the 

Tsegi Phase is fairly well known, it is almost impossible to get an 

accurate analysis of the ceramic assemblage of any one of the sites to 

be considered because they have all been excavated. This excavation 

was accomplished before it became customary to save large numbers of 

sherds; consequently, only small, recently made surface collections 

exist, all biased by the disturbance of the original excavations and 

by the depredations of decades of subsequent visitor traffic. 

Chapter 6 covers the techniques employed in the collection 

and analysis of the data as well as the formats by which the various 

data are presented in subsequent chapters. Chapters 7 and 8 contain 

detailed chronological analyses of Betatakin and Kiet Siel respectively. 

These two sites are responsible for the vast majority of the tree-ring 

specimens collected in 1962-63. Furthermore, because of excellent 

i 
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preservation, both sites provide much of the archaeological data 

embodied in Chapter 5. Chapter 9 includes chronological analyses of 

twelve additional Tsegi Phase sites. Since these sites are either much 

smaller than Betatakin and Kiet Siel or have only a few tree-ring dates, 

they require a less detailed type of analysis than do the two larger 

sites. Kiet Siel and Betatakin provide the interpretive framework 

within which the less well represented sites are analyzed. 

Chapter 10 contains a brief summary of the analyses and draws 

together the conclusions derived therefrom, including an organized 

synthesis of the dated history of the Tsegi Phase occupation of the 

canyon. 



CHAPTER 2. THE PROBLEM: THEORY AND PRACTICE 

The work of which this report is a result was conceived as an 

experiment designed to investigate the application of tree-ring dating 

to the refined interpretation of archaeological phenomena. The study 

began with a thorough analysis of material from Betatakin. The results 

were better than had been initially hoped and amply fulfilled the 

objectives of the experiment. The Betatakin study not only provided 

answers to questions that had been asked in devising the experiment, 

it also answered questions that had not been anticipated. Thus, it 

greatly increased our knowledge of the range of interpretive problems 

which could be attacked through dendrochronological analyses. With 

this sharpened sense of problem, a study with objectives formulated 

on the basis of the Betatakin project was made of Kiet Siel. Again 

the rewards were greater than anticipated, in that new interpretive 

problems were indicated and answered by the Kiet Siel data. Thus, 

several of the problems toward which this report is oriented are 

a posteriori in nature, in that they were suggested by the data rather 

than anticipated in the research design. The experiment, set up to 

explore the interpretive possibilities of tree-ring dating, was an 

unqualified success. 

11 
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THE PROBLEMS 

The interpretive problems upon which dendrochronological data 

can be brought to bear may be divided into two broad categories: 

archaeological-chronological problems, and nonchronological problems. 

The first archaeological-chronological problem to be considered 

is, of course, the dating of a single archaeological site. It has been 

general practice in Southwestern archaeology to collect tree-ring 

specimens from a site, date them, and analyze the dates with reference 

to the site as a whole. This approach has produced a long list of 

Southwestern dated sites. With a few exceptions, little attention has 

been given to chronological variation within a single site, except in 

terms of gross differences, such as the existence of two or more widely 

separated clusters from a site as indicative, for example, of abandon­

ment and reoccupation (Gladwin 1945: 128-9). Usually this has been due 

less to lack of desire than lack of opportunity. Many sites were 

collected for the chronological value of the material rather than 

specifically for archaeological interpretation, and the provenience 

control on individual specimens often does not go beyond a record of 

the particular site involved. A notable exception to this generaliza­

tion and a valuable indicator of the potential of refined analyses of 

tree-ring dates is Haury's work at the Canyon Creek Ruin, where he was 

able to demonstrate the construction sequence of a number of rooms 

(Haury 1934: 55-8). 

Analyses such as Haury's are possible with tight provenience 

controls on each tree-ring specimen. Given such controls and certain 

favorable site circumstances, much more than a dated site is possible. 



Small architectural units such as rooms can be dated. A room-by-room 

analysis may yield the sequence and the interval of time in which rooms 

were added to the site. Combining the dates for individual rooms 

within a single room block may result in a series of dated house groups 

within the site as a whole. This type of analysis also yields valuable 

information on the rate of growth of the village. Thus, one objective 

of this study is to establish intra-site chronological relationships 

as part of the larger problem of dating an archaeological site. 

A second archaeological-chronological problem considered is 

the temporal relationships among closely related and supposedly 

contemporaneous sites. This amounts to an analysis of intra-phase 

chronological relationships. It involves not only the gross considera­

tion of the sites as dated units, but also a comparison of the internal 

fluctuation of construction activity from site to site, as shown by the 

tree-ring dates. Bannister (1965: 200-1) has presented a similar 

analysis for a group of contemporaneous sites in Chaco Canyon, New 

Mexico. 

The final archaeological-chronological problem considered is 

the definition of the temporal limits of the Tsegi Phase. The large 

number of well-dated sites belonging to this phase provides the basis 

for this analysis. Furthermore, the precise provenience controls 

available for each specimen lead, in most cases, to the elimination of 

those dates not truly associated with the phase, thus enhancing the 

reliability of the phase dating. Therefore, one result of this study 

is the precise delimitation of the temporal span of this distinctive 

well-defined taxonomic unit. This has important implications for the 
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general concept of phase and for the study of cultural dynamics on an 

inter- and intra-phase level. 

Nonchronological problems to which dendrochronological analyses 

may be applied fall into two subcategories: cultural-historical and 

environmental. 

Problems of a cultural or historical nature are many and 

varied. Some of these have been considered previously, while a few 

are new to this report. Not all these problems are capable of examina­

tion or solution at any one site; much is dependent on the nature of 

the data from a particular site, which often is a product of the unique 

history of that site. Therefore, a broad range of possibilities is 

indicated below; the actual realization of these possibilities is 

discussed under the appropriate sites. 

Solutions to certain problems of population can be abstracted 

from the tree-ring data. For example, the dated sequence of intra-

site architectural groups would provide information on the rate of 

growth of the site and thus, indirectly, on population changes. The 

time of maximum village population may be inferred in certain 

instances. Supplementary information on the nature of certain social 

units may be derived from the analysis of the architectural units by 

whose accretion the villages grew. 

Evidence for a number of cultural practices is present in the 

tree-ring data. The methods of extracting this evidence are discussed 

under the individual sites, where concrete examples are available. It 

will suffice here to indicate the kinds of cultural practice which are 

! 
susceptible to examination through the data. Several of these 
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practices have been discussed by previous writers and served to help 

structure the design of the research. Others are new and resulted 

directly from the analysis of the Tsegi data. 

Four different cultural practices may be inferred from the 

careful analysis of the clustering of dates, especially if there are a 

number of cutting dates combined with knowledge of the exact proveni­

ence and condition of the dated beam (Bannister 1962: 512-13). One 

such practice is the stockpiling of timbers for future construction 

work. Bannister (1965: 151) demonstrated this practice at Chetro Ketl 

in Chaco Canyon, New Mexico. The use of freshly cut timber to repair 

older structures may be detected (Bannister 1962: 509). Conversely, 

the reuse of wood from structures of an older period can also be 

recognized. Douglass (1929: 754) cites the example of a beam at 

Oraibi which was used and reused over a period of four centuries. The 

use of dead wood for constructional purposes is a problem related to 

that of the reuse of timbers in that the empirical evidence for these 

practices is the same; however, they represent quite different cultural 

practices. Some sort of supplemental evidence is necessary to dif­

ferentiate reused beams from deadwood timbers, and such evidence is 

not always present. 0'Bryan (1949) discusses the use of dead trees 

on an early (Basketmaker II) time level, but except for Douglass' 

(1935: 47-8) consideration of the problem at Wupatki, it has been 

virtually ignored in reference to later materials. 

Types of evidence other than the clustering of dates must be 

used to isolate other cultural practices. Nichols and Smith (1965) 

present evidence from Mesa Verde for the repeated limbing of living 



trees, which may indicate the intentional care and "harvesting" of 

certain trees. Analysis of insect tunnels in beams from Long House 

and Mug House on Wetherill Mesa enabled Graham (1965: 172-4) to 

suggest that the inhabitants of these villages may have left freshly 

cut trees lying out so that phloem-eating beetle larvae could loosen 

the bark for easier removal. The presence or absence of bark on beams 

indicates either the presence or lack of a cultural preference for 

peeled beams. Scott (1966: 35-6) was able to demonstrate the pre­

historic artificial shaping of beams at Casas Grandes in northern 

Mexico. Insight into the differential use of various species of wood 

may be abstracted from the correlations among the several species and 

the various use-categories to which they may be assigned. 

Much may be learned about the activities involved in tree 

felling and wood working. A number of lines of evidence can be 

combined to indicate whether the felling of trees for constructional 

purposes was a communal or individual task; whether or not it was 

patterned seasonally; if so, at what time of year it was usually done; 

and what sort of methods were used in the task. Careful analyses of 

the marks made by tools on prehistoric timbers and wooden artifacts 

would yield valuable information on the tools and techniques of wood 

working. 

A number of unique historical incidents may be inferred from 

the tree-ring data. However, this kind of situation cannot be antic­

ipated in setting up a research design. Therefore, the reconstruction 

of historical events is almost entirely ex post facto. Douglass' 

(1935: 45-7) hypothesis of the deforestation of Chaco Canyon is an 



example of such a unique historical event recognized through the study 

of tree-ring data. 

Problems of prehistoric environment may be approached by two 

routes using tree-ring data. The first of these involves the compari­

son of the prehistoric assemblage of tree species as represented at an 

archaeological site with the range of tree species presently growing 

in the area. This approach provides insight into the changes under­

gone by the local environment in the years between the two points of 

comparison. This approach is also valuable in assessing the effects of 

man's activities on his environment, as illustrated by Douglass1 con­

sideration of the deforestation of Chaco Canyon. 

The second approach to environmental problems lies in the 

analysis of the relationships between variations in ring width and 

fluctuations in the trees' external environment, primarily climate. 

This extremely complex series of problems has been a primary concern 

of dendrochronology since its inception. Indeed, postulated relation­

ship between tree growth and climate led Douglass to begin his studies 

of tree rings and, ultimately, to found the science of dendrochronology 

(Douglass 1919: 9). 

Much of the dendrochronological literature takes as its basic 

theme the relationship between climate, particularly precipitation, 

and tree-ring width variation (Douglass 1919, 1928, 1936; Glock 1937; 

Schulman 1956). Today this particular aspect of dendrochronology is 

one of the most interesting and potentially enlightening aspects of 

the science. The ability to reconstruct past climatic conditions 
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would be of inestimable value to archaeologists, as well as to students 

of climate, geography, and geology. 

Archaeologists have been sensitive to the climatological possi­

bilities of dendrochronology ever since Douglass (1935: 48-9) postu­

lated a series of prehistoric droughts on the basis of long range 

tree-ring chronologies. Some of these "droughts" have been used as 

pegs upon which to hang various theories intended to explain certain 

trends and events perceptible in the archaeological evidence. The 

classic example of this is the "Great Drought" of 1276 to 1299. 

Douglass (1929, 1935: 39, 48-9) was the first to point out the possible 

culture-historical importance of this period, and archaeologists were 

quick to utilize the drought to at least partially explain the great 

population movements which took place at the beginning of the 13th 

century (Haury 1935: 107; Hargrave 1935a: 53). The Great Drought and 

the Great Drought theory of abandonment have had a number of vociferous 

opponents, most notably Gladwin (1947, 1957: 298-9) and Jett (1964). 

Quantities of printer's ink and paper have been devoted to the Great 

Drought debate, with very little ever being settled, primarily because 

the opposing stands are based on the same data data which have not 

been appreciably augmented since Douglass' original mention of the 

drought. Bannister points out the danger in using relative measures of 

climatic fluctuations "to explain away highly intricate archaeological 

situations and cultural behavior" (Bannister 1963: 174). 

Many extremely intricate variables intervene between archaeo­

logical data and variations in tree growth. Before one can even 

attempt to use the latter as an aid in interpreting the former, these 



variables must be recognized, analyzed, and taken into account. 

Primarily, these variables are concerned with the biological nature of 

tree growth and its relationship to various climatic parameters. Only 

recently have refined physiological and statistical techniques been 

employed in an effort to solve these particular problems (Matalas 1962; 

Fritts 1963). All this has been made possible by the use of electronic 

computers which can sift through mountains of data and make the 

innumerable calculations necessary in these types of analysis. Fritts, 

Smith, and Stokes (1965) discuss many of these problems, so a lengthy 

treatment is not necessary here. 

Douglass (1919: 65-73) first demonstrated a mathematical 

correlation between precipitation and tree growth in lower forest 

border trees in the Southwest. The most significant correlations were 

achieved between ring widths and winter precipitation (Douglass 1928: 

98). His studies produced a model which attributed variations in tree 

growth to the supply of soil moisture during the growing season, which 

was thought to depend on the amount of precipitation and evapotranspi-

ration before and during the growing season. This model was accepted 

by Southwestern dendrochronologists and archaeologists. A wide ring 

was assumed to indicate a wet winter and a narrow ring a dry winter. 

The widespread acceptance of this model has contributed to the Great 

Drought debate in Southwestern archaeology. Both Gladwin (1947) and 

Jett (1964: 282) argue that dry or wet winters would have little 

effect on Indian crops and, therefore, that tree-ring recorded 

"droughts" are of little value for the interpretation of archaeo­

logical data in the Southwest. 
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Recent work by the Laboratory of Tree-Ring Research on Mesa 

Verde (Fritts, Smith, and Stokes 1965) and at a physiological experi­

ment station on Mount Bigelow in the Santa Catalina Mountains near 

Tucson (Fritts 1965a) has illuminated many facets of this extremely 

complex problem. These studies have led Fritts (1965a: 876) to postu­

late a new model for the relationships between tree growth and the 

environment (Fritts 1965a). This model emphasizes the importance of 

stored food supplies rather than soil moisture in controlling tree 

growth. Thus, climatic factors which affect the production of food 

by the tree indirectly affect growth. This model supersedes the old 

residual soil moisture model which has not withstood refined analysis. 

The new model involves a complex system of interacting climatic and 

physiological processes (Fritts, Smith, and Stokes 1965, Fig. 9). 

While a myriad of climatic factors enter into this network of rela­

tionships, precipitation and temperature exert the strongest influences 

on food production and tree growth. 

Although this model appears extremely difficult to interpret 

and less useful in archaeological interpretation, it holds much more 

promise than did the simpler, but less accurate, soil moisture model. 

The greater interpretive reliability coupled with refined statistical 

analyses permits much more accurate and detailed reconstructions of 

prehistoric climates than has heretofore been possible. 

An indication of the possibilities inherent in paleoclimatic 

reconstruction is found in Fritts (1965b) analysis of the patterns of 

climatic change in western North America from A.D. 1501 to 1940. The 

results are best seen in the series of synoptic maps of regional 



variations in climate (Fritts 1965b: 433-41). These maps show areas of 

high and low precipitation throughout western North America for over­

lapped ten-year intervals throughout the 440-year period considered. 

The maps graphically illustrate the changing patterns through time of 

relatively drier and wetter conditions over this area. When this type 

of analysis is applied to the various regional chronologies now being 

built in the Southwest, it will be possible to construct a similar 

series of maps for this more restricted area. These maps will show 

the localized occurrence of wet or dry conditions throughout the 

region and the changes which take place through the span of human 

occupation. It may be possible to begin this analysis as early as 

A.D. 400 and to continue it up to the present. When the regional 

climatic patterns and their changes are correlated with the archaeo­

logical record and the known movements of prehistoric peoples through­

out the period covered, a much better understanding of the effect of 

climate on the culture-history of man in the Southwest will be 

possible. The Laboratory of Tree-Ring Research is at present engaged 

in a program of building a series of regional archaeological 

chronologies for the northern Southwest which will serve as the 

basis for paleoclimatic reconstructions. The day may not be too far 

off when knowledge of regional climatic variations throughout the 

Southwest for a period of 1500 years will be available to aid the 

archaeologist in understanding and interpreting the data that he 

recovers from the ground. 

Despite the great strides made toward a better understanding 

of the relationship between climate and tree growth, and, therefore, 



a greater ability to reconstruct paleoclimatic conditions, the attempt 

to integrate this information with the archaeological record is frought 

with a number of hazards. Chief among these are the problems of how 

human communities respond to environmental changes not only gross 

long-range changes, but also minor short-term fluctuations. A vast 

number of variables enter into any attempt to solve these problems: 

the cultural attainments, nature of the social organization, and sub­

sistence technology of the people involved; the kind and degree of the 

environmental changes involved; and the physical environment which is 

being changed in some way. 

The cultural problems alone are extremely intricate and have 

received a considerable amount of attention in the anthropological 

literature. Steward (1955) has developed a theory which attempts to 

explain the nature of the relationship between a culture and the 

environment within which its human bearers live. This rigidly empir­

ical theory involves the concept of a dynamic balance between a 

culture and the environment which may be upset by change in either 

aspect. Such changes initiate a condition of disequilibrium which is 

ultimately alleviated after a period of adjustment which produces a 

new and different balance. This theory is especially useful in 

archaeological interpretation, because the kinds of data it requires 

can be recovered from archaeological situations. Such dynamic or 

systemic approaches to the archaeological aspects of culture, culture 

change, and culture-environment relationships are undoubtedly the 

most suitable for any attempt to relate the prehistoric climatic 

parameters derived from studies of tree growth to the cultural and 



historical changes and events which can be extracted from the archaeo­

logical record. 

Another basic problem arises at this juncture. What is the 

nature of the influence of the climatic factors recorded in tree growth 

on the actions of the people who endured such changes? A series of 

interrelated phenomena control or affect this relationship. Do ring 

widths record environmental phenomena which directly affect human com­

munities by influencing certain aspects of their culture, such as 

subsistence patterns? For example, does a drought directly cause the 

people to alter their agricultural techniques as an intentional 

response to the dry conditions? Does the drought cause crop failures 

because a society's agricultural technology is not advanced enough to 

be able to offset the lack of atmospheric moisture? Or do ring widths 

record factors which, through their influence on other environmental 

phenomena, affect human communities indirectly? For example, do 

droughts cause excessive erosion or shifts in plant and animal com­

munities which might affect the subsistence capabilities of a group of 

people? These are questions which must be answered before meaningful 

cultural-historical correlations of the archaeological record with 

tree growth can be made. 

Despite the extremely complex nature of these problems, the 

Tsegi data are sufficient enough to at least make an attempt to solve 

some of them. This attempt should be viewed as an experiment 

designed more to test the possibilities than to arrive at a grandiose 

final solution. Neither the data nor our knowledge of the dynamics 

of the culture-environment relationship are sufficient to permit it. 
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Nevertheless, within the bounds of the limitations cited above, the 

Tsegi data do permit a number of inferences to be made, some of which 

may be advanced as hypotheses for future testing. This involves the 

conjunctive use of all data bearing on the past environmental condi­

tions in Tsegi Canyon and the Colorado Plateaus province, whether 

tree-ring, geological, archaeological, or historical. Therefore, one 

of the problems considered in this report is the effects environment 

and environmental changes may have had on the culture-history of the 

Tsegi Phase people. 

NECESSARY CONDITIONS FOR THE ANALYSIS 

The objectives of this study impose a number of stringent con­

ditions on the data that are to be used to attain them. The nature of 

ring series best for chronology building and most susceptible to 

climatic analyses and the factors which produce them, have been dis­

cussed by Schulman (1956), Fritts, Smith, Cardis, and Budelsky (1965), 

Fritts, Smith, Budelsky, and Cardis (1965), and Fritts (1965a). There­

fore, there is no need to consider this matter here. 

My main concern here is to point out the types of data that are 

needed for the refined chronological and nonchronological interpreta­

tions of the tree-ring material in its archaeological context. 

Several rather limiting conditions must be met before this type of 

study can be undertaken. 

First, and most important, the exact provenience of each 

specimen must be known. This requirement is crucial to any detailed 

analyses of either the dates themselves or of other factors, such as 
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species distribution or use-categories. Its importance cannot be over­

emphasized. It is not sufficient merely to know that a date comes from 

a particular site or even from a particular room within a site. For 

purposes of these analyses, it must be known whether the specimen comes 

from a roof, from a firepit, or from a wall; and if from a roof, 

whether it is from a primary or secondary beam. Only in this way can 

the fullest interpretive utilization of tree-ring data be attained. 

Second, there must be a large number of dates available from 

as many intra-site structural units as possible, in order to provide 

complete coverage of the site. In practice, this means a 1007o sample 

to ensure that every possible date may be derived, and that the 

possibility of missing something by omission is minimal. Statistical 

sampling procedures are not adequate for the solution of these prob­

lems, because they simply could not provide the necessary detail. 

Third, there must be a high percentage of cutting dates. Non-

cutting dates, while valuable time-period indicators, are, by defini­

tion, useless for the types of analysis contemplated. 

Fourth, in addition to precise provenience control, detailed 

notes must be taken on the individual beam or post from which the 

specimen comes. These notes should record the presence of beetle 

galleries, bark, smoke staining, weathering, stone-ax marks, or any 

other conditions which may be present on the beam, as well as its 

diameter at the butt. Such information is often necessary to determine 

which dates are cutting dates, and is invaluable in interpreting the 

dates which are derived. For example, if it can be shown that a single 

beam that gives an earlier date than any others in a particular room is 



heavily weathered, while the others are not, the inference that it is a 

reused timber is strengthened immeasurably. Many additional examples 

of the value of this,type of information are found below in the 

analysis of the dates. 

Fifth, detailed information on the structural unit in which a 

timber is found must be recorded. This information is a valuable guide 

in interpreting the dates. Wall abutment patterns often give clues as 

to the order of construction of two or more rooms, and thus aid in the 

interpretation of the dates from the rooms. Often the features of a 

structure preserve evidence of repair or modifications that cannot be 

perceived in the distribution of tree-ring dates. Conversely, the 

inference of repair work from the dates is often confirmed by purely 

architectural evidence. 

Finally, it is necessary to record the range of tree species 

growing in the area at present in order to compare them to the 

assemblages of tree species found in the prehistoric sites to get an 

indication of the environmental changes which have taken place since 

the construction of the sites. 

All these conditions are met by the Tsegi data, particularly 

those from Betatakin and Kiet Siel. Indeed, these sites were selected 

for intensive study precisely because these limiting conditions were 

met. The problems of provenience control are simplified by the excel­

lent preservation of both sites, which results from their locations in 

dry caves. Many roof beams are still in place and can easily be dis­

tinguished from those used in jacal walls or as firewood. Such is 

often not the case in open sites where burned roofing material 



frequently cannot be segregated from firewood. The high degree of 

preservation also permits the taking of detailed notes on the beams 

and on the structural details of architectural units. The need for a 

high percentage of cutting dates is also satisfied by the good pres­

ervation; the beams have been subjected to little or no weathering. 

Furthermore, the fact that the specimens are of good sound wood 

increases the incidence of cutting dates. While a 100% sample of any 

site is rarely attained, the Betatakin and Kiet Siel collections 

closely approach that ideal, a factor which further enhances the 

interpretive potential. 

THE INTERPRETATION OF TREE-RING DATES 

Bannister (1962) presents a lucid and comprehensive analysis 

of a number of factors which influence the interpretation of archaeo­

logical tree-ring dates. He defines and describes four types of error 

which may be made and analyzes the interpretive situations which give 

rise to each of them. The four types of error are defined by the 

combinations of two aspects of the interpretive situation, each of 

which is divided into two mutually exclusive subcategories. The first 

of these aspects is the association between the dated tree-ring 

specimen and the archaeological feature to which the date is applied. 

Two types of association are recognized. Direct association occurs 

when the date is applied to a feature of which the specimen is an 

integral part; for example, the association between the date from a 

ceiling beam and the room in which the beam is found. Indirect 
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association occurs when the date is applied to a feature of which the 

specimen is not an integral part; for example, the attempt to date the 

artifactual contents of a room by the use of tree-ring dates derived 

from the ceiling beams of that room. The second aspect involves the 

chronological relationship between the date and the feature to be 

dated; that is, whether the date is correct or incorrect, and, if 

incorrect, whether it is too early or too late. 

The four types of error that result from the combinations of 

direct or indirect association and early or late dating are (Bannister 

1962: 508): 

Type 1. The association between the dated tree-ring 
specimen and the archaeological manifestation being dated is 
direct, but the specimen itself came from a tree that died or 
was cut prior to its use in the situation in question. 

Type 2. The association between the dated tree-ring 
specimen and the archaeological manifestation being dated is 
not direct, the specimen having been used prior to the feature 
being dated. 

Type 3. The association between the dated tree-ring 
specimen and the archaeological manifestation being dated is 
direct, but the specimen itself represents a later incorpora­
tion into an already existing feature. 

Type 4. The association between the dated tree-ring 
specimen and the archaeological manifestation being dated is 
not direct, the specimen having been used later than the 
feature being dated. 

Bannister (1962: 510) offers two methods of resolving these 

types of error. "Errors of Type 1 and Type 3 varieties are particular­

ly amenable to correction^through the use of tree-ring date clusters, 

providing that there are enough dates available with which to work" 
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(Bannister 1962: 510). In other words, individual dates which are 

earlier or later than the majority of dates from any feature indicate 

errors of these types. The clustering of archaeological traits is 

suggested as a method for solving errors involving indirect associa­

tion, thus, errors of Types 2 and 4. This involves the use of archaeo­

logical context to infer whether the dates actually apply to the 

archaeological materials with which they are indirectly associated. 

Bannister's four types of error are conclusions about objec­

tive data derived from that data. While the nature of the association 

can be directly observed, the dating factor can be determined only by 

the analysis of the data. The four types of situation cannot be 

recognized except on the basis of data which are also used to inter­

pret them. Thus, his analysis cannot be applied a priori to describe 

concrete interpretational situations which are isolated in the field 

data. They can be applied only after the interpretation has been 

completed. In order to resolve this seeming impasse, I propose to 

reverse Bannister's approach and examine the ways in which these con­

clusions are produced from the data at hand. It hardly need be stated 

that the interpretation of tree-ring dates is an exercise in inference. 

The conclusions about the data, described as the four types of possible 

error, result from inferences made on the basis of those data in con­

junction with other pertinent facts. Thompson's (1958) analysis of the 

inferential process is used as a framework for my discussion of the 

interpretation of tree-ring dates. 

Thompson outlines three guiding principles for the making of 

inferences and describes how they apply to the data with which 



archaeologists work. His analysis is followed here to show that it 

applies also to tree-ring data. 

The first principle is that of context, which "defines the 

area of knowledge to which an inquiry pertains.... It is from the con­

text that the greater part of the data necessary for the making and 

testing of inference is derived" (Thompson 1958: 2). Thompson points 

out that because the data consist of observations of the results of 

human behavior, the context of any archaeological inquiry is cultural. 

He then develops the thesis that Osgood's (1951: 208) definition of 

culture provides a conceptual framework for the making of cultural 

inferences from archaeological data. Finally, Osgood's concept of 

techniculture the behavior associated with the manufacture and use 

of material objects, combined with the perceivable attributes of the 

material objects is viewed as the best avenue of approach to the 

making of cultural inferences from the limited segment of the total 

culture available to the archaeologist (Thompson 1958: 2-3). This 

same approach can profitably be taken in the interpretation of tree-

ring data from archaeological contexts. 

The application of Thompson1s analysis to the context within 

which tree-ring data are interpreted is complicated by the fact that 

more than one context is involved. One of these contexts is cultural, 

just as it is for any archaeological inquiry. The wood or charcoal 

which is recovered from a site is there as a result of human activity. 

A roof beam is just as much an object of techniculture as is the stone 

ax that was used to shape it, or the behavioral patterns that went 

into its cutting, transportation, shaping, and ultimate use. 



Therefore, the interpretation of tree-ring dates takes place within a 

cultural context. 

In my opinion, this factor cannot be overemphasized. The date 

from an archaeological specimen, as a result of its association with 

the artifact, is a part of techniculture which can be observed by the 

archaeologist. Therefore, a tree-ring date is an integral part of the 

archaeological data from a site and cannot validly be separated from 

these data. This is the fallacy involved in Gladwin's oft-repeated 

contention that when tree-ring dates conflict with the archaeological 

evidence, preference should be given to the latter over the former, 

which at best is a mere adjunct to archaeological interpretation 

(Gladwin 1943: 59, 65, 68; 1944: 25; 1945: 90-1, 118-30; 1946: viii, 

5-6). I take the position that the tree-ring dates if they are 

correct, as the vast majority are cannot conflict with the archae­

ology, because they are part of the archaeology. At any rate, Gladwin 

is not referring to a conflict between tree-ring dates and the objec­

tive archaeological data, but to a conflict between the tree-ring dates 

and an interpretation of the archaeology. No one is justified in 

ignoring tree-ring dates because they do not conform to his interpre­

tations, any more than he is justified in ignoring the presence of a 

particular pottery type for the same reason. It is up to the archae­

ologist to interpret dates which he considers aberrant by using the 

same inferential processes he would for any other data from his site. 

In most cases the full range of data available will contain the 

information necessary to explain the date or dates which appear to be 

out of line. 
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A second context within which tree-ring dates are interpreted 

is absolute time. The dates, in the abstract, may be completely 

divorced from the wood from which they come and interpreted within a 

chronological frame of reference. The dates from a site can be com­

pared with each other, with the absolute time scale provided by the 

Christian calendar, and with dates from other sites. Even in this 

type of analysis a cultural factor is present, in that the groups of 

dates compared are defined on the basis of some sort of cultural 

package: a site, a region, a phase. Nevertheless, it is convenient 

to isolate a chronological context for purposes of the analysis of 

the inferential interpretation of tree-ring dates. It may be useful 

to think in terms of different conceptual levels defined on the basis 

of cultural criteria within which the chronological context can be 

isolated. Thus, a number of dates from a site can be interpreted 

quite apart from any consideration of their cultural context within 

the site. This type of analysis has produced the large number of 

"Southwestern dated ruins" listed in the literature (Douglass 1935: 

50-4; Stallings 1937; Smiley 1951). The use of the clustering of 

dates, so important in resolving many dating problems, is an excel­

lent example of inference within the context of chronology. 

Another context involved in the interpretation of tree-ring 

dates is biological. This, of course, derives from the fact that 

the trees that supplied the raw material for the prehistoric builder, 

and from which the dates are derived, were once living organisms. 

Most of the biological background data for the interpretation of 
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tree-ring dates comes from the analysis of the structure and physiology 

of trees. 

Knowledge of the internal structure of trees is the foundation 

of dendrochronology. The recognition of cell and ring structures is 

essential to the identification of the ring patterns which provide the 

dates. Structural knowledge also provides the basis for the identifi­

cation of true cutting dates. A cutting date is defined as the year 

in which a tree dies, whether of natural causes, by catastrophe such as 

fire or flood, or by the hand of man. The importance of being able to 

recognize cutting dates for archaeological interpretation is obvious 

(Bannister 1962: 511). Most of the external conditions which indicate 

a cutting date—the presence of bark, phloem-beetle galleries, the 

so-called L condition (see Chapter 6 for an explanation of these 

features)---are recognized through knowledge of the structure of trees. 

The physiology of a tree is responsible for its structure, but 

it is of little concern in the interpretation of archaeological dates. 

It is of vast importance, however, in the attempt to establish the 

existence of relationships between variations in ring width and 

climatic fluctuations. The only approach to such problems is through 

the study of the life processes of the trees. In the analysis of the 

tree-ring data from a number of Tsegi Phase sites, whether or not the 

final ring on a specimen is complete or incomplete assumes consider­

able importance. The inferential significance of this factor derives 

entirely from its biological context, and yet it is of value in making 

purely cultural inferences. 
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The interpretation of archaeological tree-ring dates thus takes 

place within at least three contexts: cultural, chronological, and 

biological. As in any archaeological analysis, the first of these is 

the most important. However, the use of all three contexts in con­

junction is the best approach to the problems, for only in this way can 

the maximum contribution of dendrochronology to archaeological interpre­

tation be realized. This report is in part an attempt to demonstrate 

the utility of such an approach. 

The second guiding principle is that of indication. "Indica­

tion is that quality of the evidence which describes its inferential 

possibilities. It is the indicative quality of data which makes 

inference possible. An indication suggests a conclusion. The leap to 

this conclusion (and the test of its probability) is an inference" 

(Thompson 1958: 3). Thus, the material data and the associational 

constellations in which they are found provide the foundation for the 

inference. Osgood's concept of techniculture is a recognition of the 

principle of indication, in that it recognizes that material objects 

in themselves provide the data from which inferences may be made about 

the behavior that went into their manufacture and use (Thompson 1958: 

3). Again, this viewpoint is valid for the interpretation of tree-

ring dates within the cultural context. Within the chronological and 

biological contexts the concept of techniculture does not apply; how­

ever, the principle of indication is just as fundamental to making 

inferences within these two contexts. 

Finally, there is the principle of testing, about which 

Thompson (1958: 3) says: 
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An indication suggests the possibility that the materials of an 
indeterminate situation are capable of being expressed in a 
more determinate way. The transition to the conclusion that 
such a new situation does exist is an inference. Testing estab­
lishes the degree to which this more determinate relation is 
probable. An inferred conclusion has probability instead of 
certainty because of the indeterminate environment of its sub­
ject matter. As indication is an expression of the indicative 
character of the data, testing brings out their probative 
quality. Thus, the materials which serve to test an indicated 
conclusion are probative data. 

An important consideration in regard to testing is that the data which 

indicate the conclusion are also probative data which may be used to 

test the inference. That this is equally true in the interpretation 

of tree-ring dates can be seen by examining Bannister's (1962) types 

of error and the techniques which are used to resolve them. 

With the principles of context, indication, and testing as a 

foundation, Thompson (1958: 4-8) discusses the inferential process 

itself. The first step involves the recognition of the indicative 

quality of the data and the formulation of an indicated conclusion 

which is based on that quality. The process does not end here. As 

soon as an indicated conclusion is formulated, it must be tested and 

the inferential process enters its probative phase. 

This phase consists of specific statements of the evidence 
which enters into the substantiation of the inference.... 
Some of them are explicit formulations of the indicative 
data; others are statements of entirely new material.... In 
practice, the probative data represent a transition from the 
explicit declaration of the indicative background to the 
introduction of the new information, such that the documenta­
tion of the indicative reasoning leads to additional proba­
tive evidence. (Thompson 1958: 5) 

Within the context of culture, much of the probative phase 

of the inferential process is concerned with the use of analogies 

between the archaeological situation and comparable ethnographic 



data. These analogies are of two kinds: the general comparative 

analogy, involving the repeated occurrence of a pattern in a large 

number of cultures at a similar level of development; and the specific 

historical analogy, dependent on a direct continuity between the 

archaeologically and ethnographically defined cultures (Thompson 1958: 

5-6). These same relationships hold true in the interpretation of 

tree-ring dates within the cultural context, and at least partially 

within the chronological and biological contexts. A different type 

of analogy enters into the biological context. It might be called a 

physiological analogy. It is based on an assumed identity in life 

process (and therefore structure) between trees which were used by 

prehistoric peoples and modern living trees of the same species. 

The interpretation of archaeological tree-ring data is an 

exercise in inference, and therefore conforms to the principles of 

the inferential process. Furthermore, since the context of the inter­

pretation is in large measure cultural, Thompson's analysis of the 

inferential process in the interpretation of archaeological materials 

is completely applicable to the interpretation of tree-ring data within 

that context. The addition of the chronological and biological con­

texts to this endeavor merely enhances the range of interpretive 

possibilities that lie within the data. Data from all three con­

texts may be applicable to any particular inference without regard 

to context within which the inference is being made. 

A vast number of inferences have been made in the interpret 

tation of the data presented in this report. In every instance, I 

have endeavored to apply Thompson's analysis as a test of the 



reliability of the inferential process by which the conclusions were 

reached. The testing of the conclusions themselves can, of course, be 

accomplished only through the use of the indicative and probative data 

involved in each case. 

At this point, I propose to present a few examples of the 

application of Thompson's analysis to the interpretation of tree-ring 

data. These examples are presented in the format used by Thompson 

(1958: 51-64) in illustrating the inferential process, with reference 

to an archaeological collection of Yucatecan Maya pottery. Although 

the inferences made in the interpretive section of this report could 

have been presented in this same form, it is impractical to do so. 

Therefore, these few examples exemplify the process by which all con­

clusions were reached, and thus to show that the same processes are 

involved in interpreting tree-ring data as in interpreting strictly 

archaeological materials. There are four examples, one for each of 

Bannister's types of error. Each presents an actual case taken either 

from the Tsegi data or from the Tree-Ring Laboratory records. They 

are intended merely as examples, and therefore do not cover the full 

range of possible situations within a single type of error. It is 

hoped, in this way, to demonstrate how Bannister's types of error are 

recognized and defined on the basis of concrete data rather than as 

theoretical constructs. 
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EXAMPLE I 

Type 1. Association direct, dating early. 

Indicative data: Betatakin Room 6, a second-story chamber 
above Room 5, has cutting dates of 1246, 1257, 1257, 1258, 1261, 1267, 
1269, 1273, and 1276 from nine beams in the ceiling. 

Indicated conclusion: Room 6 was built in 1276 or later, 
using beams salvaged from older structures which give dates earlier 
than the actual construction of the room. 

Probative data: It is extremely unlikely that it took thirty 
years (1246-1276) to build Room 6. 

There is no architectural evidence for remodeling or repair of 
the roof or walls of Room 6; the room was built in one operation and 
not subsequently altered. 

The date of 1276 comes from an auxiliary beam which supports 
all the other beams in the roof, many of which gave dates earlier than 
1276. 

Many of the beams in Room 6 were cut for a much larger room, 
and project well beyond the east wall of the chamber. 

Room 6 could not have been built before Room 5. 

The walls of Room 6 are continuous with those of Room 5. 
Both rooms were built at the same time. 

All the dates from the ceiling of Room 5, which forms the 
floor of Room 6, fall at 1276 and are cutting dates. 

There is no evidence for the remodeling or repair of Room 5 
subsequent to its construction. 

Trees which have died of natural causes and lain in the 
open for some time exhibit a characteristic weathering. 

The beams from Room 6 with early dates do not show this type 
of weathering. 

The marks made by stone axes on the logs appear to have been 
made while the wood was green. 

The modern Hopi commonly use wood salvaged from abandoned 
parts of the village for new construction. 
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Probable inference; Room 6 was built in 1276, reusing beams 
salvaged from older, abandoned structures; therefore, the dating of the 
reused beams is earlier than the date of the chamber with which they 
are directly associated. 

EXAMPLE II 

Type 2. Association indirect, dating early. 

Indicative data: Firepits in Room 13, Courts 25 and 63, and 
Kiva 78 at Kiet Siel contain fragments of charcoal dating at 945, 1226, 
1244, and 979. 

Indicated conclusion: During the Tsegi Phase occupation after 
1250, fires were built using wood from trees which died at an earlier 
time. 

Probative data: With the exception of the date at 1261, all 
the specimens date prior to the time of the Tsegi Phase occupation as 
determined by a number of dates from structural timbers in direct 
association. 

Dead wood burns better than freshly cut green wood. 

Seasoned dead wood is ordinarily used for fires. 

Kiet Siel Cave was occupied for centuries prior to the Tsegi 
Phase. 

This early occupation resulted in the presence of timbers in 
the cave at the time the Tsegi Phase occupation began. 

Such old timbers would be eminently suited for firewood. 

Modern Pueblo Indians are known to use old structural timbers 
for firewood. 

Possible inferences: The Tsegi Phase inhabitants of Kiet 
Siel used dead wood for fires. 

The Tsegi Phase people of Kiet Siel used old structural 
timbers for firewood, as well as reusing them in architectural con­
texts. 

Many dates from firepit charcoal are earlier than the date of 
the site with which they are indirectly associated. 
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EXAMPLE III 

Type 3. Association direct, dating late. 

Indicative data: Room 65 at Kiet Siel has cutting dates at 
1273, 1275, 1275, 1276, and 1279 from five beams in the ceiling. 

Indicated conclusion; Room 65 was roofed in 1275, and the 
roof remodeled in 1279 or later. 

Probative data: It is unlikely that it took four years to roof 
Room 65. 

There is considerable non-dendrochronological evidence for 
remodeling of the room. 

The high sill of the original storeroom-type doorway was 
knocked out to produce a doorway of the living room type. 

A broken area in the floor in front of the doorway shows that 
a firepit-entrybox complex was removed. 

The walls of the room are heavily coated with soot from the 
burning of fires in the firepit. 

The primary beams are heavily smoke-blackened. 

The secondary beams, closing material, and matting are not 
blackened. 

The building sequence as shown by architectural evidence is 
as follows: (1) the room was built as a granary; (2) it was con­
verted into a living room by enlarging the doorway, adding a firepit 
and entrybox, and replacing the original roof with a new one; (3) the 
walls and ceiling were heavily smoke-blackened; (4) the firepit and 
entrybox were torn out and the roof was removed except for the primary 
beams; and (5) a new roof was built on the old primary beams. 

The dates of 1275 come from two of the smoke-blackened primary 
beams. 

The dates of 1273, 1276, and 1279 come from three of the 
unblackened secondary beams. 

Room 65 could not have been built after Room 61 which was 
probably built in 1267. 

The modern Pueblo Indians frequently remodel and convert rooms 
from one purpose to another. 
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Probable inference; Room 65 was built in 1267 along with Room 
61. Room 65 was later extensively remodeled. A new roof was put on 
the room in 1275. In 1279 or later major roof repairs were undertaken. 
Thus, the dates from the roof are later than the room with which they 
are directly associated. 

EXAMPLE IV 

Type 4. Association indirect, dating late. 

Indicative data; Pithouse 1 at NA-8942 located near Houck, 
Arizona, has the following dates: 755, 792, 792, 795, 803, and 1056, 
of which only that at 803 is a cutting date. 

Indicated conclusion; Pithouse 1 was built about 803, and 
the specimen which gave the 1056 date is intrusive. 

Probative data; There is good clustering of the non-cutting 
dates in the period just prior to the one cutting date of 803. 

The date of 1056 is incongruous with this clustering. 

The dates of 755 and 795 are directly associated with 
architectural features of the pithouse. 

The dates of 792, 792, and 803 come from specimens recovered 
from fill directly above the floor of the structure. 

The date of 1056 comes from a rotten timber lying vertically 
in the fill of the pithouse. 

The 1056 specimen could be traced down only as far as 27 cm. 
above the floor. 

Ceramically, the pithouse belongs in the White Mound Phase. 

The White Mound Phase has been reliably dated elsewhere at 
about 725 to 825. 

Modern Pueblo Indians commonly use abandoned structures for the 
dumping of trash of all kinds. 

Probable inference; Pithouse 1 was built about A.D. 803 and 
was used as a dump subsequent to its abandonment sometime after 803. 
The material thrown into this dump included a beam which was deposited 
there sometime after 1056. The 1056 beam gives a date later than the 
date of the structure with which it is indirectly associated. 



These four examples are intended to show the inferential pro­

cesses involved in the interpretation of four different constellations 

of tree-ring data. They bring out two important facts. First, the 

interpretation of tree-ring dates proceeds from the same foundation 

and employs the same processes as does the interpretation of any 

archaeological data. Second, they show the wide range of materials 

derived from the cultural, chronological, and biological contexts 

which may be used as probative data in testing the conclusions indi­

cated by the original data. The cultural and environmental interpre­

tations mentioned previously also involve the same inferential 

processes which operate within the same three contexts. No specific 

examples of these types of inference are presented. The exact steps 

involved in their formulation should be evident in the discussion of 

each in the analysis section of this report. 

ASSUMPTIONS 

Since the objective of this study is the very refined inter­

pretation of tree-ring dates, the assumptions underlying the analysis 

of the dates should be made explicit. 

Assumption 1. The date is assumed to be correct. This 

assumption rests on the degree of correlation between the individual 

specimen and the master tree-ring chronology against which it was 

dated. Ultimately, it is grounded in the very foundation of dendro­

chronology as a scientific dating tool. If the principles and 

techniques of dendrochronology are sound and they have survived 

countless tests then the dates from individual specimens must be 



correct, unless there is some sort of human error on the part of the 

dendrochronologist who derived the dates. To minimize this source of 

error, the dating of a site is always independently checked by a 

second person. If the two investigators cannot agree, the disputed 

date is not released. 

Assumption 2. It is assumed that in the vast majority of cases 

the death of a tree was caused by human activity; namely, the felling 

of the tree in order to put it to some sort of use. Haury (1931: 

12-13; 1935: 103-4) presents the rationale behind this assumption. 

O'Bryan (1949) has argued that in certain instances this assumption 

may be erroneous. However, his reservations about the assumption 

concern a much earlier time level than that of the Tsegi Phase and, 

consequently, do not apply to the present situation. 

Assumption It is assumed, unless there is objective 

evidence to the contrary, that the beams found in the sites were cut 

expressly for use as constructional material. 

Assumption 4. This is a corrolary of Assumptions 2 and 3. 

Unless there is evidence to the contrary, it is assumed that dates 

from structural wood apply to the structure in which the wood was used. 

Assumption 5>. It is assumed that in the majority of cases in 

which the above assumptions do not apply, there will be some sort of 

non-dendrochronological evidence to that effect. For example, reused 

beams or repair timbers may be recognized by their appearance. There 

may be, of course, a few instances where this assumption does not 

hold, and therefore the interpretation may be erroneous. 
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In addition to the general assumptions listed above, a few 

specific ones have been made regarding the Tsegi data, especially those 

from Betatakin and Kiet Siel. 

Assumption _6. It is assumed that the dated specimens from a 

site constitute a representative sample of that site. The Betatakin 

and Kiet Siel samples approach 100% for timbers greater than two inches 

in diameter. 

Assumption 1_. It is assumed, because of the location of the 

villages in dry caves or shelters and because of the short occupation 

of the sites, that repair timbers were not generally needed. If an 

occasional repair beam was used, however, the field collector should 

be able to detect its presence in a roof, under the conditions of 

Assumption 5. Therefore, in the absence of evidence to the contrary, 

the latest date from a roof should indicate the date at which the 

roof was built. 



CHAPTER 3. THE ENVIRONMENTAL SETTING 

Northeastern Arizona lies within the Colorado Plateaus physi­

ographic province. This province is made up of a number of relatively 

flat, high-standing plateaus and mesas which are stacked up on one 

another to produce vertical relief. This topographic regimen is pro­

duced by the generally flat-lying strata of sedimentary rocks which 

underlie the country. The elevation of the different plateaus varies 

greatly, but is usually above 5000 feet and reaches a maximum of over 

8000 feet on the Mesa Verde, Black Mesa, and Skeleton Mesa. A few 

isolated mountain ranges of igneous origin break the monotony of 

flat-lying sediments and form high, rounded or conical mountain 

masses; examples of these are the volcanic San Francisco Peaks (eleva­

tion, 12,611 feet), and Navajo Mountain (10,388 feet) and Carrizo 

Mountain (9142 feet), both of laccolithic structure. The predominant 

relief of the country, however, is not upward, but downward. The 

streams of the region have cut down through the sediments to form 

countless deep, vertical-walled canyons, culminating in the Grand 

Canyon of the Colorado River, which reaches nearly a mile in depth. 

The topography of northeastern Arizona is dominated by the 

many high plateaus and mesas which fall away in all directions from 

the great uplift of Navajo Mountain. This area is bounded on the 

north by the canyon of the San Juan River, on the east by Monument 

Valley and Chinle Valley, on the south by Marsh Pass and the Klethla 

Valley, and on the west by the canyon of the Colorado River. The two 
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large rivers the Colorado and the San Juan are the master streams 

of the area, and all water from the high country drains into them. On 

the north a series of deep, rather steeply graded canyons flow almost 

due north into the San Juan. The western and southern slopes of Navajo 

Mountain are drained by the extensive Navajo Canyon system, which flows 

northwest into the Colorado River. Monument Valley and the north and 

east faces of Skeleton Mesa are drained by a series of short, deep 

canyons and streams which flow either to the San Juan or into Chinle 

Wash. The southern flanks of these uplands are drained in two direc­

tions: east and west. The southern parts of the Shonto Plateau are 

drained by a number of long, comparatively shallow canyons which empty 

into the Klethla Valley and thence into the internal drainage basin 

of Red Lake farther west. The eastern face of the Shonto Plateau and 

most of Skeleton Mesa are drained by a large, deep, south-flowing 

canyon whose waters eventually reach Chinle Wash 42 miles to the east; 

this is the canyon of Laguna Creek, known most familiarly as Tsegi 

Canyon. 

TSEGI CANYON 

The Tsegi (Figs. 1, 2, and 3) is not a single canyon but a 

great dendritic system of canyons incised into the bulk of Skeleton 

Mesa to a maximum depth of over 1200 feet. The upper six miles of the 

main canyon---called Long Canyon on most maps trends in a generally 

southwestern direction. About nine miles below its head the main 

canyon makes a broad, almost right-angle turn so that in its lower 

course the part referred to herein as the main Tsegi it runs in a 



Fig. 2. Tsegi Canyon looking downstream from Tsegi Point. Betatakin Wash enters 
Laguna Creek from the right. Important topographic features include the Kayenta bench, the 
falling dune indicated by the arrow at the right, and the eroded alluvial fill of the canyon 
floor. The arrow at left indicates a Navajo cornfield. 



Fig. 3. Tsegi Canyon looking upstream from Tsegi Point. The level surface of the 
Shonto Plateau forms the horizon; the high point at left is Dzil Nez (Tall Mountain). A 
typical arched rock shelter may be seen in the Navajo sandstone at the upper left. The arrow 
indicates the position of Scaffold House at the base of the sandstone cliff. 



southeasterly direction to its mouth at Marsh Pass. Long Canyon is a 

narrow, high-walled gorge with only a few short tributary branches and 

coves. Below Long Canyon several major tributaries open into the main 

canyon from both sides. Six miles from the head three large, unnamed 

canyons join the main Tsegi: two from the west, one from the east. 

Next south, Bubbling Springs Canyon, one of the major tributaries of 

the Tsegi, enters from the west. Below this point the west bank of the 

Tsegi is lined with a number of small, rather insignificant canyons of 

which none, save Betatakin Canyon, are named. Opposite the mouth of 

Betatakin Canyon the chasm of Kiet Siel Canyon opens from the east. In 

general, it parallels the main Tsegi and, except for the vagaries of 

naming, should be considered a tributary of Dogoszhi Biko. Dogoszhi 

Biko, which enters Kiet Siel Canyon about a mile east of the latter's 

confluence with the Tsegi, is the major tributary canyon of the Tsegi 

system. This canyon heads at the very edge of Skeleton Mesa, and head-

ward erosion is in the process of breaching this scarp. South of 

Dogoszhi Biko three major tributaries enter from the left bank; the 

first of these is unnamed, and is followed by Cobra Head and Wildcat 

canyons, the latter actually opening directly into Marsh Pass itself. 

The Tsegi Canyon system is drained by the many tributaries 

of Laguna Creek, which derives its name from the lakes that existed 

along its course in the 19th century. Laguna Creek, Kiet Siel Creek, 

and Bubbling Springs Wash are perennial, spring-fed streams; all the 

other tributaries are intermittant, ceasing flow during the summer, 

except immediately after thundershowers. At Marsh Pass Laguna Creek 

emerges from Tsegi Canyon, makes a right-angle turn, flows eastward 
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through the pass, and debouches into the broad, arid Chinle Valley 

where it continues on past Kayenta to empty into Chinle Wash, which 

in turn flows into the San Juan River. 

GEOLOGY 

A great series of Mesozoic rock formations is laid bare to the 

walls of the Tsegi Canyons (Gregory 1916, 1917; Hack 1945; Cooley 1958; 

Harshbarger, Repenning, and Irwin 1957). The characteristics of these 

formations not only determine the configuration of the canyon itself, 

but have had an important influence on the distribution of human 

populations, both prehistoric and modern. The erosion of Laguna Creek 

through alternating resistant and softer formations has produced the 

stepped canyon walls which define the U-shaped profile of a box canyon 

(Figs. 2 and 3). The differential porosity and permeability of the 

formations determines to a great extent the hydrology of the canyon 

system, a feature of great importance in the history of human occupa­

tion. 

The earliest stratigraphic unit known to be exposed in the 

walls of Tsegi Canyon is the Late Triassic Rock Point member of the 

Wingate sandstone (Harshbarger, Repenning, and Irwin 1957: 8-10, Pi. 

2). It consists of flat bedded, silty sandstones which outcrop as 

irregular slopes and ledges only in the lower reaches of the Tsegi 

below the mouth of Betatakin Canyon. 

Overlying the Rock Point member is the Lukachukai member of 

the Wingate sandstone, also of Upper Triassic Age (Cooley 1958, Table 

1; Harshbarger, Repenning, and Irwin 1957: 10-12, Pi. 2). The 
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Lukachukai member, which in the Tsegi reaches a maximum thickness of 

about 250 feet, is an aeolian deposit characterized by very large-scale 

crossbedding. Figure 1 illustrates the distribution of this member 

throughout the Tsegi. The Lukachukai member forms vertical-walled, 

columned cliffs and shallow, arch-shaped caves in which the prehistoric 

inhabitants of the canyons occasionally made their homes. 

The Lukachukai member of the Wingate sandstone is overlain by 

the Triassic (?) Moenave formation, which is composed of two members, 

the Dinosaur Canyon sandstone and the later Springdale sandstone 

(Harshbarger, Repenning, and Irwin 1957: 12-17). In the Tsegi, the 

entire Moenave formation does not exceed 100 feet in depth. The chief 

topographic expression of the Moenave formation is a low cliff which 

caps the Wingate sandstone and underlies the Kayenta formation. 

Above the Moenave formation lies the Jurassic Kayenta forma­

tion, which reaches a maximum thickness of about 150 feet. The Kayenta 

formation is of fluvial origin and consists of lenticularly bedded 

quartz sandstone with lenses of mudstone (Harshbarger, Repenning, and 

Irwin 1957: 17-19, Figs. 2 and 20). It is less resistant to erosion 

than the Lukachuaki member of the Wingate sandstone or the Moenave 

formation, and characteristically forms a fairly narrow stepped bench 

rising back from the edge of the low Moenave cliff to the foot of the 

cliffs formed by the overlying Navajo sandstone. This bench is of 

extreme importance in the local topography of some parts of the Tsegi. 

The Kayenta formation occasionally forms small overhangs and low-roofed 

caves in which are sometimes found isolated Tsegi Phase storage 

chambers. 
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Stepped back from the edge of the Kayenta bench, loom the 

towering cliffs of the Jurassic Navajo sandstone which rise to a 

maximum height of more than 700 feet. Like the Lukachukai member of 

the Wingate formation, the Navajo sandstone is of aeolian origin and 

exhibits very large-scale crossbedding (Cooley 1958, Table 1). The 

Navajo sandstone is exposed throughout the Tsegi system, forming the 

rim rock of the canyons. In Long Canyon and in the upper reaches of 

Bubbling Springs and Kiet Siel canyons this is the only formation 

exposed, the great sandstone cliffs springing vertically from the 

canyon floor to enclose narrow, tortuous gorges of the saw-cut types 

(Cooley 1958: 27) . On either side of the canyon stripped areas of 

Navajo sandstone form the surfaces of Skeleton Mesa to the east and 

the Shonto Plateau to the west. Both these highland areas bear an 

irregular mantle of windblown sand and some developed soil, the 

Shonto Plateau being the more favorably endowed in this respect. The 

Navajo sandstone erodes to form vertical and rounded cliffs often 

characterized by the development of conspicuous, sculptured buttresses 

and recesses. Because of the crossbedding, the Navajo characteristi­

cally erodes to form large, usually shallow, arch-shaped caves. In 

caves such as these were built the large Tsegi Phase "cliff dwellings." 

Figure 15 b. illustrates a cave of this type in which Betatakin is 

situated. 

Surficial deposits may be divided into three types: aeolian 

deposits, talus, and alluvial deposits. 

Aeolian deposits are largely confined to a number of huge 

stabilized sand dunes which fall from the rim of the canyon to the 



floor far below. These falling dunes are restricted to the southwest 

side of the canyon and, generally, to the lower reaches below Bubbling 

Springs Canyon. The bases of these dunes are overlain by the complete 

series of alluvial deposits, and Hack (1945: 153-4) attributes them to 

the altithermal period of the post-Pleistocene temperature curve. 

These dunes are chiefly important as routes of travel from the rim 

down into the canyon, since they often form steep, but passable ramps 

over the vertical cliffs. One such dune may be seen in the right fore­

ground of Figure 2. 

Talus deposits are common throughout the canyons. The relative 

structural weakness of the Kayenta formation has led to the develop­

ment of tremendous talus accumulations at the foot of the Navajo sand­

stone. Often such talus covers and completely obscures the Kayenta 

formation itself. In areas where the Kayenta formation is not exposed, 

such as in Long Canyon and upper Kiet Siel Canyon, the talus accumula­

tions from the Navajo sandstone are smaller and more localized. A 

second major zone of talus formation lies at the foot of the Wingate 

sandstone; depending on their relative ages, these deposits lie on or 

are buried by the alluvium in the canyon bottom. The talus slopes 

seem not to have been too important in the Tsegi Phase occupation, but 

were a common habitation site in pre-Pueblo II times (Hack 1945: 152) . 

Typical talus deposits can be seen in Figures 2 and 3. 

The canyon bottoms are filled with deep deposits of Recent 

alluvium. These deposits are now deeply eroded by Laguna Creek, which 

has cut an arroyo from 40 to 80 feet deep and 100 feet wide throughout 

the canyon system (Figs. 2, 3, and 4). At present, downward erosion 



Fig. 4. The Laguna Creek arroyo in Tsegi Canyon. At this point, just above the mouth 
of Bubbling Springs Canyon, the stream has cut to bedrock. The water lies about 50 feet below 
the surface of the alluvial terrace. 

U1 
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has virtually ceased, because the stream now flows on bedrock. Lateral 

cutting continues at an irregular rate. The degree of erosion and the 

nature of the sediments exposed by it can be seen in Figure 4. 

Hack (1942, 1945) identifies two major periods of Recent 

deposition and two of erosion. The alluvium attributed to the first 

depositional cycle is designated the Tsegi formation, and that cor­

related with the younger cycle is called the Naha formation. It now 

seems that Hack's Tsegi formation includes two stratigraphic units 

separated by a period of either regional or local erosion and stream 

channeling (Cooley 1962: 50). The Tsegi formation was deposited some­

time between 2000 B.C. and about A.D. 1150. The Naha deposition 

occurred after 1300 and was terminated by the present erosion cycle 

which began in the late 19th century. The two periods of deposition 

were separated by an interval of degradation, which may have begun as 

early as A.D. 1100. The first phase of this erosion was characterized 

by general stripping, while arroyo cutting predominated during the 

second phase (Cooley 1962: 50). The Tsegi-Naha erosion culminated 

sometime around A.D. 1300 in a developed system of arroyos that 

encompassed the entire Tsegi Canyon system. Although the Tsegi-Naha 

channeling was probably as extensive as that which presently occupies 

the canyon, it may have been much less severe in terms of the depth 

and width of the arroyos (Cooley 1962: 50). 

Hack was able to trace the Naha and Tsegi formations from a 

point on Laguna Creek three miles northeast of Marsh Pass to a point 

six miles up the Tsegi, near the mouth of Betatakin Canyon. The Tsegi 

terrace and an undissected portion of the lower Naha formation show 
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quite clearly in the neck of the oxbow bend between Laguna and 

Betatakin creeks in the left center of Figure 2. It is not known how 

much farther up the canyon the Naha formation may be traced, but the 

bulk of the sediments belong to the Tsegi formation, undoubtedly cor­

relative with Cooley's (1962: 50) Unit 4. This is demonstrated by the 

presence on the terrace and within the sediments themselves of archaeo­

logical remains whose dates limit the range of possibilities to exclude 

the comparatively late (post-1300) Naha formation and the earlier Unit 

5 (pre-A.D. 500) of Cooley (1962: 50, Fig. 18.1). 

Needless to say, the deposition and erosion of these sediments 

were of great importance in the history of the human occupation of the 

canyon. Unit 4 (the Tsegi formation) abounds in cultural material 

deposited in or buried by the accumulating sediments. Just how 

important these events are is taken up later under the discussion of 

the Tsegi Phase. 

HYDROGRAPHY 

Somewhat surprisingly, water is very plentiful in the Tsegi 

Canyon system. As has been mentioned, Laguna, Kiet Siel, and Bubbling 

Springs creeks are all perennial streams. In addition, permanent 

streams are found in the upper end of Dogoszhi Biko and throughout its 

major tributary, Nagashi Biko. Below the confluence of Nagashi Biko 

with Dogoszhi Biko, the waters of the stream are absorbed by the 

sands of the arroyo floor or are evaporated. During and after the 

violent summer thunderstorms characteristic of the region, all the 
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arroyos run deep with torrents of water, the level of which often 

rises six to eight feet in a few minutes. 

There are two principle sources of water for the streams in 

the Tsegi. One of these is runoff from the highlands on either side. 

Since there is little soil development in these areas, this runoff is 

characteristically violent, taking the form of great cascades of water 

falling from the cliffs into the canyons, especially during the heavy 

summer thunderstorms. However spectacular this source might be, 

annual precipitation is neither sufficient nor regular enough to 

account for the permanency of the streams. Instead, their major 

source of water is the innumerable springs and seeps which are found 

throughout the canyons. 

Two major sources supply the springs in the Tsegi. The first 

of these is the Navajo sandstone, which is an excellent aquifer of 

high permeability and porosity. The tremendous areas of Navajo 

sandstone exposed on the Shonto Plateau and Skeleton Mesa provide a 

great intake area for this water system. The underlying Kayenta 

formation, being horizontally bedded, is much less permeable, and 

the contact between the Navajo and Kayenta is a major zone of seepage 

throughout the Navajo country (Gregory 1916: 138). It is along this 

zone that water action has been most active in producing large caves 

in the Navajo sandstone. Such a cave is visible at the upper left 

in Figure 3. It is no accident that these shelters were chosen as 

homesites by the prehistoric peoples of the Tsegi. 

The second major source of water in the Tsegi is the Recent 

alluvium. This reservoir is recharged by precipitation and by seepage 



from the Navajo and Wingate sandstones and the large falling dunes. 

The cutting of Laguna Creek to the bedrock of the canyon floor taps 

this reservoir to the maximum extent. Countless springs well up from 

the floor of the stream or issue from the base of the arroyo wall at 

the contact of the alluvium with bedrock. This is unquestionably the 

major source of water in the canyon (Hack 1945: 152). Before the 

cutting of the present arroyo the volume of flow was less than at 

present, and several small lakes existed in the lower reaches of the 

canyon (Gregory 1916: 48). The present erosion cycle, which began in 

1884, has destroyed all the lakes but has produced a substantial 

increase in the regularity of flow of Laguna Creek by tapping the 

ground water in the alluvium (Gregory 1916: 100). 

FLORA AND FAUNA 

The flora of the Tsegi Canyons is tremendously varied in 

response to the wide variety of localized environmental niches present 

throughout the canyons. No botanical studies of the canyon have been 

published. Consequently, the following statements are based solely on 

somewhat cursory personal observations made during three seasons' work 

in the canyon and are intended only to give a subjective picture of 

general conditions. The general character of the vegetation is 

evident in many of the photographs that accompany this report. 

The alluvial terraces are covered by a sparse growth of grasses 

and occasional clumps of sagebrush (Artemesia sp.). Far upstream, near 

the heads of the major canyons and their branches, arroyo cutting is 

almost non-existent, and generally wetter conditions prevail. Here 
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grass is abundant, and mosses, ferns, and the like flourish in the 

stream bed. Locally, springs cut off from the main flow of the streams 

have produced miniature swamps with an attendant luxuriousness of 

vegetation, including ferns, rushes, and high grasses. 

A number of species of tree are found in the canyon, each 

occupying its own special environmental niche. Deciduous trees present 

include Gambel oak (Quercus gambelii Nutt.), boxelder (Acer negundo), 

and quaking aspen (Populus tremuloides Michx.). Thick stands of 

Gambel oak cover the talus slopes of almost all coves, rincons, and 

heads of canyons which possess one or more springs. In addition, they 

commonly fringe the lower margins of talus slopes throughout the 

canyon; they rarely grow on the alluvial flats away from the talus. 

Boxelders are usually found beneath the edges of overhanging scarps 

where they receive the full benefit of the cascades of water that fall 

from the cliffs during storms; for this reason they are often associ­

ated with archaeological cave sites. A few lone boxelders grow at 

widely separated points on the alluvium where local conditions permit. 

Quaking aspens grow only near the heads of a few short side canyons 

where rather unique topographic and hydrographic circumstances have 

combined to produce a stable water supply (Fig. 15 a). 

Coniferous trees are common throughout the canyons. Species 

present include pinyon (Pinus edulis Englm.), juniper (Juniperus 

species), ponderosa pine (Pinus ponderosa Laws.), Douglas-fir 

(Pseudotsuga menziesii [Mirbej] Franco), and white fir (Abies concolor 

(Gord. and GlendJ Hoopes). Pinyon and juniper, mixed with desert 

shrubs and grasses, dot many of the talus slopes and the exposed 



slopes of the Rock Point member of the Wingate sandstone and the 

Kayenta formation. Isolated ponderosa pines grow on the alluvium and 

talus in areas where the canyon is wide enough to provide long hours 

of sunshine during the day. Douglas-fir trees are abundant but are 

restricted to a very narrow range of sites. They are found on the 

south and east sides of the canyons; that is, on north and west facing 

slopes where they are shielded by the towering cliffs from the heat of 

the summer sun. Long, linear stands of Douglas-firs grow high on top 

of the talus against the cliffs, or in denser stands in the more 

protected coves. Fingers of Douglas-firs extend downslope only in 

ravines where there is a certain amount of shade and where, presumably, 

moisture is more abundant. Others find precarious foothold on the 

narrow ledges and crevices in the Navajo sandstone cliffs to within a 

few feet of the cliff top, but never any higher. White firs are 

limited to even more protected sites deep coves or crevices in the 

cliffs. They generally appear to be associated wit springs or seeps, 

whereas Douglas-firs, given enough shade, do not seem to need this 

additional supply of water. 

The fauna of the canyons is limited to smaller forms. 

Lizards, jackrabbits, bats, mice, and numerous birds are present; 

snakes seem to be rare. Large game animals are absent and probably 

never were common. The only predator sighted was a single gaunt 

coyote. In the small localized swampy areas created by springs in the 

alluvium, amphibious life abounds. Frogs are abundant, and each one 

of these areas harbors several salamanders. Aquatic insect larvae 

also find refuge in these swamps. 



Climatically, the Tsegi lies within Sellers' (1964: 4-5, Fig. 

2) northeast sector of the state of Arizona. Generally speaking, 

this sector is characterized by extreme aridity, being exceeded in 

this respect only by the hot, low-lying deserts of the southwestern 

sector of the state. In fact, winter precipitation in the south­

west exceeds that of the northeast. Most of the annual precipitation 

falls in the summer and early fall months, usually in the form of 

thundershowers at sunset or in the early evening. As is character­

istic of the Southwest, May and June are the driest months of the 

year. In contrast to the rest of Arizona, there is little increase 

in precipitation during the winter. Thirty to fifty per cent of the 

meager winter precipitation falls as snow, but this usually amounts 

to less than 50 inches (Sellers 1964: 24). The annual temperature 

range throughout the northeast is great, with hot summers and 

frequently very cold winters (Sellers 1964: 34). 

The weather in the Tsegi region conforms quite well to this 

general picture. However, the presence of two nearby weather 

stations permits a more specific analysis of the local climate. 

One of these is located at Navajo National Monument Headquarters on 

the rim near the head of Betatakin Canyon, at an elevation of 7286 

feet above sea level. Temperature and precipitation records for 

this station have appeared in Climatological Data, Arizona (U.S. 

Department of Commerce) since 1939 under the name "Betatakin." The 

data for the first 14 years are somewhat spotty, with no figures 

for several months of each year. Since 1952 the records are more 
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consistent, with temperature data missing for only one month each in 

1957 and 1958. The other weather station is located at Kayenta, 

Arizona, at an elevation of 5600 feet. Except for a six-month period 

in 1942, this station has been reporting continuously since 1916 (Green 

and Sellers 1964: 233-6). 

The environment of each of the stations is quite different. 

The Betatakin station, 1286 feet above that at Kayenta, is located on 

the Shonto Plateau. This part of the plateau is covered by a pinyon-

juniper forest interrupted by small, sagebrush-covered swales and 

valleys. Kayenta lies in the broad alluvial valley of Laguna Creek 

in the rain shadow of the upland areas of Skeleton and Black Mesas to 

the west and south. The vegetation, reflecting the drier conditions 

and lower elevation, consists mainly of a sparse cover of grass and 

sagebrush. 

Neither of these stations reflects the precise climate of the 

Tsegi itself. Nevertheless, both are pertinent to an attempt to 

estimate various climatic factors for the canyon. The canyon bottoms 

lie from 700 to 1000 feet below the Betatakin weather station and 

from 1000 to 700 feet above the Kayenta station. Local topographic 

considerations prohibit an attempt to estimate the climatic parameters 

of the canyon merely by averaging those for Kayenta and Betatakin. 

However, a general comparison of the two stations is illuminating. 

TEMPERATURE 

The average annual temperature at Betatakin is 50.0° Fahren­

heit, while that at Kayenta is 53.0°. January is the coldest month at 



both stations, with an average temperature of 30.0° at Betatakin and 

29.3° at Kayenta. July is the warmest month at Betatakin (average 

temperature, 72.3°) and at Kayenta (76.5°). Yearly maximum tempera­

tures at Betatakin, usually occurring between June 22 and July 26, 

range from 94° to 101° and average 96.1°. Annual minimum temperatures 

at the same station, occurring during January and February, range 

from -10.0° to 8.0° and average 1.0°. The frost-free season at 

Betatakin ranges from 107 to 213 days and averages 155 days, while 

Kayenta's frost-free period averages 160 days. 

Several factors make it difficult to estimate the various 

temperature parameters for Tsegi Canyon itself on the basis of the 

data from the two weather stations. The average temperature is 

probably higher than that for the Betatakin station. Summer maximum 

temperatures may exceed those of Kayenta because of the heating 

effects of reflection from and heat retention by the canyon walls. 

Because of cold air drainage down the canyon at night, diurnal 

temperature variation is great. There probably is no significant 

difference between the growing seasons of the mesa top and canyon 

bottoms. The higher summer temperatures in the canyon may reduce 

the time required for crops to mature and ripen to less than that 

which prevails on the cooler uplands. 

PRECIPITATION 

Precipitation at Betatakiii is extremely variable. The total 

yearly rainfall over a period of 17 years ranged from a low of 6.84 

inches in 1956 to a high of 18.7$ inches in 1965. The average yearly 



rainfall for these 17 years is 11.39 inches. Precipitation greater 

than the average occurred in only 5 of the 17 years and, as in Arizona 

generally (Sellers 1964: 24), the excess was caused by unusually wet 

winters. The Kayenta station, lying in the rain shadow of the high 

mesa country to the south and west, receives an average of only 8.36 

inches of rain a year. Both Betatakin and Kayenta exhibit the same 

seasonal pattern of precipitation. The driest period of the year 

occurs in the months of May and June. Late summer and early fall is 

the season of greatest precipitation, with high monthly averages in 

July and August at Kayenta and from July through October at Betatakin. 

Following the rainy season, monthly precipitation remains fairly low 

throughout the winter until the spring dry period sends it even lower. 

The rainfall pattern for Tsegi Canyon probably fits that of 

Betatakin more closely than that of Kayenta, because the highland 

mass which causes greater precipitation at Betatakin would produce 

the same result for the canyon. Extreme variability and spottiness 

characterize rainfall in the canyons; Kiet Siel may not receive a drop 

of moisture from a violent storm which strikes Betatakin only six miles 

away. The average yearly precipitation in the canyons probably is 

quite close to the 11.39 inches recorded at the Betatakin station, 

and the monthly variation in rainfall undoubtedly parallels that at 

Betatakin. 

HUMIDITY AND EVAPORATION 

No data on humidity and evaporation are available for north­

eastern Arizona. However, humidity tends to be low and evaporation 

high because of the high temperatures and the almost continual movement 
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of dry air across the country. During the heat of the day the rate of 

flow of many springs and streams is exceeded by the evaporation rate, 

and these waters dry up until nightfall. 

WIND 

A dry wind of moderate force blows almost constantly in the 

spring, and to a lesser degree in the fall. In the summer violent 

gusty winds accompany the rainstorms or are produced on the periphery 

of storms which traverse nearby regions but do not actually strike 

the local area. 

AGRICULTURAL POTENTIAL OF THE TSEGI ENVIRONMENT 

The physical environment was an important factor in the 

history of human occupation of Tsegi Canyon and a major determinant 

of the nature of the cultures of the people who lived here through 

the centuries. Neither the cultural nor the environmental factors 

were stable during the human occupation of the canyon. Thus, each 

must be assessed in terms of the other at identical points in time. 

Only then can the interaction of these variables be fully understood. 

The Tsegi Phase occupants of the canyons were farmers who 

possessed a definite assemblage of crops and agricultural techniques, 

knowledge, beliefs, and rituals. It is necessary to examine the 

Tsegi environment with reference to the agricultural system of these 

farmers. The Tsegi Phase people grew maize, beans, squashefe, gourds, 

and cotton, all of which have been recovered from one or more sites. 

There is little evidence for other crops, but some undoubtedly 

existed. Simple digging stick techniques of planting were used. 



Extensive agricultural terraces at Red House near Navajo Mountain, a 

large artificially dammed reservoir and check dams at Long House near 

Marsh Pass, and the elaborate irrigation works at the Creeping Dune 

Site (Sharrock, Dibble, and Anderson 1961) and at the Beaver Creek 

agricultural community (Lindsay 1961) indicate the range of water 

conservation and utilization techniques known to the Kayenta Anasazi. 

Undoubtedly the Tsegi Phase people were familiar with all these 

techniques, as well as dry and flood-water farming. The problem, 

then, is to assess the extent to which people with such a system of 

agricultural practices and knowledge could have successfully exploited 

the environment of the Tsegi and nearby areas. 

CLIMATIC FACTORS 

The notion that the climate of the present is appreciably 

different from that of the prehistoric past can be rejected on the 

basis of several lines of evidence, including dencrochronology, 

pollen studies (Schoenwetter 1962: 192), and the analysis of pre­

historic plant communities. This is particularly true of periods as 

recent as that with which this analysis is concerned. Therefore, 

the climate during the Tsegi Phase occupation of the area must have 

been quite similar to that of the present. 

Hack (1942: 8) has calculated that on the plateau "crops are 

most successfully grown in regions... where the mean annual precipi­

tation is about 12 inches and the length of the growing season about 

130 days." The Tsegi area, with its yearly rainfall of 11.39 inches 

and average growing season of 155 days or more, fulfills these 



conditions, and falls into Hack's (1942: 23) main zone of flood-water 

farming. However, he also points out that 11 or 12 inches of rain a 

year are not sufficient to grow corn without special methods, such as 

flood-water faming, irrigation, or some means of conserving soil 

moisture (Hack 1942: 20). The great variation from year to year in 

total precipitation and its generally spotty distribution also limit 

the degree of reliance the farmer can put on rainfall. Dry farming, 

except in years of especially high rainfall, would seem to be a risky 

business in the Tsegi. The Tsegi Phase people must have drawn upon 

their knowledge of various other techniques, such as irrigation or 

water conservation, to offset the paucity of precipitation. 

The 155-day growing season in the Tsegi is well above Hack's 

estimate of 130 days and even greater than his effective minimum of 

120 days (Hack 1942: 8, 23). Furthermore, heat retention and radia­

tion from the canyon walls may actually shorten the ripening period of 

corn, and further enhance the desirability of the canyon. The 

variation in the length of the growing season is also of importance. 

Only once in the 23 years of record was the frost-free season less 

than the minimum 120 days. In only four years was it less than 130 

days. Thus, the growing season in the Tsegi is usually ample for the 

planting and ripening of corn. Only rarely do frosts occur early or 

late enough to cause serious damage to crops. Consequently, it may 

be inferred that the length of the growing season normally was not 

crucial to Tsegi Phase farming and that water was the most critical 

factor in the agricultural picture. 



PRESENT CONDITIONS 

Given the climatic factors outlined above, present environ­

mental conditions in the canyon are not conducive to intensive 

agriculture on the Hopi level of technology. The relatively broad, 

flat alluvial terraces afford plenty of good land for planting, as do 

the sand dunes. However, the cutting of the arroyo to bedrock has 

lowered the water table away from the surface, and the water in the 

streams lies 50 to 80 feet below the level of the terraces (Fig. 4). 

Without a high level of agricultural technology, water, in quantities 

sufficient to ensure successful crops, cannot be applied to the acres 

of suitable farmland. In the absence of sufficiently reliable 

precipitation, this situation effectively prohibits the large-scale 

utilization of these areas. Presently in the canyon there is plenty 

of water and an abundance of land, but it is impossible to get the 

two together in quantities sufficient for large-scale farming. 

The present-day Navajo utilization of this area presents a 

good example of the possibilities of the Tsegi environment for 

exploitation by a fairly low level of technology. The Navajos use 

the canyons chiefly for grazing herds of sheep, cattle, and horses. 

However, they also practice agriculture here, employing techniques 

which In general cannot be distinguished from those of the modern Hopi. 

The present land-water relationships in the canyon severely limit the 

location and nature of their fields. A few small orchards are 

irrigated from permanent springs in the manner described by Hack 

(1942: 34-7) for the Hopi. The staple crops are corn and squashes 

which are grown In two types of location. A few crops are planted in 
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small akchin fields on the arroyo floor near the mouths of small side 

channels, where they benefit from the flood waters of summer rain­

storms. Larger fields are located on the alluvial terraces, usually 

near the mouths of large side canyons. A few of these fields are pre­

pared with a horse-drawn plow before planting; others, by hand. These 

crops depend on residual soil moisture for germination and on summer 

rainfall for maturation. The only type of artificial watering noted 

involved the use of buckets hand carried from the arroyo bottom at 

times when rainfall was deficient or delayed. The Navajos do not 

begin corn planting until.about the first of June. Thus, the threat 

of damage by late spring frost is almost nonexistent. Harvest begins 

in mid-September (Hill 1938: 41) and here, too, chances of frost 

damage are slight. The success or failure of a year's planting depends 

almost entirely on the quantity and timing of the summer rains. Little 

agricultural use is made of the nearby meas tops, since precipitation 

is not reliable and there is practically no surface water on which to 

rely in case the rains fail. This area is restricted to the grazing 

of sheep and horses. 

On a strictly agricultural subsistence base, the Tsegi of 

today is not capable of supporting the large populations that once 

dwelt in its depths. The Navajos harvest enough to supply no more 

than ten families. How, then, did the people of the many large Tsegi 

Phase villages support themselves in such an environment? The answer 

lies in the fact that the environment of today bears little resem­

blance to that of the period before A.D. 1300. 



PREHISTORIC CONDITIONS 

The long period of aggradation that produced the Tsegi forma­

tion was in progress until at least A.D. 1100 (Cooley 1962: 48, Fig. 

18.1) and probably until about 1150. The arroyo cutting phase of the 

Tsegi-Naha erosion interval did not occur until late in Pueblo III 

times (Hack 1942: 62; 1945: 155), although generalized stripping of 

the surface may have begun as early as 1150 and prevailed throughout 

most of the 1200's (Cooley 1962: 50). The importance of this situa­

tion for the present consideration is that it is likely that the Tsegi 

Phase people did not have to contend with a system of deeply entrenched 

arroyos in their efforts to grow crops in the canyons. The broad, 

flat alluvial surface extended without break across the canyon. The 

water table was high, perhaps high enough to support a permanent 

stream that meandered back and forth across the entire width of the 

canyon floor (Hack 1945: 156; Cooley 1962: 48, Fig. 18.1). Large 

fields could have been planted throughout the canyon, with reliance 

for water being placed on the high water table or on irrigation from 

the flowing stream. If the stripping phase of the Tsegi-Naha erosion 

interval had begun by this time, flood-water farming would have been 

possible over broad areas, even if the water table had been lowered 

and a living stream was no longer active. Thus, conditions in the 

Tsegi were much more favorable for intensive agricultural exploitation 

than they are at present. The 13th century environment was quite 

capable of supporting the large number of people who inhabited the 

many Tsegi Phase villages, whereas that of today is not capable of 

such support. 
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The mesa tops present quite a different story. Extensive 

stripped surfaces of baldrock, thin soil mantle, and lack of surface 

water undoubtedly prevailed in the 13th century as they do today. 

The environment of this area has probably remained fairly constant, 

the only major difference being the rather recent extermination of 

almost all game animals. Thus, the inadequate rainfall and the absence 

of surface water combined to mitigate against any intensive agricul­

tural exploitation of these highland areas. The lack of Tsegi Phase 

exploitation is borne out by the paucity of habitation sites in these 

areas. The few sites that do exist are small and were only briefly 

occupied. These mesa-top areas may have been cultivated as supple­

mental sources of food by the peoples living in the canyon. Crops 

would have failed in years of deficient rainfall or untimely freezes, 

but such losses would not have been disastrous if the harvest in the 

canyon had been adequate. The additional food acquired from the mesa 

fields in good years would undoubtedly have been a welcome, but not 

absolutely essential, dividend. Quite probably the Anasazi exploita­

tion of this upland zone resembled that reported by Hobler (1964: 

12-13, 17) for Navajo farmers on Paiute Mesa. There the amount of 

land under cultivation fluctuates with the nature of the weather in 

any particular year. In wet years cultivation is extended into 

marginal locations; in bad years planting is restricted to well 

watered areas, such as the bottom of the wash that drains much of the 

surface of Paiute Mesa. 

In conclusion, the 13th century Kayenta colonist of Tsegi 

Canyon found a suitable environment in which to exercise his 



agricultural knowledge and skill. Large areas of flat land greeted 

him; ample water was available in the form of either a flowing stream 

or a high water table. To this land he could apply techniques of dry 

farming, flood-water farming, terracing and check damming, or canal 

irrigation. The combination of suitable environment and adequate 

technology resulted in the establishment of a comparatively large 

population resident in several villages located throughout the canyon 

system. 



CHAPTER 4. BACKGROUND TO THE STUDY 

The archaeological wealth of the Tsegi Canyon--Marsh Pass 

Region has long been well known to the archaeologist and to the dendro-

chronologist. Each sandy ridge yields its quota of broken pottery; 

the shattered walls of small surface sites of all periods dot the 

countryside; a few large ruined villages occupy rocky eminences 

overlooking the quiet, sandy valleys; and deep in the shadowy recesses 

of narrow canyons and broad caves nestle famous "cliff dwellings" such 

as Kiet Siel, Betatakin, and Batwoman House and their lesser known, but 

no less interesting, smaller counterparts such as Lolomaki and Nagashi 

Bikin. Countless archaeological and dendrochronological expeditions 

have penetrated into this rugged country in quest of the prehistoric 

remains that it harbors in such abundance. As a consequence, the 

archaeology of this area is well known in general, but not in detail. 

Equally extensive work in nearby areas has served to define the 

Kayenta Branch of the Anasazi Tradition and to place the Tsegi—Marsh 

Pass material into the broader context of this conceptual category. 

Neither the history nor the content of Tsegi Canyon archaeology and 

dendrochronology can be divorced from those of the Kayenta Branch as 

a whole. 

ARCHAEOLOGY 

The first recorded observation of prehistoric remains in this 

region were made in 1859 by Captain J. G. Walker of the United States 

73 
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3rd Infantry operating out of Fort Defiance, New Mexico Territory 

(Bailey 1964b). Captain Walker commanded two reconnaissance expedi­

tions sent out to gather information on the whereabouts, hiding 

places, and mood of the Navajos, in preparation for a possible punitive 

war against them. His second expedition, in September 1859, was the 

Army's first penetration of the hitherto unknown area west of the 

Chinle and north of the Moqui Trail from Fort Defiance to the Hopi 

villages. Walker's command crossed Black Mesa, descended into Long 

House Valley, passed through Marsh Pass, and returned to Fort Defiance 

by way of Canyon de Chelly. Camp the night of September 12, 1859, was 

made at the large surface ruin now called Long House (Fig. 1). 

Walker's report on the expedition stresses the ruin's similarity to 

other sites he had observed in the region (Bailey 1964b: 84). 

The Marsh Pass region practically disappears from written 

history for the next 35 years. Despite statements to the contrary 

(Hargrave 1935a: 8), there is no evidence that Kit Carson's activities 

in rounding up Navajos for transfer to Fort Sumner is 1863 and 1864 

ever brought him this far west. Carson restricted his efforts along 

this line to Canyon de Chelly (Sabin 1914; Estergreen 1962; Bailey 

1964a). A few immigrant trains may have passed through Marsh Pass 

after 1880 (Gillmor and Wetherill 1953: 14-15; Crampton 1962: 1), but 

they left no record of observation of prehistoric remains. Prospec­

tors, in their never-ending quest for gold, roamed the countryside in 

the last three decades of the 19th century (Crampton 1960: 73-6) and 

undoubtedly discovered a wealth of archaeological material. Since most 
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of their activity is shrouded in anonymity, no record was ever made of 

such archaeological "discoveries." 

As in so many other areas in the plateau Southwest, the 

archaeological resources of the Marsh Pass region were first made 

known through the explorations of the Wetherill brothers of Mancos, 

Colorado. Beginning in the 1890*s, Richard, Alfred, John, Clayton, 

and Win Wetherill, and Charlie Mason ranged deep into virtually unknown 

country. John Wetherill claims to have visited the Tsegi as early as 

1893 (Guernsey 1931: 3). In 1895 and 1897 Richard Wetherill led two 

expeditions into the area, both of which concentrated on Kiet Siel 

(McNitt 1957: 78-84, 153-63). In 1906 John Wetherill and Clyde 

Colville established a trading post at Oljato, the first permanent 

Anglo habitation south of the San Juan River and north of Ganado or 

Tuba City. In 1910 they moved to Kayenta and founded the trading post 

which for 30 years served as a jumping-off point and supply station 

for numerous archaeological explorations throughout the entire region. 

During the first decade of the 20th century, Byron Cummings 

of the University of Utah had been engaged in exploring southern Utah 

for archaeological sites. In the summer of 1908, after digging at 

Alkali Ridge, he moved south, crossed the San Juan, and initiated a 

25-year period of extensive exploration and excavation in the Kayenta 

district. From 1908 until 1930, with few interruptions, Cummings made 

trip after trip for the University of Utah and, after 1915, for the 

University of Arizona into the canyons and mesas of this rugged land. 

Although his focus of interest was on the more spectacular late sites, 

he recognized as early as 1909 that older material underlay the later 
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remains (Judd 1950: 23-4). He dug in many early sites, notably the 

large Basketmaker III village at Juniper Cove. 

Cumrnings' pioneering activities paved the way for other 

archaeological investigations into this still wide-open region. 

J. Walter Fewkes visited the area in 1909 or 1910 or both (Fewkes 

1911). His report, along with recommendations by W. B. Douglass, 

Examiner of Surveys, United States Land Office, resulted in the 1912 

proclamation of President Taft that established Navajo National Monu­

ment. 

From 1914 to 1917 and from 1920 to 1923 parties from the 

Peabody Museum at Harvard University, under the direction of Alfred V. 

Kidder and Samuel J. Guernsey, operated out of Kayenta with Clayton 

Wetherill as guide (Kidder and Guernsey 1919; Guernsey and Kidder 1921; 

Guernsey 1931). Their work in later ruins—the small cliff dwellings 

in Monument Valley, the South Comb, and near Marsh Pass; and the large 

ruin of Poncho House on the Chinle—complemented Cumrnings1 work. 

Their chief contribution, however, lay in their work on older material. 

They discovered Basketmaker II remains that enabled them to propound 

the classic definition of this early cultural stage. Material 

unearthed in Tsegi Canyon provided the basis for the definition of 

the content of the Basketmaker III period. 

The decade after 1923 was a period of relative inactivity in 

the Kayenta area. Cumrnings continued his explorations and limited 

excavations throughout the Kayenta region (Turner 1962: 4). The 

Bernheimer Expeditions of 1921 (Morris 1922) and 1926 passed through 

the Tsegi but concentrated on the Navajo Mountain area. About the 
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same time, the Los Angeles County Museum, the University Museum of the 

University of Pennsylvania, and the Public Museum of the City of 

Milwaukee (West 1927) were briefly active near Navajo Mountain and in 

Navajo Canyon. Noel Morss undertook surveys of the middle Chinle 

Valley in 1925 (Morss 1927) and of White Mesa in 1927 (Morss 1931) for 

the Peabody Museum at Harvard University. Gila Pueblo surveyed in the 

Navajo Mountain—Marsh Pass region and sunk a stratigraphic test into 

the trash mound at Turkey Cave in the Tsegi (Hargrave 1935a: 17). 

Most of this work was focused away from the Tsegi itself, but is of 

primary importance in providing comparative material from Kayenta 

Branch sites across a wide area. 

One of the most ambitious scientific projects of the century 

was begun in this area in 1933. This was the Rainbow Bridge—Monument 

Valley Expedition, whose purpose was a complete scientific study of 

the region lying between the Colorado River and the Chinle Valley 

(Hall 1933). The research included archaeology, ethnology, botany, 

zoology, entomology, geology, paleontology, topographic mapping, and 

aerial photography. The results were to be integrated into a single 

analysis intended to provide a basis for assessing the potential of 

the region as a national park and to lay a foundation for the future 

administration of the area. 

Archaeological parties of the Rainbow Bridge--Monument Valley 

Expedition were in the field from 1933 through 1938. This was the 

most ambitious and massive archaeological effort in the Southwest up 

to that time. On occasion, as many as five parties were in the field 

at once, and the total number of people engaged in archaeological work 



ranged from 30 to 70 (Beals, Brainerd, and Smith 1945: 7). Survey 

parties ranged far afield: through the canyons of the San Juan and 

Colorado Rivers, into the Monument Valley and Navajo Mountain areas, 

and upon Black Mesa and the Kaiparowitz Plateau. Excavation, however, 

was concentrated near Kayenta and Marsh Pass, with Tsegi Canyon a 

primary focus of attention. 

In 1933 a survey party directed by Lyndon L. Hargrave of the 

Museum of Northern Arizona passed up the Tsegi from Marsh Pass, 

traversed the length of Dogoszhi Biko, gained the top of Skeleton 

Mesa, and proceeded on to Navajo Mountain, recording many sites along 

the way (Hargrave 1935a). Hargrave again took the field in 1934 and 

concentrated on a small tributary of Dogoszhi Biko called Waterlily 

Canyon. In this area Hargrave1s party investigated Twin Caves Pueblo; 

a Pueblo II surface masonry site; a group of brush shelters; a number 

of Basketmaker II burials; and Horned Owl or Woodchuck Cave, a 

Basketmaker II burial site (Hargrave 1935b; Lockett and Hargrave 1953). 

In addition, they excavated Lenaki, a small but important late Pueblo 

II cliff dwelling near the head of Dogoszhi Biko (Hargrave 1935b). 

The Expedition was reorganized in 1935 (Beals, Brainerd, and 

Smith 1945: 5-7). Direction of the project was assumed by Charles D. 

Winning, who established a large base camp at Marsh Pass. An intensive 

survey of Tsegi Canyon was launched, which that year covered an area 

three miles on either side of the survey camp at Peach Springs. In 

addition, excavations were undertaken in RB-564 near Marsh Pass and 

RB-568, a burial ground on Parrish Creek (Kaycuddie Wash). In 1936 

the survey of Tsegi Canyon was continued downstream to the mouth of 
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Cobra Head Canyon. Excavations were continued in RB-568 and begun at 

RB-551 on Black Mesa. In 1937 the survey of the Tsegi from Cobra Head 

to a point two miles above Marsh Pass was completed. Excavations con­

tinued at RB-568 and RB-551, and RB-1006 in Cobra Head Canyon was dug. 

In 1938, RB-1006 and RB-1008 were excavated, and more work was 

accomplished on RB-568. 

One of the major contributions of the Rainbow Bridge—Monument 

Valley Expedition was the detailed mapping of parts of the Tsegi system. 

This map was published by Beals, Brainerd, and Smith (1945, Map 1) and 

remains the only good detailed map of this large area. 

Other contributions of the Expedition were the excavation of 

early sites and later burial grounds and the detailed analysis of 

Kayenta Branch ceramics. No work was done in Tsegi Phase sites, but 

the older material helps fill a void in our knowledge of the period just 

prior to the Tsegi Phase. 

In 1933 and 1934, a CWA project directed by Irwin Hayden worked 

in and around the Tsegi. During the winter of 1933-34 this group 

excavated and stabilized Kiet Siel. 

After the demise of the Rainbow Bridge--Monument Valley Expedi­

tion, a deep archaeological silence fell over the canyon as South-

westernists turned their attention to different problems. First, World 

War II, and then, with the renewed post-war activity, Mogollon sites 

far to the south occupied the attention of archaeologists. The Pueblo 

Ecology Study briefly touched ground here in 1949, but did not linger 

(Taylor 1958: 3). No major archaeological excavations were to be 

undertaken in the Tsegi until 25 years later. 
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In the meantime other areas occupied by Kayenta Anasazi began 

to receive more attention, principally through the impetus of salvage 

archaeology. Work on the Four Corners Pipeline across northern Arizona 

first disclosed the presence in the Klethla Valley of Pueblo III pit-

houses contemporaneous with large surface masonry pueblos (Bliss 1960). 

Later highway salvage in the same area confirmed and helped further 

define this hitherto unknown residence pattern (Lindsay and Ambler 

1963: 88-9) . A survey of Monument Valley undertaken at the request of 

the Navajo Tribe will, when published, greatly augment our knowledge of 

the Kayenta occupation of that desolate but awesomely beautiful area. 

By far the greatest post-war contribution to Kayenta Branch 

archaeology has been the Upper Colorado River Basin Salvage Programs 

of the Museum of Northern Arizona and of the University of Utah in 

the area flooded by the waters of Glen Canyon Dam. The tremendous 

amount of work accomplished in the canyons and uplands flanking the 

rivers illuminates many aspects of Kayenta Anasazi prehistory, includ­

ing the geographic boundaries of Kayenta influence, trade routes, 

settlement patterns, and ceramics (Lindsay and Ambler 1963: 88; 

Jennings 1966). Unlike much earlier work, the Glen Canyon Salvage 

projects have produced a number of excellent publications (Adams 1960; 

Adams and Adams 1959; Adams, Lindsay, and Turner 1961; Lindsay 1961; 

Ambler, Lindsay, and Stein 1964; Fowler, Gunnerson, Jennings, Lister, 

Suhm, and Weller 1959; Lipe 1960; Lister 1959; Lister, Ambler, and 

Lister 1960; Lister and Lister 1961; Sharrock, Dibble, and Anderson 

1961) . These publications provide a large and still growing literature 

on the Kayenta Anasazi which is pertinent and extremely important to 
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any consideration of the Tsegi Phase. This body of data provides much 

of the framework within which Tsegi Canyon archaeology must be inter­

preted. 

It was not until the 1960's that archaeological excavation was 

resumed in the Tsegi itself, after a hiatus of 25 years. In 1963 David 

A. Breternitz of the University of Colorado sunk two stratigraphic test 

pits, 8 and 11 feet deep, into the great trash mound in Turkey Cave 

(Breternitz 1964). In 1964 and 1965 Keith M. Anderson, Archaeologist 

at Navajo National Monument, undertook stratigraphic escavations in 

the shallow trash at Betatakin and the deeper refuse of Kiet Siel. 

Anderson has also studied several collections made previously in the 

Tsegi, including those of Cutranings housed at the University of Utah, 

and the Monument's own collection of material from Kiet Siel assembled 

by the CWA project of 1933-34. Hopefully, the recent rebirth of 

interest in Tsegi Canyon archaeology can be sustained and developed 

into a disciplined attack on the many problems that remain unsolved. 

Taylor's (1958: 3, 14-15) pessimism notwithstanding, much significant 

material yet remains in this storied area that has already received 

more than 100 years of archaeological attention. 

Regrettably, most of the work done in the Tsegi remains 

unpublished. McNitt (1957) is the best source of information about 

Richard Wetherill's work in the 1890's. John Wetherill has described 

the events leading up to and following the discoveries of Kiet Siel 

(Wetherill 1935, 1955a) and Betatakin (Wetherill 1955b). Scattered 

articles by Cummings (1910, 1915, 1953) include some miscellaneous 

data on Tsegi Canyon sites and some of his conclusions from these 
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data, but no excavation reports on any of these sites have appeared. 

Preliminary drafts of a report on Betatakin are on file at the Arizona 

Pioneers' Historical Society in Tucson, and some of his field notes 

are housed at the Pioneers' Historical Society and the Arizona State 

Museum. 

J. W. Fewkes (1911) produced a short account of his visit to 

"Navajo National Monument," which includes sketchy descriptions of 

many Tsegi Phase sites and more detailed treatment of Betatakin and 

Kiet Siel. For a number of reasons this report is of limited value 

(Hargrave 1935a: 16). Judd's (1930) work on Betatakin is the only site 

report on a Tsegi Phase ruin. Considering that it is based on work 

done eight years after the site was excavated, Judd produced an 

admirable piece of work which still stands as the definitive report 

on a Tsegi Phase site. Perhaps the most thoroughly published work in 

the Marsh Pass--Tsegi area is that of the Peabody Museum, Harvard 

University, between 1914 and 1923 (Kidder and Guernsey 1919; Guernsey 

and Kidder 1921; Guernsey 1931). These works provide a large share of 

the data on which much of our knowledge of the Kayenta Branch is based. 

The ambitious Rainbow Bridge--Monument Valley Expedition 

performed poorly when it came to publication of the research. The 

1933 survey report of Hargrave (1935a) is the best description of the 

major Tsegi Phase sites in Dogoszhi Biko, The work of the 1934 

season has been partially published in two brief articles by Hargrave 

(1934; 1935b) and a report on the excavation of Woodchuck Cave 

(Lockett and Hargrave 1953). The magnum opus of the Rainbow Bridge--

Monument Valley Expedition is the work by Beals, Brainerd, and Smith 
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(1945). This is the first study of Tsegi Canyon archaeology to use 

modern techniques of ceramic analysis as the basis for spatial, 

temporal, and cultural interpretations. 

This brief list nearly exhausts the supply of published works 

on Tsegi Canyon archaeology. It is a sad commentary on the history of 

archaeology in the Tsegi that an area long considered a major focus 

of the Kayenta development has not produced a single, complete report 

on any of the many important sites which have been excavated. To 

provide a framework for studies in this area, one must turn to the 

recent work of the Upper Colorado River Basin Salvage Program in the 

Navajo Mountain--Glen Canyon area far to the northwest. 

The collections made by the numerous expeditions into the 

Tsegi are scattered and in many cases lost. Much of the material 

gathered by the Wetherills is at the American Museum of Natural 

History in New York, although some of it has been lost. Cuiranings' 

collections are widely scattered. Most of the material collected 

prior to 1915 is at the University of Utah, while that collected after 

1915 is at the Arizona State Museum, the University of Arizona. Some 

of Cuiranings1 material may be at the United States National Museum 

(Judd 1930: 65), which also has Judd's 1917 collection from Betatakin 

and Fewkes' material from "Navajo National Monument" (Fewkes 1911: 26). 

The collections of Kidder and Guernsey are at the Peabody Museum of 

American Archaeology and Ethnology, Harvard University. The vast 

collections of the Rainbow Bridge--Monument Valley Expedition are so 

badly scattered and mixed that they are practically worthless (Adams 

1960: 9). 
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The extensive Wetherill and Cummings collections, insofar as 

they can be recovered, afford numerous opportunities for future 

research. Instead of taking to the field, the student will have to 

venture into the depths of museum storage rooms and re-excavate this 

material from long-sealed packing crates and dusty shelves. Studies 

of these collections, when integrated with our present knowledge of 

the sites from which they came, would add greatly to our knowledge of 

Kayenta Anasazi technology and culture. Anderson's restudy of the 

Cummings and Kiet Siel collections is an important step in this direc­

tion. 

Despite the inadequacy of published data on Tsegi Phase 

archaeology, some information about these sites has filtered into 

the oral tradition of Southwestern archaeology, and the impression that 

a great deal is known about them is widespread. This general fund of 

unpublished information has formed part of the basis for several 

syntheses of the archaeology of the area. The syntheses are based 

primarily on geographic location, settlement pattern, architectural 

characteristics, and pottery. 

The first of these syntheses was that of Kidder (1924). This 

work established the basic framework for Tsegi Canyon archaeology, 

and subsequent syntheses modified and expanded, but did not substanti­

ally alter, Kidder's analysis. In his classificatory scheme, sites 

now assigned to the Tsegi Phase were placed in the Pueblo Period of 

the Kayenta Culture, which, in turn, was considered to be a separable 

cultural entity within the San Juan culture area (Kidder 1924: 68-72). 

No estimate of the time range of this period was offered. The Pecos 



Classification of 1927 was a refinement and elaboration of Kidder's 

original scheme and was intended to apply throughout the Southwest 

(Kidder 1927). Tsegi Phase sites fall neatly into the Pueblo III 

Period of this classification. Dates were not assigned to any of the 

periods. 

In 1934 Harold S. Gladwin of Gila Pueblo introduced a new 

classificatory scheme based on analogy with the phylogenetic taxonomic 

system used in the biological sciences (Gladwin and Gladwin 1934). 

His scheme included the concepts of Root, Stem, Branch, and Phase 

which were intended to reflect the spatial, temporal, and "genetic" 

relationships among various assemblages of archaeological material. 

Gladwin's classification included a "Sagi" Phase of the Kayenta Branch 

of the San Juan Stem of the Basketmaker Root. To Gladwin, then, goes 

the honor of first defining a "Sagi" Phase which included the same 

sites as the unit that is now called the Tsegi Phase. To his Sagi 

Phase he assigned dates of about 1250 to 1300, based largely on tree-

ring dates from Betatakin and Kiet Siel (Gladwin and Gladwin 1934: 

27, Fig. 7). Some aspects of Gladwin's scheme have not survived the 

test of time, and only the concepts of Branch and Phase are widely 

used at present. 

The most recent and most widely accepted synthesis is that 

of Colton (1939). His scheme shares several features with that of 

Gladwin, and some of Colton's divisions have been likewise ignored; 

however, the more specific categories of the system have been retained. 

One of these categories is the Tsegi Focus, hereafter referred to as 

the Tsegi Phase in compliance with contemporary terminology. Colton 
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is responsible for the definition of the Tsegi Phase as it is 

recognized today a subject to be taken up in the next chapter. 

DENDROCHRONOLOGY 

The first collection of tree-ring specimens from a Tsegi 

Phase site was made in 1920 when Byron Cummings extracted cores from 

three beams at Kiet Siel. Subsequently, Tsegi Phase sites played an 

important role in A. E. Douglass1 development of a tree-ring chronology 

for the northern Southwest. Intensive dendrochronological work in 

Tsegi Canyon was initiated in August of 1927 when Douglass collected 

a number of samples from Betatakin, Kiet Siel, and Turkey Cave. 

Several of the specimens from Betatakin and Kiet Siel were immediately 

crossdated with a floating chronology based on material from Wupatki, 

the Citadel, Mummy Cave, and sites on the Mesa Verde (Douglass 1929: 

750; 1935: 21-2). A few months later, in February 1928, the so-

called Citadel Chronology was linked with another prehistoric 

sequence derived from Pueblo Bonito and the Aztec ruin. This yielded 

a prehistoric floating chronology of more than 580 years. Pueblo 

Bonito was the earliest site in the sequence, Kiet Siel and Betatakin 

the latest. All that remained was to tie the relative chronology to 

the dated chronology that extended back to A.D. 1260. The earliest 

sites in this dated sequence were Kawaikuh and Kokopnyama on Antelope 

Mesa. Sites with a ceramic coriiplex transitional between the assem­

blages of the latest "floating'1 sites and the earliest dated sites 

were suggested as likely spots to search for material that might 

bridge the gap between the two chronologies. In 1929 the Third Beam 
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Kokopnyama, the Showlow ruin, and the Pinedale ruin (Haury and Hargrave 

1931). Excavations at the Showlow ruin produced the famed specimen 

HH-39 which conclusively joined the two chronologies and made possible 

the most accurate prehistoric chronology in the world (Douglass 1929, 

1935; Haury 1962). As a result of this dramatic achievement, Douglass 

and his colleagues were able to assign absolute dates to many major 

Southwestern sites, including Betatakin and Kiet Siel. 

The Rainbow Bridge--Monument Valley Expedition made important 

additions to the tree-ring collections from the Kayenta area. Speci­

mens were collected from both surveyed and excavated sites. None of 

the excavated sites RB-551, RB-568, or RB-1006 were of the Tsegi 

Phase. The bulk of the Expedition's Tsegi Phase material was gathered 

by Hargrave in 1933 and 1934. During this period he collected from 

Kiet Siel, Lolomaki, Twin Caves Pueblo, Swallow's Nest, NA-2606, 

NA-2509, NA-2543, and Calamity Cave. All have at least Tsegi Phase 

components, although not all yielded dates. 

Even after the virtual cessation of archaeological research 

there, the Tsegi continued to draw the attention of dendrochronologists. 

About 1936 an unknown party collected a few specimens from Betatakin 

and Kiet Siel for the Museum of Northern Arizona. In 1941 Deric 

O'Bryan of Gila Pueblo collected cores from Betatakin, Kiet Siel, and 

Scaffold House. Edmund Schulman, in the course of his indefatigable 

chronology-building activities, did not neglect the Tsegi. In 1947 hte 

visited Navajo National Monument and obtained increment cores from 

several trees growing in a cove directly across the canyon from 
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Betatakin. Combining the chronologies of the modern trees with those 

of archaeological -samples from Betatakin, Kiet Siel, and Lenaki, 

Schulman derived a standardized chronology for the area which extended 

from A.D. 698 through A.D. 1946 (Schulman 1948), This chronology is 

admirably suited for dating work throughout the Tsegi, for it is based 

on specimens which represent different localities and several different 

species, including Douglas-fir, juniper, and white fir. 

Tree-ring dates from the Tsegi have been published in a number 

of places. One result of this multiple publication is much duplica­

tion which has caused some confusion and misinterpretation. Douglass 

published Tsegi Canyon dates twice (1935, 1938) and McGregor, four 

times (1934, 1936a, 1936b, 1938). More recently, Smiley (1951) 

republished and summarized all the dates from the Southwest, including, 

of course, those from the Tsegi. Gladwin (1957: 277) lists Gila Pueblo 

dates from the canyon. Breternitz (1963) includes Tsegi Canyon dates 

in his chronological analysis of Southwestern ceramic styles. Despite 

extensive publication, the dates are few in number and difficult to 

interpret because of poor provenience controls. 

It can be seen from the foregoing that, although some dendro-

chronological work has been done in the Tsegi, much more remains to be 

done. The purpose of this report is to present the results of three 

summers' dendrochronological field work in this area which was intended 

to augment and clarify previous work and to provide a firmer foundation 

for temporal and cultural interpretations. This work had as its 

beginning what might be called the Betatakin Dating Project of 1962. 
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The Betatakin Project originated in a series of informal dis­

cussions involving several people. The theoretical considerations that 

underlay the project were developed during several conversations I had 

with Bryant Bannister of the Laboratory of Tree-Ring Research. These 

discussions centered on the ways in which tree-ring dates had previ­

ously been used in the Southwest and other ways in which they might 

possibly be used in the future. It seemed evident that, because of 

many uncontrollable factors, the full promise of tree-ring dating as 

an ultra-refined chronological tool had rarely been realized. Never­

theless, it seemed possible, at least in theory, to come closer to 

realizing this potential than had been done in the past. Our feeling 

was that refined, closely controlled analyses would have both temporal 

and cultural significance. As a result, our discussions developed 

along lines similar to some of those outlined in the discussion of 

problem in Chapter 2. 

With this theoretical background in mind, the next problem was 

to come up with a site at which the theory could be tested. In the 

summer of 1960, Bannister visited Navajo National Monument and came 

away impressed with the promise Betat£>in offered for the type of 

analyses that we had envisioned. Later that same year Bannister 

discussed the situation with Erik K. Reed and R. Gordon Vivian of the 

National Park Service, both of whom were favorably disposed toward an 

intensive chronological analysis of Betatakin. These discussions also 

brought out a number of factors which made Betatakin a promising 

candidate for this type of study. For one thing, the size of the ruin 

guaranteed a great number of specimens. Its size also suggested that 
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it was built over a period of years and might thus provide a broad 

range of dates rather than a single cluster. Another factor in its 

favor was its relative accessibility, which meant that elaborate and 

costly provisions for reaching the site were not necessary. 

A telling point in the decision to attempt such a study at 

Betatakin was the inadequacy of the previous dating of the site. The 

most obvious limitation of the Betatakin dating was the small number 

of dates from a site so large and of such archaeological importance. 

Although for 25 years the dating had been accepted at face value, 13 

dates could not be considered sufficient for adequate interpretation 

of the site. While it was possible that these few dates accurately 

covered the building period of the site, it was equally possible that 

they did not. The fact that most of the dates came from timbers 

lying loose about the cave and in the talus did not increase the 

probability of the dates being truly representative. Thus, ample 

opportunity remained to expand and complete the dating of Betatakin 

begun by Douglass in 1927. 

A possible tree-ring dating project was devised for Betatakin 

which had a two-fold goal: first, to complete the dating of the site 

by collecting specimens from all beams still in the ruin; and second, 

to test the hypothesis that carefully controlled tree-ring evidence, 

when combined with other types of archaeological evidence, could aid 

greatly in the archaeologists' comprehension and interpretation of 

the culture of the site's inhabitants in the manner outlined in 

Chapter 2. 
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Once the concept of the proposed study had been worked out in 

detail, it was presented to the Southwest Region, National Park 

Service, for consideration. The Southwest Region very generously 

provided financial support without which the project would not have 

been possible. Thus, a theoretical exercise became an actuality. 

It was with a great deal of anticipation, then, that I took 

the field in the summer of 1962. Two months were spent at Betatakin, 

where every beam greater than two inches in diameter was sampled. The 

rest of the field season was spent surveying the canyons to locate 

other sites suitable for collection. Additional tree-ring material 

was collected from Scaffold House and Kiet Siel. Results of analysis 

of the Betatakin collection the following winter proved to be so good 

that it was decided to mount a second collecting expedition to the 

Tsegi. This decision led to the Kiet Siel Dating Project. 

Kiet Siel possessed the same virtues for intensive dating 

analysis as did Betatakin. In fact, it appeared to be even more 

promising; preservation was more complete and the site was larger, a 

fact which presented the prospect of an even larger collection and 

more dates upon which to base the analysis. Once again the Southwest 

Region, National Park Service, provided financial support for the 

field and laboratory work. 

Two and one-half months were spent in sampling Kiet Siel and 

other sites in Kiet Siel Canyon, such as Turkey Cave, Turkey House, 

NA-8435, and NA-8624. A brief survey trip was made up Dogoszhi Biko, 

where specimens were collected from Nagashi Bikin and Batwoman House. 

A second collecting trip was made to Scaffold House. Long House, a 
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large pueblo in Long House Valley, was also sampled. Analysis of the 

collections during the following winter produced a large number of 

dates, especially from Kiet Siel. 

In the summer of 1964 a third trip was made to the Tsegi. 

John W. Hannah of the Laboratory of Tree-Ring Research and I comprised 

the field party. Our objective was not so much the collection of 

tree-ring samples as it was the documentation of the sites from which 

collections had already been made. Many of these sites had not been 

accurately mapped, and only a few were represented in museums by 

adequate sherd collections. Ground plans were made of Nagashi Bikin, 

Batwoman House, Lolomaki, NA-7251, Swallow's Nest, Scaffold House, 

NA-8435, NA-8624, and Long House. This work was accomplished under a 

grant from the Arizona State Museum, the University of Arizona, Tucson. 

The previous 100 years of archaeological work and 40 years of 

dendrochronological research in Tsegi Canyon provide the background 

to the present study. This work has made the Tsegi Phase one of the 

best defined and best dated phases in the Southwest. The full impli­

cations of this statement are brought out in the following section of 

this report. 



CHAPTER 5. THE ARCHAEOLOGY OF THE TSEGI PHASE 

An extended discussion of the archaeological content of the 

Tsegi Phase is necessary for a number of compelling reasons. First, 

the lack of published reports has left a large gap in our knowledge 

of the phase. Judd's (1930) volume on Betatakin is the only such 

report, and it is far from complete. It is necessary, then, to at 

least partially fill in some of the details of this phase, if only for 

the archaeological record. Second, tree-ring dates are of only limited 

value unless they can be related to specific features of the archaeol­

ogy. This cannot be done in the present state of Tsegi Canyon 

archaeology, for simply not enough data on any of the sites has been 

published to make it possible. Third, recent developments in Kayenta 

Branch archaeology and new trends in the science of archaeology demand 

a reappraisal of our knowledge of Tsegi Canyon prehistory. 

Despite the fundamental need for more data on the Tsegi Phase, 

this is not the place for an exhaustive analysis of every facet of 

the phase. Therefore, only those selected aspects of the phase which 

relate most closely to the problem orientations of this study are 

emphasized. Settlement pattern and architecture can be most directly 

related to tree-ring dates and receive considerable attention. 

Ceramics, because of their value in dating and as phase determinants, 

are considered at some length. Other criteria, such as non-ceramic 

material culture, technology, and burial patterns, are considered only 

insofar as they are germain to the purposes of this paper. 
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DEFINITION OF THE PHASE 

Gladwin and Gladwin (1934) can be credited with coining the 

term "Sagi Phase" as applied to the late Pueblo III occupation of the 

Kayenta area. However, it remained for Harold S. Colton to precisely 

define the archaeological criteria by which this particular taxonomic 

unit is recognized (Colton 1939: 58-9). His Tsegi Focus was the final 

such unit in a series of six foci which comprised the Kayenta Branch of 

the Anasazi Root (Colton 1939: 51-9). These units compartmentalized 

the sequence of development from Basketmaker II through Pueblo III 

within the Kayenta Anasazi area. It is not my intention to discuss 

any of the earlier phases of this sequence, except to remark that 

recent work indicates that some modifications must be made in Colton's 

system, especially with regard to the temporal limits of each phase. 

Colton (1939: 58, Fig. 11) restricts the geographical range of 

the Tsegi Phase to Tsegi Canyon and surrounding areas. For reasons 

discussed in Chapter 1 I adhere to these limits, even though some 

argument could be made for including contemporaneous Kayenta Branch 

sites as far away as Navajo Mountain. In this paper the spatial 

distribution of the Tsegi Phase is considered to include the canyon 

itself, the mesa tops on either side of the canyon, Marsh Pass, Long 

House Valley, and the valley of Laguna Creek as far east as Kayenta. 

Personal observation has shown that sites which conform to the 

definition of this phase do actually occur in these areas. 

Colton is inconsistent in the dates that he assigns to the 

phase. In one instance (Colton 1939: 58) he gives a range of 1250 

to 1300. The beginning date of 1250, however, produces a gap of 
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50 years in his sequence, for the preceding Klethla Phase is given a 

terminal date of 1200 (Colton 1939: 58). In another place (Colton 

1939: 14, Table II), he gives dates of 1200 to 1300, thus closing the 

gap. The work reported here clarifies this situation by more pre­

cisely defining the temporal limits of the Tsegi Phase. 

Colton (1939: 59) lists the following traits as determinants 

of the Tsegi Phase: 

Indigenous pottery: Kiet Siel Gray, Tsegi Orange, Tsegi Red-
on-orange, Tsegi Polychrome, Dogoszhi Polychrome, Kayenta 
Polychrome, Kayenta Black-on-white, Tusayan Black-on-white. 

Architecture: Large cliff pueblos; circular and rectangular 
kivas. 

Non-ceramic material culture: grooved metate, two-hand 
mano, full grooved ax, digging stick, bow and arrow, 
loom. 

Cultivated plants: cotton, corn, beans, pumpkin. 

Domesticated animals: dog, turkey. 

Disposal of dead: inhumation, flexed. 

Physical type: brachycephalic, deformed. 

This list of traits is not so impressive as it may appear. No studies 

of non-ceramic artifacts, foodstuffs, disposal of the dead, or physical 

type have been made for any Tsegi Phase site. In any event, these 

traits are of minor importance in defining the phase; settlement 

pattern, architecture, and ceramic assemblage are the only features 

which differentiate the Tsegi Phase from the preceding Klethla Phase 

(Colton 1939: 58). 

Colton's definition of the Tsegi Phase is basically sound and 

stands the test of further work well. The necessary modification in 



this construct are apparent in the following discussion of the 

archaeological content of the phase. 

ARCHAEOLOGICAL CONTENT OF THE PHASE 

SETTLEMENT PATTERN 

The Tsegi Phase settlement pattern is more complex than might 

be expected from the results of previous work in the Kayenta area 

work which was concentrated on the well preserved cliff dwellings. It 

is quite true that all the large villages in the Tsegi are found in 

caves or on ledges at the foot of overhanging cliffs. The pattern of 

cave utilization is an old one in the Kayenta Branch. It began at 

least as early as the Basketmaker II period, as exemplified by sites 

such as White Dog Cave (Guernsey and Kidder 1921) and Woodchuck Cave 

(Lockett and Hargrave 1953). The use of caves as alternatives to 

settlement in the open continued throughout the subsequent history 

of the area. Some caves, such as Turkey Cave (Guernsey 1931: 57-60; 

Breternitz 1964: 22) were apparently occupied throughout the entire 

period of Kayenta Branch history. How ever ancient and persistent 

the Kayenta utilization of caves might be, it is inaccurate to impute 

too much importance to this pattern, as Gladwin (1957: 219-20) has 

done. It is extremely unlikely that the number of Kayenta people 

living in cliff shelters ever exceeded the number living in open 

sites, even during late Pueblo III times when most of the Tsegi 

Canyon population was concentrated in a relatively few cliff sites. 

Even in the restricted area encompassed by the Tsegi Phase 

there are a number of open sites. Some of these are quite large. 



Long House in Long House Valley, Marsh Pass 7:4 east of the pass, and 

a site near Kayenta range in size from 50 to 100 rooms. All these 

large sites—open or sheltered have one important characteristic 

in common: they are located on eminences raised above the surrounding 

countryside. The three open sites mentioned all occupy rock outcrops 

or ridges overlooking the valley floor. In this regard they exhibit a 

definite tendency to avoid the alluvium (Fig. 5). The reasons for 

this are not known. However, if a period of active stripping and 

sheet erosion had set in by this time (Cooley 1962), the alluvial 

flats would have been a precarious and uncomfortable place to live. 

Or the villagers may have wanted to preserve the alluvium for farming. 

Whatever the reasons, the preference for building on rocky eminences 

above the alluvium is a definite part of the Tsegi Phase settlement 

pattern. Figure 5 illustrates the results of this preference at Long 

House and at a site near Kayenta. 

In addition to the larger open sites, there are many smaller 

ones. A few scattered architectural sites with a Tsegi Phase ceramic 

assemblage occur throughout the canyon. Such sites can account for 

only a very small percentage of the total population. A great many 

open sites of the period consist only of a scatter of sherds across 

a sand dune or alluvial terrace, with no evidence of associated struc­

tures. These may represent camp sites or spots from which people 

kept watch over their fields. Adams (1951: 61-3) suggests a pattern 

of winter residence in the sheltered cliff villages and summer 

residence in small farm houses and larger, but temporary, communities 

near the fields. This hypothesis deserves testing, although it seems 
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Fig. 5. Representative Tsegi Phase surface pueblos. In their 
locations on rocky eminences near the junctures of two streams, both of 
these sites exemplify the Tsegi Phase settlement pattern, a, Long House; 
b, the Parrish Creek Site, which consists of a number of rooms pecked 
into the rock of the large Navajo sandstone erosional remnant. 
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unlikely that the larger open sites were occupied only seasonally. The 

Tsegi Phase population seems to have been divided between open and 

sheltered communities ranging in size from small, isolated units to 

large villages of up to 150 persons. Within the confines of Tsegi 

Canyon only the cliff shelter type of village is found. Despite the 

abundance of high ground overlooking the alluvial terraces, no large 

open sites occur. 

Figure 1 illustrates the fact that nearly all the Tsegi Phase 

sites are located in tributaries of the major canyons rather than in 

the main canyons themselves. This pattern of residence is related to 

a number of geographical and environmental factors. 

Location in the side canyons puts the villages near the 

junction of at least one, and sometimes several, tributary canyons 

with a main stem channel. These juncture areas provide the best 

farming areas within the Tsegi Canyon system. There are two reasons 

for this. First, there is much more farm land in these areas than in 

stretches of the canyon where no tributaries breach the confining 

walls of the narrow gorge. Figure 2 illustrates this phenomenon at 

the Confluence of Betatakin and Kiet Siel canyons with the main Tsegi. 

Second, there are as many sources of water as there are tributaries 

plus the main channel. Fields located along enclosed stretches of 

canyon could normally draw only on the water of the main stream. In 

effect, water from a large drainage area is channeled toward these 

areas by the converging streams. This situation is well suited for 

ground-water or flood-water farming, in that runoff from the crucial 

summer rains is directed to the fields. Irrigation water could be 
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diverted from the shorter more steeply graded tributary streams at a 

distance much nearer the fields than it could be obtained from the 

more gently graded main stream. Thus, a simpler system of canals 

could be constructed by using the tributaries instead of the main 

channel. This pattern of irrigation is found at the Beaver Creek 

community at the confluence of Beaver Creek with the San Juan River 

(Lindsay 1961) . Water for irrigation was diverted from the tributary 

rather than from the San Juan. 

There is one major exception to the generalization that the 

villages are located in tributary canyons. Swallow's Nest is 

located in a cave in the Lukachukai member of the Wingate sandstone, 

directly overlooking Laguna Creek. At this point the canyon widens 

near the confluence of three major tributary canyons. 

The explanation offered above for the situation of major 

sites near the convergence of two or more streams does not constitute 

an explanation of the location of these sites in caves near the heads 

of the tributaries. If the use of caves can be explained, the loca­

tion of Sites in tributary canyons is automatically explained. The 

largest, deepest, and thus most suitable caves are found in the 

tributaries where headward erosion has had its maximum effect. Caves 

along thte main stem canyons are generally quite shallow and lack 

developed floors. Compare the shallow, poorly developed cave in the 

upper lfeft of Figure 3 with the deep overhang of Betatakin Cave 

shown in Figure 15 b. 

A number of factors probably caused the Tsegi Phase people to 

build in the caves and shelters. First, is the general pattern of 
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Tsegi Phase avoidance of the alluvium and preference for homesites 

elevated above the floodplains. In the canyons this pattern performed 

a very useful, if incidental, function in that it kept large villages 

off the floodplain, which could then be devoted exclusively to agri­

culture. Usable farmland was not overabundant in the narrow Tsegi. 

This in itself does not explain the preference for caves, because 

there are innumerable ledges, ridges, and rock benches which would 

have suited this predilection. Second, the caves were dry and 

protected from the elements. They provided a ready-made roof, and 

many outdoor activities which might otherwise have to be suspended 

during a rainstorm could have been continued in the cave. Other 

things being equal, a cave might have been chosen over an open site 

because of the shelter it afforded from the elements. Third, the 

inhabited caves are shady and cool during the summer when the sun is 

high, and warm in the winter when the low sun shines into them and 

heat is reflected from their sandstone walls. The last two factors 

are incidental benefits of residence in caves, and probably would not 

in themselves constitute primary motivation for use of the shelters. 

Even in combination the three are not crucial to the habitation of 

caves, since these requirements could be satisfied at open sites as 

well. 

A universal characteristic of these sites is their association 

with springs. Although a few have no flowing springs at present, 

there is good evidence that they once did. Gregory (1917: 133-4) has 

pointed out the causal relationship between seeps and springs and 

caves in the Navajo sandstone. This undoubtedly made the caves even 
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more suitable for habitation. It is important to note that these 

springs do not depend on the ground water in the alluvium. Thus, their 

attractiveness would have been greatly enhanced if the stripping phase 

of the Tsegi-Naha erosion interval had lowered the water table in the 

alluvium to the point where water no longer flowed permanently in the 

stream bed. At any rate, a spring of cool clear water was not likely 

to be ignored in choosing a home site. 

One final reason for locating in the relatively inaccessible 

cave and ledge sites suggests itself. This is that they are defen­

sive in nature (Kidder 1924: 128; Gladwin 1957: 277; Jett 1964: 291)— 

an interpretation favored by those who believe that the final Pueblo 

abandonment of the San Juan drainage was due to warfare with enemy 

peoples. Actually, little but their isolation and the difficulty of 

clambering up steep slopes of loose talus to reach them suggest a 

defensive function. Both these characteristics are functions of the 

geological processes which produced the caves and determined the 

locations of springs. 

Little or no defensive preparations are discernible at any of 

these sites. The springs so vital to the welfare of the villagers are 

not protected by any kind of defensive structure. Often the spring is 

so far removed from the village that an enemy could capture and hold it 

with no danger to themselves, and then wait until the defenders, driven 

by thirst, came out to meet their fate. A reasonably circumspect 

enemy could approach to within a few hundred feet of some of the Tsegi 

Phase sites and never be seen by the villagers, who seemingly lacked 
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the foresight to build where they could get a good view of the 

approaches to their abode. 

Recognizing the improbability that a group of nomads could 

successfully storm a large village like Pueblo Bonito or Kiet Siel, 

the "enemy peoples" proponents often have their nomads adopting 

tactics of guerilla warfare a la Mao Tse-tung. This is generally 

thought to involve a lightning-like raid on a Pueblo cornfield and a 

hasty retreat to a point of concealment where a few of the hotly 

pursuing villagers are dispatched from ambush (Gladwin 1957: 217-18; 

Jett 1964: 292). A logical concomitant of this theory is that the 

Pueblo people had to huddle together in large defensive villages in 

order to protect themselves from their rapacious and crafty foes who 

had a penchant for picking off farmers one by one as they tilled 

their fields. Thus, "farmers dependent on outlying fields would no 

doubt be the first to be killed or to have their fields destroyed 

and be forced to leave..." (Jett 1964: 292). 

Unfortunately, the data from the Tsegi contradict these 

attractive postulations. The Tsegi Phase people displayed a per­

plexing nonchalance by building many of their villages completely 

out of sight of the supposedly threatened fields and often as far as 

a mile away from them. Furthermore, apparently no measures were 

taken to protect the fields from attack, as easy as this would be to 

accomplish in the narrow canyon where dispersal of fields was not 

possible. Finally, the isolated location of such small, defenseless 

sites as Lolomaki and the abundant evidence for isolated farming 
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"camps" away from the villages argues strongly that there was no press­

ing need for defense during the Tsegi Phase. 

In conclusion, the evidence available indicates that the 

villages were built in caves and on ledges for a number of reasons 

related to the physical environment and to the subsistence needs and 

technology of the people. The presence of springs in the caves and 

proximity to arable land were probably vastly more important than any 

defensive requirements. Subsidiary advantages such as protection from 

the elements were probably welcomed but not critical in the decision 

to locate along the cliffs. 

ARCHITECTURE 

The Tsegi Phase builder had at his command a variety of 

techniques and materials. Many of these have been fully described 

elsewhere and need only be mentioned here; others have been less well 

described and merit closer scrutiny. 

Several different types of material went into the construction 

of these villages. Chief among these are stone, clay, wood, bark, 

reeds, and grass. Each of these materials was used alone and in 

combination with the others for a variety of purposes. One construc­

tional feature notable for its absence is the use of clay and grass, 

juniper bark, or corn husks to form unfired adobe "bricks." Such 

bricks occur in late Pueblo III sites in Navajo Canyon and, on an 

earlier time level, in Tsegi Canyon at Guernsey's (1931: 12) Bubbling 

Springs Canyon, Cave II. 
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Masonry 

"Typical" Kayenta masonry, as it occurs in Tsegi Phase sites, 

is rather crude. Coursing is nonexistent at worst, half-hearted at 

best, and random in most cases. Tsegi Phase masons preferred thin 

tabular slabs of sandstone. They trimmed these slabs to size but did 

not formally dress them. The masonry is characterized by the pre­

dominance of mortar over stone. Small stone spalls were used pro­

fusely but not in the manner of Chaco Canyon masonry to separate rows 

of larger stones. Instead they were pressed rather haphazardly into 

the mortar (Fig. 6 a). The contrast between this type of masonry 

and the coursed, often banded masonry of Mesa Verde and Chaco Canyon 

has frequently been cited as a major difference between the Kayenta 

Branch and the Chaco and Mesa Verde branches (Kidder 1924, Pi. 20; 

McGregor 1965: 337). 

Styles of masonry construction other than the so-called 

typical Kayenta do occur in sites of the Tsegi Phase. Figure 6 

illustrates the variety that is found. Variety notwithstanding, 

"typical" Kayenta masonry (Fig. 6 a) predominates in all the Tsegi 

Phase cave villages. 

Despite the crude appearance of this type of masonry, it has 

one distinct advantage. Because of the quantity of mortar used, walls 

can be "glued" to rather steeply pitched cave floors. At Betatakin 

Rooms 56 through 65 were built on a portion of the cave floor which is 

inclined at an angle approaching 60 degrees. To increase the stability 

of walls built on such steep slopes, the lowest course of stones was 

often laid in a shallow groove pecked into the bedrock. Nevertheless, 
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Fig. 6. Tsegi Phase masonry styles, a, "typical" masonry in 
Room 7 at Betatakin; b, tabular masonry in Room 30 at Scaffold House; 
£, massive masonry at Long House; d, "cyclopean" masonry in Kiva 9 at 
Guernsey's Cave 1 in Bubbling Springs Canyon. 
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the tenacity of the mortar undoubtedly made the construction of walls 

on such steep inclines possible. This may be an important reason for 

the use of this type of masonry in the caves, for open sites in the 

area—such as Long House (Kidder and Guernsey 1919: 61-3; Fewkes 

1911: 10, Pi. 4)—often possess a somewhat different type of masonry 

characterized by larger stones, more regular coursing, less mortar, 

and occasional rubble coring (Fig. 6 £). 

A type of masonry unique to Tsegi Canyon is found in Room 55 

at Betatakin. This is a double-faced wall with a core of adobe and 

small sandstone spalls, quite similar to the walls of Long House. The 

facings of these cored walls are of the "typical" variety. 

Jacal 

Another trait which distinguishes Kayenta architecture from 

that of the Chaco and Mesa Verde is the frequent occurrence in the 

Kayenta of walls built by the wattle-and-daub, or jacal, technique. 

The techniques of jacal wall construction have not heretofore been 

adequately described; therefore, a discussion of these methods is 

presented below. Since some of the tree-ring dates come from timbers 

used in jacal construction, an understanding of the nature of these 

walls is necessary to an adequate interpretation of the dates. 

The builders of the Tsegi Phase cliff pueblos employed jacal 

walls in a number of different ways. Usually only one wall of a room 

is of the jacal type, but rooms with two and even three jacal walls 

do occur, notably at Scaffold House. No structures with four jacal 

walls have been preserved. 
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The method of construction is uniform throughout the Tsegi 

(Fig. 7 a). The first step in constructing such a wall was to set 

several posts firmly into the ground at regular intervals along the 

line to be followed by the wall. Usually these posts were from 1% to 

2 inches in diameter and long enough to reach the roof level. In 

instances where the doorway was to open through the wall, a post was 

set at each side of the proposed doorway. The necessity to sink the 

posts into the ground required that jacal walls be built where there 

was some kind of fill either sand or trash rather than bedrock 

underfoot. This requirement is an important determinant of the 

location of jacal-walled rooms. 

Next, a single row of vertical twigs or reeds was set up 

between each pair of support posts. These sticks were not embedded 

in the ground but were anchored to the support posts by a series of 

paired horizontal sticks. Two sticks were placed opposite each other 

on either side of the wall of twigs and lashed firmly to the support 

posts with yucca-leaf ties. At regular intervals between each pair of 

support posts the horizontal withes were bound tightly together by 

yucca-leaf ties which passed through the wall of twigs. The twigs 

themselves were not tied or fastened to anything. At least four 

sets of horizontal withes were used per wall, the lowest being at 

floor level and the others set above that at intervals of 18 to 24 

inches. The wall of support posts and sticks usually reached to 

rooftop level or higher. Often no attempt was made to trim the tops 

of the sticks or posts, so they projected in ragged fashion above 

the rooftop. The base of the wall, including the lowest pair of 
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Fig. 7. Jacal wall construction, a, front wall of Room 35 at 
Betatakin showing constructional techniques; b, front wall of Room 33 
at Kiet Siel showing the finished appearance. 


