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Foreword 

In 1971, the National Park Service began an 
intensive archeological study of Chaco Canyon 
National Monument, New Mexico, one of the Na­
tion's most important cultural resources, and an 
area of extraordinary significance in the prehis­
tory of the American Southwest. This survey re­
port, written by three scientists of the National 
Park Service, is the first of several studies re­
sulting from those investigations. 

With the publication of this study, the first of 
a number of Chaco research goals has been 
reached: to provide a base for increasing our un­
derstanding of the ancient people who left such 
magnificent remains of their culture in Chaco 
Canyon, and to make the results known, both to 
the archeological profession and the general pub­
lic. In addition, an express purpose of the entire 
project has been to provide Service management 
with specific guidelines as to how these valuable 
resources can best be preserved and protected for 
future generations. 

Both the layman and the professional arche-
ologist will find much of interest in this report— 
not the least of which should include increased 
appreciation for the ancient Chacoan people. We 
are just now beginning to realize how sophisti­
cated they were, with their roads and irrigation 
canals, trade contacts with high civilizations in 
South America, elaborate communications tow­
ers, knowledge of astronomy, etc. Although the 
study of these early Indians will continue for 
many years, enough is now known to provide us 
with a tantalizing glimpse of the fascinating way 
in which these people lived. This report is a solid 
beginning in making this understanding possible. 

I am pleased to introduce this first substan­
tive archeological report on the area, and take 
pride in reaffirming the Service's responsibility to 
make available to the scientific community and 
the general public the results of important re­
search on areas of the National Park Service. 

RUSSELL E. DICKENSON 
Director 

Editor's Note: 
On December 19,1980, President Jimmy Carter signed Public 
Law 96-550, which changed the name of Chaco Canyon Na­
tional Monument to Chaco Culture National Historical Park. 

The law added 33 archeological protection sites, totaling 
approximately 8,771 acres, to the newly named unit of the 
National Park System. 
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Introduction 

The Chaco Center became operational in 
1971 as a joint venture of the U.S. Department 
of the Interior, National Park Service, and the 
University of New Mexico. Both organizations 
had been involved with the Chaco for many years 
prior to that time. Chaco Canyon National Mon­
ument was established in 1907 to protect and 
preserve its numerous, outstanding archeologi-
cal resources for the benefit of the public. It has 
been administered by the National Park Service 
since 1916. The University of New Mexico held 
title to certain inholdings in the park until 1931 
when ownership was conveyed to the Depart­
ment of the Interior in return for privileges al­
lowing the University to continue to conduct sci­
entific research in Chaco Canyon. 

Organized archeological investigations in 
Chaco Canyon were begun several years before 
the Monument was created when, between 1896 
and 1899, the American Museum of Natura l 
History, supported by donations from the broth­
ers Talbot and Frederick Hyde, conducted ex­
tensive excavations in Pueblo Bonito. George 
Pepper, assisted by Richard Wetherill, directed 
the clearing of 198 rooms recovering an extensive 
collection of artifacts most of which still are in 
the American Museum in New York. Pepper's 
field notes, which discuss the features excavated 
and list and describe the objects recovered from 
the diggings, were published in 1920. 

Two decades later a second major archeo­
logical program was set up in Chaco. Led by Neil 
M. Judd of the U.S. National Museum, and sup­
ported by funds from the National Geographic 
Society, seven years, from 1920 to 1927, were 
devoted to excavating additional sections of 
Pueblo Bonito and a part of Pueblo del Arroyo 
as well as testing a number of smaller sites and 

other archeological features. As could be ex­
pected, by Judd's time, advances had been made 
in archeological methods and theory since the 
first work at Pueblo Bonito and they were re­
flected in his investigations. He assembled an 
able staff that worked together to excavate with 
care and to undertake detailed studies of arche­
ological remains, data gathered during digging, 
and environmental evidence, in order for Judd's 
reports not only to be descriptively sound but 
also to address reconstructions of culture history. 

The succeeding period of archeological re­
search featured scholars from the Museum of 
New Mexico, School of American Research, and 
the University of New Mexico. Between 1927 and 
1941, these institutions, working jointly at times 
or independently on other occasions, excavated 
part of Chetro Ketl, the Casa Rinconada great 
kiva, a sequence of small village ruins in the 
vicinity of Casa Rinconada, and accomplished a 
number of specific studies in archeology, biology, 
ethnology, and geology. During this time, field 
training programs for university archeology stu­
dents were inaugurated. By 1936, the University 
of New Mexico had built a permanent research 
station across the canyon from Pueblo Bonito, 
and during that summer, enrolled 47 students 
from 17 insti tutions throughout the country. 
This period also witnessed the return of a former 
member of Judd's staff, Frank H. H. Roberts, Jr., 
to Chaco. In 1927, he excavated Shabikeshchee 
Village for the Smithsonian Institution, and for 
years that site, aptly described in Robert's report, 
was considered the type site for San Juan Basin 
Basketmaker III. 

During and following World War II, the 
National Park Service became increasingly more 
involved in archeological activities in Chaco. 
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Until then, Park Service personnel had been 
mainly concerned with custodial duties, protect­
ing the ruins and developing facilities and in­
terpreting the sites for park visitors. However, 
the urgent need to preserve the sites excavated 
by the succession of archeologists beginning with 
Pepper was recognized and a preservation pro­
gram was initiated. Attention was first paid to 
the largest and most extensively excavated site, 
Pueblo Bonito. Judd at tempted earl ier some 
preservation measures there, but they had proven 
ineffectual. A ruins stabilization unit of local 
Navajo Indians was formed under the able su­
pervision of Park Service archeologist Gordon 
Vivian. The larger, excavated sites, such as 
Pueblo Bonito, Pueblo del Arroyo, and Chetro 
Ketl as well as some of the smaller, cleared 
ruins, were stabilized. Standing walls of unex-
cavated sites also were strengthened and pre­
served. The program continues today by tech­
nicians t ra ined by Vivian and by the park 
maintenance crew. To the casual observer, it 
appears that the massive architectural remains 
of Chaco are extremely durable, but the fact is 
that once they have fallen into ruins and re-ex­
posed through excavation, they are extremely 
prone to deterioration from the elements and 
must be given constant care. Improved preser­
vation methods and mate r ia l s are sought 
continually. 

Some archeological work is a necessary part 
of most stabilization projects, for under certain 
circumstances, wall foundations must be cleared 
and contents of rooms removed in order to ac­
complish the necessary preservation. This has 
led to the discovery of some important archeo­
logical remains such as the collection of wooden 
artifacts found when repairing the flood-dam­

aged rear wall of Chetro Ketl. Another form of 
preservation of archeological materials and data 
by park staff has been the salvaging of several 
small sites threatened with destruction by na­
ture and a few that could not be avoided by es­
sential park developments. 

Other recent Chaco research, conducted pri­
marily by Gwinn Vivian of the University of 
Arizona, has expanded our knowledge of the 
Navajo who live in and about the canyon, of an­
cient Anasazi water-control systems, and of the 
possibility that a stratified, class arranged so­
ciety existed there in prehistoric times. 

This brings our resume to the current era 
of Chaco Canyon studies, that of the Chaco Cen­
ter. One could question whether there remains 
anything to learn about Chaco. Hasn't the lengthy 
parade through the canyon of shovel-swinging 
archeologists and their colleagues dug enough 
sites, analyzed sufficient artifacts, gathered ad­
equate data about past climate and resources, 
and made appropriate comparative studies, to 
relate the Chaco story in finality? The answer 
by a group of scholars brought together in 1969 
in a seminar to consider the question was to the 
contrary. This laid the foundation for the estab­
lishment of the Chaco Center. 

John M. Corbett, formerly Chief Archeolo­
gist of the National Park Service, conceived the 
notion of a long-term multidisciplinary research 
program in Chaco Canyon years ago. He was an 
old Chaco hand, having worked there for Edgar 
L. Hewett when the Museum of New Mexico and 
the School of American Research were most ac­
tive in the Chaco. Corbett believed there was 
much yet to be learned about Chaco; he was in­
trigued by the apparent Mesoamerican connec­
tions, and wondered how widespread might have 
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been Chaco culture and its influences. Finally, 
he convinced the National Park Service that a 
comprehensive examination of man and nature 
in Chaco Canyon, to include a re-evaluation of 
previous findings, could produce results signifi­
cant to archeologists and to the interpretive pro­
gram and management of Chaco Canyon Na­
t ional Monument . It was at this t ime tha t 
Corbett organized the above mentioned seminar 
of anthropologists and environmentalists, some 
familiar with Chaco and others who were not, 
who convened in Santa Fe to evaluate the status 
of Chaco prehistory, identify problem areas, and 
suggest procedures for sett ing up another re­
search program for Chaco. Simultaneously, Na­
tional Park Service archeologists prepared a pro­
spectus for Chaco Canyon studies emphasizing 
programs that would benefit Park Service man­
agement and interpretive needs and designed an 
organizational structure to accomplish the task. 

It was decided that the project would best 
be undertaken as a joint endeavor between an 
academic institution with previous experience 
in Chaco and the National Park Service. The 
University of New Mexico was chosen as the 
partner and, in 1971, the Chaco Center—origi­
nally named the New Mexico Archeological Cen­
ter—came into being. The university was to build 
a facility on campus in Albuquerque that would 
provide space for administrative services, labo­
ratory and storage, photographic dark room, ar­
chives, and offices for the staff. The National 
Park Service would lease this space and would 
supply field facilities in Chaco such as housing 
and field laboratory and furnish excavation 
equipment. Federal funds were appropriated to 
support the operation and a staff of archeologists 
and support personnel, all Park Service employ­
ees, was assembled. Certain staff members were 
given joint appointments in the Department of 
Anthropology and have served as part-time fac­
ulty. From the beginning, this small, permanent 
staff has been augmented by temporary employ­
ees, mainly students or recent students from the 
University of New Mexico and other institutions, 
who have assisted in field, laboratory, and an­
alytical studies. Environmental studies have 
been achieved through contracts with qualified 
University of New Mexico scholars and special­
ists in other Federal agencies, academic insti­
tutions, and museums. 

The first order of business for the Chaco 

Center was to inventory the cultural resources 
of Chaco Canyon National Monument which, 
despite all the previous activities, had never been 
completed. The first survey, designed and di­
rected by W. James Judge, utilized sampling 
techniques and was confined to selected areas. 
However, to provide more comprehensive infor­
mation and to furnish the manager of the park 
with a complete inventory of the cultural re­
sources for which he is responsible, a "blanket" 
survey of all 32 square miles of the monument 
and its several detached areas was accomplished 
by Alden C. Hayes. The results of these surveys 
are discussed in this volume. Hayes describes the 
Anasazi sites recorded by the traditional over­
all reconnaissance, Judge writes of the sampling 
survey, and comparisons between the two ap­
proaches are made. David Brugge, an expert on 
the Navajo, has taken the data gathered by 
Hayes on Navajo sites and discusses this recent 
phase of Chaco occupation. 

In an effort to assess prior research on Chaco 
prehistory, the Center, early in its existence, set 
up an archive of documents pertaining to Chaco 
which is curated by Thomas Mathews. Starting 
with a large, valuable collection of unpublished 
papers, student reports, field records, and copies 
of obscure references assembled by Gordon Vi­
vian, the archival holdings have been increased 
by additional items of similar nature plus a quan­
tity of notes and reports produced by staff mem­
bers and collaborators. Some of the reports have 
been published in our Chaco Center Papers, an 
in-house publication program. More will be made 
available in that format. Other reports and an­
alytical notes will be incorporated into more com­
prehensive volumes in this series. The archives 
also contain field notes made by some previous 
investigators and photographs and descriptions 
of artifacts recovered by those individuals which 
presently are housed in museums across the 
country. Examinat ion and documentation of 
these collections has been the responsibility of 
Natalie Pattison. 

Remote sensing has proven to be a most val­
uable tool to Chaco research. Encouraged orig­
inally by John Corbett to explore the possibilities 
of employing various types of aerial photography 
in our research, Thomas R. Lyons has become 
our specialist on remote sensing. Working with 
imagery obtained from a gamut of sources rang­
ing from tethered balloons to orbiting satellites. 
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we have put it to use in mapping and recording 
architectural remains and natural features, de­
fining an elaborate network of prehistoric road­
ways, supplementing our knowledge of ancient 
water-control systems, and in many other studies 
of importance to scientists and to the manage­
ment of the area. 

Of course, in this age of computer science, 
the Chaco Center has designed various computer 
programs and uses the University of New Mexico 
Computing Center to record and analyze great 
quantities of data on artifact attributes, distri­
butions, and frequencies, to s tandardize and 
store voluminous field records, to catalog speci­
mens and archival data, and to compile a com­
prehensive bibliography on Chaco. Forms have 
been developed which allow data, both from the 
field and the laboratory, to be recorded in a man­
ner compatible with input into computers. 

With the survey of Chaco underway, an ac­
tivity deemed absolutely essential to most later 
investigations, the Chaco Center staff put its 
mind to planning those future programs. Guided 
by the experience and knowledge of several in­
dividuals who had worked in and around Chaco, 
Alden Hayes, Tom Mathews, and Robert H. 
Lister, and considering the guidelines in the pro­
spectus on Chaco Canyon studies and the tran­
scription of the Santa Fe seminar, a research 
program was formulated. It had to be designed 
in consideration of anticipated funding, person­
nel and time frame, and had to serve Park Ser­
vice needs. It was to be oriented toward contrib­
uting to knowledge of cultural processes and of 
the environment. Specific questions were posed 
relative to the impact of the development of ag­
riculture upon the sequence of resultant changes 
in the cultural systems to include demographic 
organization, religion, and the ar ts , the rela­
tionship between this system and others apart 
from it, and the effects of this introduction upon 
the ecosystem. Did the Chaco pattern of town life 
achieve urbanization? To what extent were pop­
ulation pressures, religion, water-control sys­
tems, depletion of resources, etc. important, in­
f luencing th i s deve lopment and possibly 
contributing to the downfall of Chaco culture? 

The sequence and chronology of cultures in 
the Chaco, from preceramic times through the 
Anasazi occupation to the modern Navajo, needed 
refinement and elaboration. Additional details 
were required concerning the availability and 

utilization of natural resources. What external 
cultural contacts may be discerned as influenc­
ing cultural evolution in the Chaco, and vice 
versa? Specific studies in biology, geology, eth­
nology, physical anthropology, climatology, pe­
dology, palynology, mineralology, etc., which 
would contribute to the goals of the Chaco Center 
were identified. 

The above and many other questions, prob­
lems, and objectives were considered originally, 
and addi t ional ones have ar isen dur ing the 
course of the project which changes directions, 
much like a forest fire, as new factors, findings, 
and directives are introduced. 

What has the Chaco Center accomplished 
toward fulfilling its objectives? Emphasis, to 
date, has been upon the gathering and analysis 
of materials and data in order to test hypotheses, 
examine problems, fill gaps in the cultural se­
quence, and assemble the necessary facts and 
figures to expand our understanding of culture 
patterns and environment in Chaco Canyon. 

Investigations in the field have included 
three archeological surveys, two of which are 
addressed in this report. The third consisted of 
identifying a series of outliers, Chaco sites out­
side the main stem of the canyon which contrib­
uted to the formation of a greater Chaco system. 

Excavations, ranging from total clearing of 
villages to limited testing of ruins or features to 
answer specific questions, have been carried on 
in a representative series of sites selected from 
the survey records. Three Archaic sites have 
been extensively tested, two situated in the open 
and the third beneath a dry rock shelter which 
yielded a valuable collection of wooden artifacts 
and unprocessed vegetal remains. The entire 
Chaco Anasazi sequence has been reexamined. 
Three Basketmaker III units were excavated and 
Shabikeshchee Village, dug originally by Rob­
erts, was probed for samples of burned clay from 
which dates have been obtained allowing for a 
more accurate temporal placement of the site. 

Six sites containing Pueblo I manifestations 
have been cleared. Three are predominately of 
that culture stage, while the other three are in-
terdigited with Pueblo II culture. A four-season 
excavation program, coupled with intensive en­
vironmental studies, has been completed in a 
small side canyon known as Marcia's Rincon. A 
community of village remains ranging in age 
from Basketmaker III to Pueblo III was exca-
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vated for the purpose of comprehending the de­
velopment of culture in a localized ecological 
niche. Plans call for several of these units to be 
stabilized as exhibits-in-place for park visitors. 
To represent the climax period of Chaco culture, 
Pueblo III, we chose to execute a comprehensive 
testing program at Pueblo Alto, one of the major 
Chaco communities. That investigation has pro­
gressed through two field seasons, one season 
remains to be completed. 

The Navajo are the latest Native Americans 
to move into Chaco Canyon and many of their 
abandoned homes and affiliated features are 
scattered throughout the monument. One such 
community, dating from the 18th century, has 
been excavated. Ethnohistoric research, pertain­
ing to various aspects of Chaco Navajo culture, 
also has been conducted. 

Concurrent with the archeological pro­
grams, investigations in biology and geology 
have been carried on during each of the field 
seasons. Soil and vegetation maps and invento­
ries of Chaco flora and fauna have been prepared, 
the geologic history of the canyon—from bedrock 
to recent alluviation and arroyo cutting—has 
been studied, and searches for and analyses of 
lithic deposits which provided materials for a 
variety of artifacts are in progress. Palynological 
studies are providing details about the indige­
nous vegetation and the introduced agricultural 
plants . Weather, cl imate, and runoff records 
have been compiled for Chaco Canyon and the 
Chaco drainage. Growth patterns of coniferous 
trees existing in and near the Chaco basin have 
been charted and evaluated to reconstruct past 
climatic conditions. 

Other projects, frequently requiring multi-
disciplinary endeavors, have dealt with a wide 
range of phenomena. Ground plans of all major 
Chaco ruins have been compiled through the use 
of archeological data, aerial photography, and 
photogrammetry. Over 200 miles of Anasazi 
roadways and associated features have been 
identified and mapped by employing remote sen­

sing techniques and follow-up ground checks. A 
group of "stone circles" situated on cliffs above 
habitation sites were tested by archeologists and, 
after their contents and characteristics were pon­
dered by ethnologists, it was postulated that they 
may have played a part in religious activities. 
Evidence has been gathered and tested which 
supports the notion that the Chacoans had a vis­
ual communications system linking together 
their settlements and perhaps extending as well 
to neighboring population centers. 

Twenty-five reports on specific aspects of 
Chaco archeology, geology, remote sensing, and 
ethnohistory have been published in various 
journals, monographs, and in the papers of the 
Chaco Center. Detailed site reports, artifact 
analyses, and studies of paleoecology are yet to 
come, as are summations of the evolution of the 
Chaco system. 

It has been the responsibility of the project 
director to strive to keep the program on even 
keel and to plan and coordinate a multitude of 
diverse activities, all hopefully contributing ul­
timately to the goals of the Chaco Center. My 
task would have been more difficult had it not 
been for the performance of several highly skilled 
National Park Service archeologists, Al Hayes, 
-Jim Judge, Tom Windes, Tom Mathews, Dave 
Brugge, and Tom Lyons, and a dedicated group 
of competent part-time assistants, all of whom 
contrived ways of putting plans and programs 
into action. Administrative support has been 
provided by Laurie Rimbert, Dorothy Cassidy, 
Rosemary Ames, Del Peterson, and Ray Kloth. 
Our illustrator, Jerry Livingston, has produced 
quantities of high quality art work to document 
reports. 

Finally, recognition need be paid to those 
scholars who, through cooperative agreements, 
contracts, and voluntary efforts have contributed 
immeasurably to our understanding of Chaco 
Canyon and its people. They will be given due 
credit in succeeding reports in which their con­
tributions are incorporated. 

Santa Fe, NM 
March, 1978 

ROBERT H. LISTER 
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Part One 

A Survey of Chaco Canyon Archeology 

Introduction 

No place north of Mexico contains so spec­
tacular an array of prehistoric ruins concen­
trated in so small an area as a 10-mile stretch 
of Chaco Canyon, in northwestern New Mexico 
(Fig. 1). Curiosity about the origins and eventual 
fate of the builders of the large stone pueblos 
found there , and the myriad smaller ones, 
prompted the first white men to record their 
impressions—and to speculate. Over a century 
of investigation, at times intensive, has supplied 
much descriptive and comparative information. 
Speculation is better informed now than in 1849, 
when Lt. James H. Simpson wondered about the 
possibility of a connection between Chaco Can­
yon and Casas Grandes in Chihuahua , and 
whether both places might not owe something 
to the Toltecs or Aztecs of Mexico. But, specu­
lat ion hasn ' t ceased, nor has curiosity been 
satisfied. 

The most recent, attack on the problems of 
Chaco Canyon archeology was jointly launched 
in 1971 by the National Park Service and the 
University of New Mexico, following the estab­
lishment of the Chaco Center in 1971. The Center 
seeks, through various multidisciplinary ave­
nues of research, to learn the history of man's 
occupation of Chaco Canyon, the extent to which 
his life was determined or limited by his physical 
environment, and what effect his activities had 
upon his surroundings. 

A thorough archeological survey is a first 
requirement. 

Figure 1. Map of northwestern New Mexico. 
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2 Archeological Surveys of Chaco Canyon 

Background 

Purpose 

Archeological surveys can assume as many 
different characters as the purposes that stim­
ulate them. Ours was intended to be as compre­
hensive as possible, and to fulfill three functions. 

A basic purpose was to provide a tool for the 
management of the area. The National Park Ser­
vice is charged with the protection of the arche­
ological sites within the boundaries of the Mon­
u m e n t — a difficult t a s k w i t h o u t prec ise 
information about numbers, locations, and types 
of sites. There has long been general knowledge 
of major concentrations, but because of limited 
funds and manpower, and more pressing com­
mitments, no complete inventory was available 
until the end of the summer of 1972. 

A second, more conventional, purpose was 
to ga ther information leading to conclusions 
about the distribution of populations and cul­
tures through both space and time; and to make 
some inferences, when possible, about why peo­
ple located where they did, when they did, and 
what in their culture they might have owed to 
whom. This goal of survey is obviously better 
achieved when there is a sound base of knowl­
edge of the area to work from. Although a first, 
cursory reconnaissance may teach the investi­
gator to differentiate between habitations and 
canals, not until some stratigraphic excavations 
have been made can he place a site in a relative 
period of time. Fortunately, our initial data base 
was considerable. In the past 75 years, five major 
excavations and several minor ones have pro­
vided information that enhances site recogni­
tion. With the experience of earlier archeologists 
at hand, the surveyors knew, with reasonable 
certainty, what kind of site they were looking at, 
and could usually place it in the right century. 
But not much light was shed on the "why" ques­
tions. We are not prepared, on the basis of survey, 
to write a history of Chaco Canyon. 

A third purpose of the Chaco survey was to 
pose questions. A summation of current knowl­
edge of Chaco survey data added to the results 
of earlier research will reveal the obvious gaps 
in that knowledge, and give us the reference 
point from which to plot the direction of further 
investigations. The survey record is also an in­
ventory of resources available for filling in the 

gaps. In realizing this third purpose, the survey 
was successful. There is still no shortage of 
ignorance. 

Setting 

The Chaco Plateau of the Navajo Section of 
the Colorado Plateau (Fenneman, 1931) is a roll­
ing plain characterized by occasional cuestas 
where outcropping Cretaceous sandstones form 
low mesas (Fig. 2). Relief is rather gentle except 
for the sharply incised stretch of Chaco Canyon. 
The plain is mantled with Quaternary silty al­
luvium, although there are exposed sections of 
steeply eroded shales and clays which form spec­
tacular badlands. Sand dunes laid down by the 
prevailing southwesterly winds are common. 

The plateau is bisected by Chaco Wash, 
which heads at the Continental Divide at an al­
titude of about 7,000 feet, and runs west for 65 
miles, then bends to run north for 45 miles to 
join the San Juan River near Shiprock at an 
altitude of 5,000 feet. About 10 miles from its 
head, the wash forms a 20-mile canyon which 
has cut 400 to 500 feet into the plateau. For most 
of its length, the wash is broad and shallow, but 
through the canyon it has cut a steep-banked 
arroyo up to 30 feet deep. Today, the Chaco is an 
ephemeral stream that normally runs only a few 
weeks of the year—as a gentle stream following 
spring snow-melt, and more violently as a result 
of summer's monsoonal storms. No live water 
exists except for an impotable saline pool just 
above the confluence of Escavada Wash at the 
canyon's mouth. Here, the channel has cut to 
bedrock, bringing water to the surface. It is 
known that throughout most of the period of pre­
historic occupation, the present channel did not 
exist, and that the streambed was near the valley 
floor. It was a period of aggradation rather than 
erosion, and although flow was probably not con­
stant (Bryan, 1954), the presence of quantities 
of Scirpus rushes and Phragmites cane from the 
excavations indicates that moisture was quite 
near the surface. Shallow wells for domestic 
water were probably practicable. This situation 
no longer exists, as arroyo cutting has lowered 
the water table (Bryan, 1954; Hunt, 1967). 

The canyon bottom, from a quarter to a half 
mile wide, is relatively flat, with a gentle gra­
dient of about 20 feet to a mile. The canyon does 
not achieve its depth as a sheer fall, but rather 


