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ABSTRACT 

WALNUT CANYON 
SETTLEMENT AND LAND USE 

J. MICHAEL BREMER 

During the 12th and the early 13th centuries Walnut Canyon, located east 

of present day Flagstaff, Arizona, witnessed an explosive growth in the 

number of sites, including limited activity and habitation sites. This 

growth resulted in the formation of distinct communities in the canyon 

and along its rims. Possible explanations for this expansion concern, 

pan southwestern changes, changing methods of agriculture and accommodating 

environmental conditions. A model of settlement and land use concentrating 

on the post-eruptive period after the eruption of Sunset Crater around 

A.D. 1065 is presented. The model was developed from an analysis of settle

ment dating using the Minimal Spanning Tree method and the Terrestrial 

Ecosystem units occupied by sites. Settlement and land use in Walnut Can

yon are discussed for the pre-eruptive, and early and late post-eruptive 

periods. The changes which occurred in settlement and land use in Walnut 

Canyon throughout this time period are explored. 
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CHAPTER 1 

INTRODUCTION 

Regional Background 

The archaeology of Flagstaff, after a long and distinguished history, 
celebrated its 100th year in 1987. Many archaeological sites and projects 
were responsible for establishing the area as an important archaeological 
and scenic region. The National Park Service archaeological survey in 
1985 and 1987 of Walnut Canyon National Monument offered the opportunity 
to explore and make explicit ideas concerning prehistoric settlement and 
land use in the Flagstaff area. 

Few early researchers in the Flagstaff area concerned themselves with 
accurate documentation of the ideological framework behind their work. 
Harold S. Colton, whose life's work focused on the natural and cultural 
features of Flagstaff, was a notable exception. His keen insight into the 
effects of the natural world on prehistoric populations produced exceptional 
results, distinguishing him from many of his contemporaries whose culture-
historical ideas and work were not always published. Although concerned 
with site morphology and site location, he also addressed the relation
ship between local cultural groups, their neighbors and their interaction 
with the environment (Colton 1918 and 1932b:1). His work reflects tradi
tional approaches, yet anticipates current processual and behavioral orien
tations. This study makes an explicit statement about the nature of settle
ment and land use at Walnut Canyon and a more indirect statement about 
potential settlement and land use in the Flagstaff region. 

Settlement and land use can be viewed from many perspectives, all of 
which are not entertained here. The strong relationship between humans 
and environment has provided food for thought for many studies . Using this 
as a primary assumption this document focuses on the relationship between 
Walnut Canyon environment and the pattern of settlement and land use re
vealed by physical remains. 

Project Background 

During the spring and summer of 1985 and the spring of 1987 the Western 
Archeological and Conservation Center conducted an intensive cultural re
sources inventory of Walnut Canyon National Monument (Baldwin and Bremer 
1986; Baldwin 1987). The goals of the Walnut Canyon Archeological Survey 
(WACA 85A) were to provide data for future monument resource management 
and to further define Flagstaff area prehistory (Baldwin and Bremer 1985). 
The survey was also intended to correct inadequacies of previous survey 
records. The survey recorded site location, type, age, size, condition, 
and research potential for all archaeological resources. 

Although much of the monument was previously investigated by various 



individuals and institutions (Colton 1932a; Van Valkenburgh 1958; Euler 
1962, 1964; Gilman 1976, 1977; Suddereth et al. 1976), no one completely 
surveyed the monument nor maintained continuity with earlier projects. The 
1985 survey systematically covered both north and south rims and over half 
the canyon. Two hundred forty-nine archaeological sites (242 prehistoric 
and seven historic), and numerous artifact scatters, isolated artifacts 
and features were recorded (Figure 1). The project located or accounted 
for all sites previously identified by Colton (1932b), Euler (1962), Van 
Valkenburgh (1958), Gilman (1976), various stabilization crews, and the 
List of Classified Structures (LCS) crew (Suddereth et al. 1976). The 
survey also confirmed the high site density that was estimated but never 
accurately documented by early reporters. 

The survey recorded several historic sites and surface remains. These 
and the materials recorded during the 1987 survey are not described in this 
work nor included in the accompanying data analysis (See Appendix B for 
site numbers). (See also: Stein (1986), for a discussion of historic 
resources of the monument.) 

Organization of the Study 

Chapter 2 provides the environmental and archaeological background 
essential for understanding the interpretations offered in subsequent 
chapters. Chapter 3, after a brief summary of the field methods, provides 
a more detailed description of a method, Minimum Spanning Tree analysis, 
for discovering new patterns and objectifying empirical patterns present 
in the spatial distribution of sites in the project area. Chapter 4 pre
sents data from the Walnut Canyon survey and results of the Minimum Spanning 
Tree (MST) Analysis. The final chapter addresses the applicability of the 
Walnut Canyon settlement model to the larger Flagstaff area and beyond. 
It also addresses some of the more perplexing questions about Walnut Canyon 
settlement and land use, including possible evidence and reasons for defen
sive posturing, and initial occupation and abandonment. It ends with a 
discussion of additional research questions and the direction future re
search should take to address these questions. 

Statement of Problem 

In an area where unique and beautiful features are so abundant they 
become mundane, Walnut Canyon is still a rarity. Its beauty and environ
mental diversity continue to attract us. Besides its physical qualities 
Walnut Canyon piques the interest of the lay person and archaeologist be
cause of its unusual archaeological features. These features, and their 
relationships to the environment and each other were the focus of interest 
during the analysis. As detailed below, this occupation resulted from the 
rapid settlement of the canyon and its rim tops at a specific time. 

Little evidence supports interpretation of an in situ cultural develop
ment at Walnut Canyon throughout the long period of Northern Sinagua pre-
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Figure 1. Map of Walnut Canyon, Survey Boundary and Locations of Sites Recorded. 

UJ 



history. More likely, the banner settlement at Walnut Canyon was orches
trated from other settlements in the Flagstaff area as population pressure 
made expansion into previously sparsely occupied or unoccupied areas in 
the region necessary. This document explores agricultural development and 
the distribution of agricultural and habitation sites as one of the potential 
explanations for this settlement pattern. This pattern may have been a 
response to increasing population and the need to bring larger areas into 
cultivation, as well as to provide additional areas for habitation. What 
possibly started as an experiment may have developed into an intact com
munity with its associated social, trade and cultural features. Neverthe
less, at a specific point in time the Northern Sinagua identified Walnut 
Canyon as an exploitable niche with abundant natural resources as well 
as suitable locations for settlement and arable lands. 

The following explores the disposition of archaeological features in 
Walnut Canyon and on the adjacent rims. While settlement patterns are 
empirically obvious at a gross level, the more subtle patterns are masked 
by the results of erosion and deposition. Consequently, without large 
scale excavation the finer aspects of settlement are not visible, which 
hinders interpretation about the nature of cultural dynamics concerning 
settlement and land use in and around the canyon. The purpose of this study 
is to understand, using survey data, the more complicated patterns under
lying those empirically seen. Once this is achieved progress can be made 
towards understanding prehistoric use of the canyon and adjacent lands. 

Theoretical Orientation 

The theoretical basis for examining this relationship derives primarily 
from the precepts of cultural ecology (for a more in-depth discussion of the 
theoretical basis of the study see Bremer 1988). In an attempt to provide 
information on the dynamics of the prehistoric systems operating at Walnut 
Canyon, the 1985 survey focused its research questions on two issues: (1) 
the impact of the local environment on prehistoric settlement; and (2) the 
nature of Sinagua occupation in the area (Baldwin and Bremer 1985, 1986). 
The approach was based on both cultural-ecological and cultural-historical 
questions. Baldwin and Bremer (1986) believed that the relationship between 
human behavior and environment resulted in certain constraints which af
fected settlement and land use which consequently affected the distri
bution of human remains across the landscape. 

This relationship between humans and the environment is considered to 
be ecological. The means by which humans cope in an environment are assumed 
to be adaptive (Jochim 1979:78). The study of this process of adaptation 
to the local environment is called cultural ecology (Steward 1977:43). The 
obvious environmental diversity of the canyon and its rims, and the mapped 
distribution of different types of sites allowed examination of the re
lationship between settlement, land use and the environment. Included in 
the analysis were the natural qualities of the environment, including 
geology, vegetation, flora, fauna, climate and topography, because these 
elements are known to influence human settlement and land use (Butzer 1982) . 
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In light of this, environment, along with traditional patterns and 
nontechnological behavior, plays a crucial part in determining settlement 
and land use throughout an area (Steward 1977:48-49). Not all aspects of 
a culture, be it technology, economics, social and political structure, 
religion, language, values and other features, will be evenly influenced 
by environment (Steward 1977:50). Archaeological survey, because it deals 
primarily with surface evidence, records materials and features parti
cularly affected by the environment. Consequently cultural ecology pro
vides a theoretical framework for understanding the meaning of such features. 

While cultural ecology allows inference about human interaction with 
the environment it does not shed light on the identification of patterns 
in data. Traditional and recent ideas on settlement and land use helped 
determine the existence of these patterns. Discovering patterns in material 
remains of human culture permits interpretation about the nature and extent 
of human action. Examination of changes in settlement and land use through 
time illustrated the adaptive response of the Walnut Canyon population to 
environmental change. Perception of these patterns and ensuing archaeo
logical interpretation occurred by using principles developed from previous 
archaeological work and statements about the universals regarding patterned 
human behavioral traces. The study of patterns proceeded from two per
spectives: the first concerned the intended pattern; and the second con
cerned the interpreted pattern. The study assumed that an intended pattern 
results from the conscious action of an individual and the associated 
material remains give clues to the intended results. Involved in this is a 
cognitive aspect that is, at best, inferred from an archaeological context. 
Archaeologists base their evaluation on the interpreted pattern which 
ideally matches, or closely approximates, the intended pattern. Various 
factors will influence the gap between intended and interpreted patterns, 
including the amount of time between the intended action and interpre
tation, and depositional processes acting on archaeological materials. 

Settlement and land use happen to be two areas amenable to pattern 
interpretation, since they rely to a large degree on the distribution of 
archaeological materials. The closest previous studies have come to theo
retical statements revolves around making generalizations about human use 
of areas and regularities of spatial distribution across the landscape. 
At Walnut Canyon it was assumed that the distribution of sites was directly 
tied to the distribution of usable lands. 

Recently, since 1965, archaeologists have developed concepts to deal 
with the evidence provided by settlement data. The most beneficial has 
been the idea of a"settlement system." This refers to the relationships 
between sites located in a settlement pattern. 

The analysis assumed that the sites in Walnut Canyon were located 
with respect to available resources. This was best illustrated through 
the "mini-max" hypothesis (Judge 1971:40-41) where, at the sedentary agri
culturalist level, key resources were identified as (1) arable land suitable 
for farming and (2) a diverse biotic community with gatherable wild re
sources (Judge 1971:41). This reliance on arable land and natural re-
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sources tied in nicely with the concept of land use. 

The location of a site was assumed to be directly tied to the function 
the site performed in the settlement system. Among sedentary agricultura
lists it was expected that different kinds of sites performed a variety of 
functions. At this level these functions were intimately tied to the nature 
of land use by prehistoric groups. 

Another primary assumption concerning patterning is that material 
remains are patterned as a result of the behavior and organization of the 
people responsible for those remains (Thompson and Longacre 1966). Wilcox 
(1975:125-126) outlines several conclusions which question application of 
such an assumption to data. One of the major problems is determining whether 
the patterning is a result of cultural or natural circumstances. 

The use of a "living surface" strategy helps discern the reliability 
that patterns in the archaeological record were the result of human behavior. 
As originally conceived the strategy was applied to individual sites (Wilcox 
1975 and 1981). Based on these previous definitions it did not appear 
difficult to apply the method to site systems. 

In Wilcox's definition (1981:151): 

"A living surface may be operationally defined as a 
set of associated surfaces and facilities that human 
populations use as the setting for systems of acti
vities at whatever scale of interaction the analyst 
chooses to consider." 

Critical to using the living surface concept is knowledge of the di
mensions of time and space, so that a distinction can be made between a 
theoretical living surface and a physical occupational surface. Use of the 
Walnut Canyon survey data to address questions about living surfaces was 
difficult in that reliable determination of temporal association and spatial 
extent was tenuous. In this instance the sites under study are classifi-
catorily contemporaneous across three broad time periods. In all likelihood 
many of the Walnut Canyon sites were not absolutely contemporaneous and were 
periodically or successively occupied throughout the time period Walnut 
Canyon was used by prehistoric populations. The utility of the concept 
lies in being able to partition the study area into meaningful chronological 
and spatial units for interpretation regarding settlement and land use. 
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CHAPTER 2 

ENVIRONMENT 

Introduction 

The purpose of this chapter is to describe the natural environment 
of Walnut Canyon. A concentrated discussion of the environment is necessary 
from two perspectives. First, it permits an understanding of the environ
mental diversity of Walnut Canyon; and second, it forms the basis for a 
theoretical discussion of human relationships with the environment of the 
project area. Presumably, the diversity of Walnut Canyon's resources 
attracted Sinagua settlers in the 13th century. 

Geology 

The Flagstaff area, dominated by the peaks and cones of the San Fran
cisco Peaks Volcanic Field, varies in elevation from 5,000 to over 12,000 
feet above sea level. Alluvium and gravelly soils, eroded from igneous 
materials, ring the peaks. Basalt flows and heavy clays weathered from 
the same material are found farther east. The cinder cover from the rela
tively recent eruption of Sunset Crater, in A.D. 1065 (Smiley 1958), forms 
a broad north-south band along the eastern flanks of the peaks to the Little 
Colorado River, covering an area of approximately 800 square miles (Figure 
2) Colton 1932a,1932b; Pillesl974, 1979; Shoemaker 1977). O'Leary Peak 
to the east and Mount Elden at the southeast base of the Peaks rise some 
2,000 feet above the surrounding land. In all directions from Cedar and 
Deadman Mesas in the northeast, Gray Mountain in the northwest, the Aubrey 
Cliff s in the west, Anderson Mesa in the south, and the cliff s of the Painted 
Desert east of the Little Colorado River, the landscape slopes gently and 
offers a subtle vista of the plateau. 

Interrupting this quiet view, at the southeastern base of the San Fran
cisco Peaks, is the gouge of Walnut Canyon, separating the top of Anderson 
Mesa from the drainage basin of the Rio de Flag. Meandering Walnut Creek, as
sisted by a "... few north-south trending faults and fractures" (Benf er 1971: 
11), formed the islands and peninsula-like ridges peculiar to the canyon. 

Two basic processes are responsible for the surface geology in the 
area: sedimentary and volcanic events. Sedimentary deposition of aeolian 
and pluvial sediments during the Permian period (225 million years ago) was 
responsible for the primary sedimentary strata. A continental mountain-
building episode during the late Cretaceous ( 70 million years ago) was a time 
of volcanic activity across the plateau. This activity produced the dominant 
feature of the Flagstaff landscape, the San Francisco Peaks. Monoclinal 
folding and another period of volcanic activity during the Pliocene (12 
million years ago) and subsequent erosion of the horizontal Permian deposited 
strata produced the narrow steep-sided canyons characteristic of the ex
tensive plateau drainage system. 
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Figure 2. Map showing area of cinder fall from Sunset Crater eruption. 
(From Pilles 1979:462) 



The distinctive cross-bedded Permian sandstones, seen in the bottom 
of the canyon, are composed of aeolian Toroweap and undifferentiated Coco
nino sandstone formations. These beds vary in thicknesses up to 155 feet 
in Walnut Canyon. Two of the three members of the overlying Kaibab lime
stone formation (McKee 1938) exposed in the canyon walls correspond to 
different depositional conditions of the Permian Sea. Overlying these 
beds is a noncalcareous sandstone associated with a limestone conglomerate 
on the surface, in some areas of the rims above Walnut Canyon. Basaltic 
flows, of unknown age, cover the southern or upper portion of lower Walnut 
Creek, from the outlet of Lake Mary to the west monument boundary. Al
though the flow may have dammed the canyon at one time, the stream has 
since cut into it about 140 feet (Benfer 1971:17). 

Physiographically, Walnut Canyon, a deep and narrow gorge, extends 
from Fischer Point on the west to approximately 15 miles east where it 
crosses 1-40 near the Winona Interchange. Walnut Creek, responsible for 
the canyon, is much longer and begins at the upper margins of Lake Mary, 
an artificial lake, and continues until it meets San Francisco Wash near 
Turkey Tanks. At its widest the canyon measures approximately 1/4 mile 
and is 200 to 600 feet deep. The canyon bottom slopes from 6 ,600 feet near 
Fisher Point west of the monument to 6,100 feet in the northeast. Elevation 
within the monument, however, varies only 100 feet, from 6,280 feet on the 
east to 6,380 feet on the west. The channel of Walnut Canyon is deep and 
narrowly entrenched into the Coconino sandstone. The steep sides of the 
canyon provide limited accessibility in and out of the canyon. Generally, 
the rocky and narrow canyon bottom allows little opportunity for soil to 
accumulate in a floodplain. From west to east the canyon broadens and 
becomes shallower, typically forming terrace or bench-like features. As 
the drainage progresses to the east it gradually widens to a point at which 
alluviation has occurred. In these areas the likelihood for floodplain 
agriculture increases compared to the narrow sections of canyon bottom up
stream. 

Soils 

The soils of the monument, like the cinders that often cover the 
ground, range from absent on the rim edges to several centimeters deep away 
from the rims. They consist of limestone sands eroded from the parent rock 
that are often covered by a thick layer of decomposing duff. Away from 
the rims the soil becomes deeper, but there, too, it formed from the parent 
rock materials (Joyce 1974:14). 

The ability of a soil to retain water influences the growth of certain 
classes of plants. Plants with perennial buds and shoots located close 
to the ground are most influenced by water retention. Trees and shrubs 
also are affected by water availability, but to a lesser degree. Arnberger 
(1947) determined that the Walnut Canyon rims and slope soils are silty and 
clay-laden sands while the canyon bottom is sandy gravel with little clay. 
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Based on this he determined that water-retaining capacity is highest on 
the north rim and north-facing slopes. The south-facing slope has less 
retention potential, and the canyon bottom least of all (Arnberger 1947:4). 

Vegetation 

Vegetation in the monument is represented by the dominant trees: 
Ponderosa pine (Transitional zone) , Douglas fir (Canadian zone) , and juniper 
(.Upper Sonoran zone) (Merriam 1890; Lowe 1964). Joyce's (1974) systematic 
evaluation of vegetation, based on transects examined outside the monument 
boundaries, identified four environmental zones at Walnut Canyon, each 
representing an area of uniform macroclimate (Joyce 1974:17). He saw in 
Walnut Canyon, as in other Colorado Plateau canyons, "a distinct pattern 
of vegetational zonation . . . sharp boundaries with little ecotonal inter-
gradation between the zones" (Joyce 1974:26). These zones and the dominant 
vegetation are: (1) North rim, pinyon [Pdnui £.duZZi>) and many-seeded juni
per [JunLp&uU> Oit&O&peAma) ; (2) North slope (south-facing), muttongrass 
[Poa ktndl&vla.nil) and sagebrush [AAtQjniAi.a ^fhigZda); (3) Canyon bottom, 
box-elder (AceTt n&gundo) and Arizona walnut [JugZaii6 UcLjOfl) ; and (4) South 
slope (north-facing) , Douglas fir [PAtutOAugct mZYlzLoAJLL] . The southern rim 
top vegetation within 300 feet of the edge is similar to that of the south 
slope. 

Because Joyce's biological survey did not account for environmental 
factors important to the research questions for the archaeological survey 
a modified environmental classification was developed. Based on field 
observations from the 1985 survey, the most instructive vegetation cate
gories on the rims were: (1) ponderosa or ponderosa/Gambels oak woodland 
for the western rims; (2) transitional ponderosa/pinyon-juniper woodland 
for the central rims; (3) pinyon-juniper woodland for the eastern rims; 
(4) desert scrub for the south-facing slope on the north rim; and (5) 
Douglas fir/Gambels oak woodland for the north-facing slope on the south 
side. The pinyon-juniper woodland occurs at the 6,700-foot contour and 
below, following a wide arc from the area north of monument headquarters 
to the southeastern portion of the monument. The transitional zone covers 
a large section of both rims west of the headquarters. Ponderosa-oak wood
land is restricted to the western part of the monument, where elevation 
approaches 6, 800 feet. Desert scrub was the usual classification for north 
slope vegetation, with occasional scrub-alpine associations on canyon sides 
near Second and Third Fort. The most notable difference between the 1985 
survey and Joyce's interpretations pertained to the lack of ponderosa pine 
in Joyce's descriptions. The most likely explanation for this difference 
lies in the methods used to describe the environment. Joyce used vegetation 
transects to quantify the relative abundance of plant types while the 1985 
survey was concerned with describing the general character of the environ
ment . 
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Fauna 

Animal population studies conducted at Walnut Canyon recorded several 
hundred species (Haldeman and Clark 1969; Hoffme'ister and Carothers 1969; 
Salmonson 1973; Spangle n.d.; Damron n.d.). The canyon environs protect 
or provide nesting places for a variety of easily recognized birds in
cluding the Steller's jay {CyanOCAJtta. i>toJLi.QJvi) , canyon wren [CatllOApOJ, 
mex-icana) , common raven [COA.VUL& CO-lax) , turkey vulture [Catkaxtdi, OJUAJO.) , 
and turkey (Me/eaqnrfi gaoktopavo) . Several species of less common birds 
include hawks, falcons, quail, owls, hummingbirds, flickers, woodpeckers, 
flycatchers, mockingbirds, nuthatches, thrushes, bluebirds, warblers, tana-
gers, grosbeaks, and sparrows. Common small mammals include the desert 
cottontail {SijtvdtaguJ, aadaboiiid) and the black-tailed jackrabbit [Ltpuis 
CoLLfaoXviCLuS) , the rock squirrel and golden-mantled ground squirrel (Spe/t-
mopliiZii-t, sp,), pocket gopher [Thomomy& bottaz) , mice (PciaognaXliuS sp. and 
PeJiomyACLii sp.), and woodrat [Ne.otoma sp.). 

Large mammals include coyote [Caill-S latAani ) , elk [CzJlVUA canad(ini,-ii>) , 
white-tailed and mule deer (OdocoLtcub sp.), and pronghorn (Antiiocapia 
ameAdcana) . Bobcat [Ltjnx aulai) and black bear [UflAUA amcxLcanui) , moun
tain lion (FeXci COHdOlo-l) and javelina (PeCOkt sp.) have been sighted on 
the monument grounds. 

The most notable reptiles are the plateau lizard (Scdlopolai sp.), 
desert side-blotched lizard (Ufa sp.), and the mountain short-horned, or 
"horny toad," lizard {Vhifano&oma sp.). The only snakes observed were the 
scarlet king snake (LampAopktXt'rS -txianquiam eZap&oddeJ>) and the rattlesnake 
(Caoalaliai sp.). 

The distribution of fauna across the monument is highly variable. Zoo
logical research on the monument has been limited to check list compilation 
and has not included a discussion of habitat use by various species except 
for ongoing work on Spotted Owl habitat by the U.S. Forest Service. 

Hydrology 

Walnut Creek, one of the primary drainages in the Flagstaff area, 
drains 126 square miles of watershed associated with Mormon Mountain (Brian 
1985). The drainage begins at the southern extremity of Upper Lake Mary. 
Prior to the drainage basin's damming in 1905 (Brian 1985) it was known as 
Clark Valley and it supported a local dairy herd. Near its intersection 
with San Francisco Wash near Turkey Tanks, Walnut Creek takes on the name 
of the former. This drainage flows into the Diablo Canyon system and ulti
mately drains into the Little Colorado River. 

Brian's 1985 report explored Walnut Creek's potential as a perennial 
stream prior to the construction of the various impoundment dams at Lake Mary 
and the Santa Fe dam at the east end of the monument. During the historic 
period there is no indication that Walnut Creek flowed continuously. Be
cause of the intermittent nature of rainfall and the porosity of the bed-
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rock it seems unlikely the creek was ever permanent. 

No permanent springs or other water sources have been recorded along 
the canyon. The local geology is not well suited for forming aquifers to 
trap water which would extrude from local seeps. During the survey the 
crew noticed that water was retained for long periods in potholes formed 
by the Coconino sandstone in Cherry Canyon. Also the canyon bottom would 
have retained water below the surface of the wash bed for longer periods 
and may have provided water to the occupants. Needless to say water con
servation would have been a first consideration of the local occupants. 

Precipitation and Climate 

Flagstaff receives most of its annual precipitation during summer 
storms, when two to seven inches of rain falls on the peaks. An additional 
2.5 inches of precipitation is produced by severe snowstorms from December 
to March. 

Colton's (1958) 20-year study of local precipitation described the 
effect of landforms on local weather. He used four government weather 
stations and 13 additional stations ranging from Citadel Ruin at Wupatki 
on the north, Flagstaff on the south, Fern Mountain on the west and the 
Little Colorado River and Winslow on the east. Annual precipitation in 
the ponderosa pine zone varied from 16 to 23 inches per year and in the 
juniper zone from 11 to 12 inches per year. In areas east of the peaks, 
but at similar altitude, he observed that precipitation fluctuated from 
north to south, which he attributed to a "rain shadow" produced by the 
San Francisco Peaks and Anderson Mesa. 

Walnut Canyon falls within Colton's "rain shadow" area, but field 
observations and recent records taken by the monument staff indicated that 
air currents off Anderson Mesa due south of the monument and canyon up-
drafts often combine to produce violent localized late summer showers. 

Flagstaff's average air temperature ranges from three degrees centi
grade (37 degrees Fahrenheit) in January to about 18 degrees Centigrade 
(64 degrees Fahrenheit) in July (Sellers 1960). In Walnut Canyon the north 
slope exhibits the broadest summer temperature range and highest air and 
soil temperatures, which combine to produce the lowest relative humidity. 
The south slope is characterized by lower, more static values and has the 
smallest variation in air temperature which coincide with an increase in 
relative humidity, approximating that of the north rim. In the canyon 
bottom, air temperatures fall within the limits found on the north rim and 
the south slope, but relative humidity is highest of all areas (Joyce 1974) . 

Terrestrial Ecosystem and Environmental Variability 

The following portrays another way of viewing Walnut Canyon's environ
mental variability. The Terrestrial Ecosystem (TES) approach illustrates, 

12 



in a more precise manner, the nature of environmental zonation across 
the monument. The system allows description of environmental variability 
of Walnut Canyon in a measured way. 

The Terrestrial Ecosystem concept was developed by the United States 
Forest Service (USFS) "...to organize and present to management information 
about effective and productive use and management of land and water re
sources" (Robertson 1986). To do this the USFS required detailed soil and 
vegetation mapping for forested areas. Areas encompassed by a forest were 
divided into mapping units and described on the basis of the makeup of their 
soil units and vegetation cover. The end result was a series of relatively 
small units of land for which there was a detailed description of each 
unit's soil and vegetation. 

As part of the Terrestrial Ecosystem mapping for the Coconino National 
Forest the area within the monument's boundaries were mapped by George 
Robertson, Soil Scientist with the Coconino National Forest (Figure 3), from 
adjacent units on the Coconino National Forest and visible surface features 
on aerial photos. Each unit was given a number and then described on the 
basis of soil classification, percent of slope, potential natural vege
tation, parent material and landform. 

Within the study area several mapping units occur. The following table 
(Table 1) summarizes the overall characteristics of the terrestrial eco
system units located within the project area. These categories represent 
the natural environmental variability present within the monument boundary. 
Each also indicates climatic variation as well as thermal variation. All 
of these factors influenced prehistoric use of the canyon and the rims. 
In order to understand the relative quantity of each terrestrial ecosystem 
unit, Table 2 shows the acreages for each of the mapped units. 

In the section on settlement patterns the relationship of the distri
bution of sites to these environmental units is discussed. One of the 
underlying assumptions is that sites will be distributed nonrandomly across 
these units in direct relation to the resource potential of each of these 
units, primarily on the basis of potentially arable land. In turn, these 
units and their resource potential affected land use throughout the area. 

Paleoenvironment 

The preceding discussion of local environment would be meaningless 
if not placed in perspective regarding the cycle of environmental change 
from the past to the present. Because the Walnut Canyon environment has 
changed to some degree it may not be right to compare today's environment 
with that of the past and then address land use. By examining paleoen-
vironmental information there may be a way to explore the rate and type 
of environmental change which occurred in the area. 

Great local variability in climate, including rainfall, temperature 
and other factors seems to be the norm for the southwest today (Schoen-

13 



Figure 3. Distribution of Terrestrial Ecosystem units across Walnut Canyon National Monument. 
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TABLE 1 

Terrestrial Ecosystem Units in Walnut Canyon 

Unit Number 

3 

250 

445 

447 

454 

455 

460 

470 

471 

803 

Slope 

0-15 

15-40 

15-40 

0-15 

0-15 

15-40 

40-120 

40-120 

15-40 

15-40 

Vegetation 

Pinyon Pine-
Utah Juniper-
One Seed 
Juniper 

Pinyon Pine-
Utah Juniper-
One Seed 
Juniper 

Ponderosa Pine-
Gambels Oak 

Ponderosa Pine-
Pinyon Pine-
Utah Juniper 

Ponderosa Pine-
Pinyon Pine 
Utah Juniper 

Ponderosa Pine-
Pinyon Pine-
Utah Juniper 

Pinyon Pine-
Utah Juniper-
One Seed 
Juniper 

White Fir-
Douglas Fir-
Ponderosa Pine 

White Fir-
Douglas Fir-
Ponderosa Pine 

Ponderosa Pine 
Rocky Men. 
Juniper 
Pinyon 

Parent Material 

Sandstone-
Basalt-
Limestone 

Limestone-
Sandstone 

Cinders 

Sandstone 

Limestone 
Sandstone 

Limestone-
Sandstone 

Sandstone 
Limestone 

Limestone-
Sandstone 

Limestone 
Sandstone 

Limestone 

Landform 

Benches-
Plains-
Low 
Hills 

Side 
slopes of 
Canyons-
Ridges-
Hills 

Cinder 
Cone 

Plains 

Plains 

Side 
slopes 
of 
Drainage 

Side 
slopes 
of 
Canyons 

Side 
slopes 
of 
Canyons/ 
Drainages 

Side 
slopes 
of 
Canyons/ 
Drainages 

Shallow 
Tributary 
Canyons 
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TABLE 2 

Acreage Total For Each Terrestrial Ecosystem Unit 

16 

Unit Number 

3 

250 

445 

447 

454 

455 

460 

470 

471 

803 

Unit Identifier 

Pinyon-Juniper 
Woodland 

Pinyon-Juniper 
Woodland 

Ponderosa Pine-
Gambels Oak 

Mixed Ponderosa 
Pine/Pinyon-Juniper 
Woodland 

Transitional 
Ponderosa Pine/ 
Juniper Woodland 

Mixed Ponderosa 
Pine/Pinyon-Juniper 
Woodland 

Pinyon-Juniper 
Woodland 

White Fir/Douglas 
Fir/Ponderosa Pine 
Woodland 

White Fir/Douglas 
Fir/Ponderosa Pine 
Woodland 

Ponderosa Pine/ 
Rocky Mtn. Juniper/ 
Pinyon Transition 

Total: 

Acres 

380 (20%) 

26 (1%) 

58 (3%) 

594 (31%) 

29 (1%) 

104 (5%) 

372 (19%) 

202 (11%) 

131 (7%) 

24 (1%) 

1,920 Acres 

Location 

North and 
South Rim-
East Side 

North Rim-
Paul Canyon 

North Rim-
West Side-
Shallow 
Tributary 
Canyons 

North and 
South Rims-
Central 

North Rim 
Pinyon-

South Rim-
Shallow 
Tributary 
Canyons 

North Slope of 
Canyon: South 
Facing 

South Slope 
of Canyon and 
Drainage 
Bottom: North 
Facing 

Upper South 
Slope of 
Canyon: North 
Facing 

South Rim: 
Shallow 
Tributary 
Canyon 



wetter and Dittert 1968:43). Explored here is the possibility of environ
mental variability in the past. The reconstruction of local environments 
commonly results from using excavation data and regional paleoenvironmental 
information to construct a scenario of environmental change. The earliest 
attempts at environmental reconstruction indirectly resulted from the den-
drochronological work of A. E. Douglas as he developed local chronologies. 
More recently, paleoclimatic scenarios have been developed using tree-ring 
and palynological information (Schoenwetter and Dittert 1968; Euler et al. 
1979; Dean et al. 1985). 

Unfortunately, at Walnut Canyon the lack of a research focus during 
excavation and stabilization resulted in a poor understanding of the ef
fect of environment on human behavior and vice versa. Given this poor 
formulation of the local paleoenvironmental record the following discussion 
relies on regional (the Southwest) and local (Flagstaff) paleoenvironmental 
data. Regional paleoenvironmental information portrays a succession of 
climates during the period of human occupation between A.D. 400 and the 
present. This cycle is best discussed using evidence derived by others 
(Antevs 1955; Schoenwetter and Dittert 1968; Dean and Robinson 1977; Euler 
et al. 1979; Berry 1982; Dean et al. 1985). 

Because human occupation of the area extends back at least 11,000 
years the potential for environmental variation through time is high. The 
interrelationship between climate and human occupation would have been 
different for mobile hunter-gatherer groups than for sedentary agricul
turalists. Because climate molds vegetation and soils, two resources of 
major importance to prehistoric sedentary agriculturalists, a discussion 
of the variables affecting plant growth and water availability is important 
because the occupants of Walnut Canyon are assumed to have been cultivators 
of domesticated plants. 

Obviously, changes which occurred 11,000 years ago had little short 
term effect on the late prehistoric inhabitants of Walnut Canyon. More 
important were the successive periods of wet and dry, or hot and cold, and 
associated effective moisture. The time period of concern is the Late 
Prehistoric, from A.D. 1000 to A.D. 1300. Yet, it is difficult to get an 
idea of environmental change for this period without putting it in a 
regional environmental perspective for the encompassing millennium from 
A.D. 300 to A.D. 1300. 

Indications of drier periods, around A.D. 370 and A.D. 520, (Berry 
1982; Mehringer 1967) Berry (1982) believes were intermittent "drought" 
periods which caused abandonment of areas by southwest populations. A more 
prevalent interpretation posits that, despite periods of fluctuation, "... 
the Southwestern region has undergone no essential change in the past 4,000 
years (Schoenwetter and Dittert 1968:43). Indeed, others (Dean et al. 1985: 
543) feel that the nature of environmental change during this period would 
have had a minimal impact on prehistoric occupation because of low popu
lation densities. 

FromA.D. 300 to A.D. 700 the two droughts mentioned by Berry occurred. 
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Accompanying this period was some erosion but generally the environment 
favored flood plain aggradation along with abundant moisture during the 
winter (Schoenwetter and Dittert 1968:47). It has traditionally been inter
preted as having varying high and low frequency conditions some of which 
favored population expansion into a number of areas because of optimal 
conditions in many locations (Dean et al. 1985:543-544). At other times 
conditions would have been less favorable but the low population density 
probably would have allowed mobility away from unfavorable areas to be a 
sufficient response to stress. It is during this period that sedentary 
populations first occupy the Flagstaff area. 

From A.D. 700 and A.D. 1050 there is wide variation in environmental 
factors. Earlier it was believed the period began in A.D. 750 with a major 
drought which continued to A.D. 925. One of the major contributors to 
this was thought to have been the switch from winter dominated rains to heavy 
summer showers (Schoenwetter and Dittert 1968:49). However, simplistic 
reliance upon a single variable for determining environmental change is no 
longer considered useful. More recent environmental interpretations, de
rived using variables such as environmental variability in the form of high 
and low frequency processes (Jorde 1977; Dean et al. 1985:543), suggest 
this period was characterized by increased environmental variability in 
the form of high temporal and low spatial variability which resulted in a 
relatively unchanging environment with unpredictable rainfall. This would 
have resulted in beneficial environments at higher and cooler elevations, 
and poorer and drier conditions at lower elevations. Areas with higher 
elevations would tend to receive more moisture and retain moisture longer 
than the lower elevations. The concomitant population response was a 
patchy dispersal of population aggregates in zones suitable for occupa
tion. One of the more dramatic social events might have been the adoption 
of a completely restricted, seemingly more sedentary life by groups which 
previously only experimented with it. It would have resulted in resource 
zone truncation and subsequent confinement to existing zones or movement 
to widespread beneficial resource zones. Such a shift in social organi
zation would have been accompanied by appropriate social and economic 
changes. On the whole it seems that Colorado Plateau populations were 
adequately coping with varying environmental conditions (Deanetal. 1985: 
546). 

From A.D. 1050 to A.D. 1300 the weather pattern remained much the 
same with summer dominant rainfall (Schoenwetter and Dittert 1968:54; Dean 
et al. 1985:546). Varying high and low spatial variability, and low tem
poral variability affected the distribution of population. During this 
time period rainfall, in the form of intense summer showers, occurs less 
frequently but appears to have been more predictable. This would have 
resulted in local populations relying upon buffering mechanisms to get 
them through the hard times (Jorde 1977). Between A.D. 1050 and 1150 high 
spatial and low temporal variability would cause populations to utilize 
areas receiving more effective moisture, such as upland zones. Between 
A.D. 1150 and 1300 the combination of low spatial and low temporal varia
bility would have made lowland zones more hospitable from the perspective 
of predictability and increased frost-free period. However, the occurrence 

18 



of drought conditions between A.D. 1150 and 1200 and the Great Drought of 
A.D. 1275 would have made upland locations more favorable than others. 
This is supported by rainfall periodicities calculated for several areas 
throughout the Southwest (Jorde 1977:390-392). Because of the high inten
sity summer rainfall, erosion and dissection continued making agricultural 
pursuits difficult in some areas. Certain areas may also have been un
suitable for horticultural pursuits. Settlement locations at higher ele
vations would have been more conducive to supporting larger populations 
because of increased effective moisture and a comparatively longer frost-
free period. The period is characterized by the greatest population ex
pansion for the prehistoric period throughout the Southwest, especially in 
those areas more suitable for settlement. This factor became additionally 
critical from A.D. 1270 to A.D. 1300, when a major hydrologic minimum oc
curred. Some infer that this drought period, coming at the end of an ex
tensive erosional cycle and so close to a hydrological minimum during the 
middle of the 12th century, was responsible for abandonment and population 
aggregation in some areas on the Colorado Plateau (Deanetal. 1985:546). 
This potentially set the stage for subsequent large population aggregation 
during the 14th and 15th centuries. 

After the 13th century, until the Historic period, environmental 
variability continued as it had from previous periods. Towards the end 
of the 13th century the Flagstaff area was abandoned for points on Anderson 
Mesa where populations aggregated into large pueblos. The environment's 
effect on populations in the Flagstaff area effectively came to an end. 

Dean et al. (1985:55) acknowledge that their environmental descriptions 
are regional and do not account for local variability. Since no single 
source documents environmental change in the Flagstaff area, several classes 
of information were used in a preliminary paleoenvironmental reconstruction 
for the Flagstaff area, including dendroclimatological, palynological and 
hydrological data. 

Dendroclimatological records (Dean and Robinson 1977) were used to 
construct plots showing rainfall variability in the area from the 10th 
century to the beginning of the 14th. These figures show rainfall deviations 
for three stations (Figures 4-6) in north and central Arizona, including: 
the Flagstaff, Tsegi Canyon and North Central Mountain stations. These 
provide a good basis of comparison because they contain documented pre
historic remains from the period of interest and represent the range of 
environmental variability possible throughout northern and central Arizona. 
Use of the dendroclimatological information focuses solely on temporal vari
ability. Local spatial variability cannot be discerned because the data 
are a composite for all tree-ring data collected from all three, especially 
in the Flagstaff area. 

The "MEAN" line in the figures represents a mean precipitation value 
for tree-ring records from each of the stations. Each point on the curve 
represents a measure of the relative rainfall for a decade, taken from tree-
ring samples collected throughout the area encompassed by each station. 
Departures above and below the mean are an indication of the variability 
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Figure 4. Dendroclimatological minimums and maximums for the Flagstaff 
station, A.D. 900-1300. 



Figure 5. Dendroclimatological minimums and maximums for the Tsegi Canyon 
station, A.D. 900-1300. 
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Figure 6. Dendroclimatological minimums and maximums for the North Central Mountain 
station, A.D. 900-1300. 



of rainfall, as reflected in tree-rings, for that area through time. The 
dashed horizontal lines in the figures represent a number of standard devia
tions away from the mean. The further away from the mean a point falls then 
the more significant it is. Points falling well above the horizontal line 
of the mean, say above the "PLUS 2" line would mean that overall that point 
was significantly wetter than the mean. The opposite holds true for points 
falling significantly below the mean. These would be interpreted as being 
significantly drier than the mean. The beginning of the eruptive cycle 
of Sunset Crater in A.D. 1066 and the initiation of the "Great Drought" 
in A.D. 1275 are indicated by vertical dashed lines. They are included 
because of their presumed effect on the prehistoric population of the Flag
staff area. 

Little or no hydrological data exist for the Flagstaff area to dis
cuss periods of aggradation and degradation. This information can best 
be extrapolated from the wealth of information derived from the Kayenta 
region on Black Mesa and in the Navajo National Monument area. Addition
ally, Weber (1981) provides palynological information to be used in con
junction with the dendroclimatological data to construct a local paleo-
climatic sequence. 

On the Colorado Plateau the period A.D. 900 to 1000 is characterized 
by high temporal variability and low spatial variability. The Flagstaff 
area appears to correspond nicely up to that point. This is supported by 
pollen data for the Flagstaff area prior to A.D. 1000 (Weber 1981:67) which 
shows increased levels of arboreal pollen (NAP) in sediments, suggesting 
a cooler, wetter, wooded environment. There is some high temporal varia
bility suggested for the Tsegi Canyon area but the North-Central Mountains 
exhibit a more complacent curve. 

After A.D. 1000, however, Flagstaff's tree-ring record differs mark
edly. While low temporal variability prevailed on the plateau, Flagstaff 
exhibited rapid oscillations between peaks of wet and dry periods or high 
temporal variability. Of great significance is that at A.D. 1150, during 
rainfall minima for the Tsegi Canyon and the North Central Mountains figures , 
Flagstaff experienced a more moist period compared to the other areas. 
This is not to say conditions were ideal in the Flagstaff area. Pollen 
(Weber 1981:67) data show a decrease in arboreal pollen in sediments from 
the turn of the 12th century to the middle of the 13th. This means the 
area was naturally more treeless than previous periods . Increasing juniper 
pollen over pine suggests a fluctuating environment with a cooler-wetter 
pine dominated environment in the earlier part of the period, amove to a 
warmer-dryer juniper dominated environment and then a return to a cooler-
wetter pine dominated environment. Also, fluctuations in the ratio of pinyon 
pine pollen to ponderosa pine pollen suggest changes in the pattern of 
seasonal precipitation (Weber 1981:70). By the end of this period the 
environment would have had little effect on occupation at Walnut Canyon 
because of abandonment. Generally the area appears to have received more 
rainfall and remained cooler through time than the other two regions. 

There is some indication that the area became less hospitable around 
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the middle of the 12th century when a trend toward drier conditions began. 
Such a trend may have been responsible for abandonment of the area. 

Additional information for the area comes in a variety of forms. 
McGregor (1941:276-277) used the presence of land snails in water-deposited 
strata, abundant fish vertebrae, and bird, geese, duck, and crane bones 
in sites occupied at the same time as those of Walnut Canyon, to posit a 
wetter environment and greater areas of undisturbed vegetation cover in 
the past. He saw in his data evidence for marsh areas, shallow lakes, and 
running streams. It is possible that streams in some of the larger drain
ages (Walnut Canyon, Youngs Canyon, and San Francisco Wash) that drain a 
sizable area north of Anderson Mesa ran perennially, or at least seasonally 
(Brian 1985). 
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CHAPTER 3 

PREVIOUS WORK AND CULTURE HISTORY 

Introduction 

This chapter discusses the history of archaeological research and 
interpretations of culture history of Walnut Canyon. The history of ar
chaeological work on the monument sketches the path of thought responsible 
for descriptions of the prehistoric occupants. These studies show how 
temperate climate, arable land, high altitude plants and animals, and 
predictable creek flow provided the Sinagua with forage plants, game, and 
waterfowl. These studies also showed how the Sinagua made use of the 
natural ledges, stream-carved islands, and level rim-top land to construct 
single houses and more complex settlements structured primarily by an 
agricultural lifestyle. The description of culture history synthesizes 
the results of previous work and presents an outline of cultural develop
ment for Walnut Canyon. 

Previous Work 

Water, scenery, and outstanding cliff dwellings have long attracted 
public attention to Walnut Canyon. With the opening of the West, survey 
parties traveled through the area noting its ruins and natural wonders. 
As settlement followed the surveyors, Walnut Canyon became a tourist at
traction. The negative result of this attention was the swift and total 
destruction of the floors and walls of many of the canyon structures as 
relic hunters tore through fill in search of treasure. Those who became 
alarmed at the destruction, lobbied for protection of the portion of the 
canyon with significant cultural resources, and the area became a National 
Monument in 1915 (Stein 1986:62). Shortly thereafter, scientific in
vestigation of the monument's resources began and has continued to the 
present. 

Previous archaeological research at Walnut Canyon can be divided into 
three categories: (1) exploration and reconnaissance; (2) survey; and (3) 
excavations and stabilization. 

Exploration and Reconnaissance 

Research at Walnut Canyon spans more than 100 years. The area was 
known in a small way for its sites before the founding of Flagstaff. The 
first documentation of archaeology near Walnut Canyon was in reminiscences 
of those who explored the area for practical rail or wagon routes west. 
Many made mention of "cliff-dwellings" and "Indian ruins" in Walnut Canyon, 
(Cline 1976:37-38; Lesley 1929:208-209, 271-273; Schroeder 1954:60-61; 
Sitgreaves 1962; Whipple 1856:81-82). 
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Documentation of the resources in the vicinity of Walnut Canyon be
gan with Lieutenant A. W. Whipple in 1853-54; as he mapped a possible rail
road route from Fort Smith, Arkansas, to Los Angeles, California (Whipple 
1856). His vague record makes it difficult to determine whether he visited 
Walnut Canyon. He does refer to "Cosnino Caves" on San Francisco Wash at 
the northern extent of Walnut Creek; today these are known as Turkey Tanks. 

Another early reference to the area near Walnut Canyon appeared in 
the log of Edward Fitzgerald Beale in 1858, documenting the survey of a 
road from Fort Defiance to the Colorado River. Beale mentions the pre
sence of caves divided into "apartments by walls" (Beale 1858 cited in 
Brian 1985:4). 

Early Bureau of Ethnology Expeditions 

The earliest references were simply casual observations of sites 
visible along the route of exploration. They documented substantial struc
tures within the ledges of Walnut Canyon and the nature of the resources 
in the Flagstaff area. They noted the good condition of structures and 
the abundance of artif actual material present. As a result of this earlier 
documentation, news of the archaeological resources in the territory spread. 
In 1879 the Smithsonian Institution developed a research arm, the Bureau 
of Ethnology (BE), specifically to study native peoples of the Americas 
(Willey and Sabloff 1974). The bureau was renamed the Bureau of American 
Ethnology (BAE) in 1894. Under Major John Wesley Powell the bureau sent 
expeditions to inspect "...Indian relics, both living and prehistoric", 
(Powell 1887, 1889, 1891, 1892). One of the more intensively explored 
areas was the American Southwest. Places examined included the Rio Grande 
pueblos, the Hopi mesas, and the lands around Flagstaff and the Little 
Colorado River. In the Flagstaff area the BE and BAE expeditions made 
specific reference to Wupatki, Cosnino Caves, Elden Pueblo, and Walnut 
Canyon. During the 1880s the reports of four separate expeditions referred 
to Walnut Canyon. 

The first expedition to mention Walnut Canyon was led by J. W. Steven
son in 1883-84. Casual reference was made to "ruins" southeast of the 
budding town of Flagstaff (Powell 1887). Although not mentioned by name, 
the directions and mileage given from Flagstaff indicate that the area 
referred to probably was Walnut Canyon (Powell 1887). 

In 1884-85, an expedition led by F. T. Bickford visited Chaco Can
yon, Canyon de Chelly, and Walnut Canyon (Powell 1889). Bickford recorded, 
mapped, and photographed the structures in the canyon. Presumably, the 
records of the expedition are at the Smithsonian. 

In 1885-86 John Wesley Powell visited the area with Stevenson and 
filed a report in a section titled "Explorations in Stone Villages" (Powell 
1891). He described an Oak Creek, which probably was Walnut Canyon, with 
substantial cliff and ledge structures. He also mentioned that his party 
spoke with Havasupai Indians who told him that the occupants of the canyon 
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were their ancestors (Hodge 1910; Barrett 1923:181). 

Victor and Cosmos Mindeleff visited Walnut Canyon in 1887-88 while 
they were in the area viewing sites in the cinder cone area northeast of 
Flagstaff. Their visit to examine the ruins of Walnut Canyon was, evi
dently, short, while a more detailed inspection was saved for the other 
ruins in the area (Powell 1892). 

The earlier expeditions were exploratory ventures, during which notes 
were taken and collections were made. Excavation often was designed to 
obtain museum pieces, rather than to interpret the prehistory of the area. 
A major contribution of the earlier explorers to southwestern archaeo
logy was the image of pristine ruins offered in their publications. At 
that time Walnut Canyon contained numerous standing wall structures in good 
condition with abundant trash and artifacts in place. These early descrip
tions of Walnut Canyon are all that remain to shed light on the nature of 
structures in the canyon before the impacts of pothunting and grazing. 

Early Survey 

Most of the archaeological work in the canyon has been survey and is, 
consequently, the most productive source of information on the prehistory 
of the canyon. The earliest survey of the canyon, conducted by Harold S. 
Colton, was motivated by the unique character of the canyon structures and 
by Colton's interest in acquiring information on local archaeology during 
his regional survey from 1916 to 1926 (Colton 1932 a, b). United States 
Geological Survey topographic maps of the area did not become available 
until the middle of the century. Because of this, Colton recorded the most 
obvious features on a topographic map which he drew with the aid of a 
reflection compass (Figure 7). He noted the number of rooms and their 
sizes, drafted sketch maps of the sites, and plotted them on his maps. 
During his survey he recorded within the monument 60 cliff structures and 
three forts, as well as 22 open sites on the north and south rim of the 
canyon (Van Valkenburgh 1958:1). 

While less than adequate by today's standards, Colton's pioneering 
survey of Walnut Canyon contributed significantly to his knowledge and 
understanding of the prehistory of the area. When he first surveyed the 
area he had neither a cultural label for the people nor an understanding 
of the artifacts. It was only later that he developed the concept of 
Sinagua and a thorough ceramic typology (Colton 1939, 1946). The archaeo
logy of Walnut Canyon had a great influence on the way Colton thought about 
Sinagua. His interest in the canyon insured a long relationship between 
the monument and the Museum of Northern Arizona (MNA). 

Judging from Colton's field notes (on file at the Museum of Northern 
Arizona), he probably surveyed the monument and surrounding area during 
the summers of 1920, 1921 and 1923. His hypothesis was that site distri
bution was oriented around drainages. Walnut Canyon, being one of the 
more noticeable drainages in the Flagstaff area, thus received his at-
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tention. He concentrated on the area within the monument boundary be
cause of the large number of structures within the canyon but survey even
tually extended from Fisher Point on the west to Turkey Tanks at the north 
end of the canyon near San Francisco Wash. His 1932 publication of a manu
script begun in 1923 devoted a large section to the archaeology of Walnut 
Canyon, specifically the forts along the drainage (Figure 7). He commented 
on the intermittent nature of Walnut Canyon and the effect it may have had 
on prehistoric populations. He identified four classes of structures in
cluding small one to two room houses, larger three to five room pueblos, 
the cliff dwellings, and the forts (Colton 1932b:19). 

Recent Survey 

In 1954 Robert Euler and Leland Abel surveyed the proposed right-of-
way for the monument entrance roadfromU.S. Highway 66. They located four 
archaeological sites outside the present monument boundary. Their report 
and records are missing, and no further information is available. Sallie 
Van Valkenburgh surveyed the north rim in 1955, 1957, and 1958. Because 
Colton's survey provided an incomplete view of site distribution on the 
rims, she attempted to cover 100 percent of the monument north of the can
yon, apparently in an effort to understand settlement, as well as to deter
mine management requirements. The apparently ephemeral nature of the sites 
she recorded gave Van Valkenburgh an idea of limited activity and seasonal 
use of sites on the north rim (Van Valkenburgh 1958:3-5). She recorded 78 
new sites and relocated 26 of Dr. Colton's sites, for a total of 104 sites 
on the north rim. The majority (91) were "boulder shelters," (Van Valken
burgh 1961:3) or one to two room field structures. She also noted small 
pueblos of five or more rooms, rock terrace dams, dirt mounds and artifact 
scatters. She assigned an occupation date of between A.D. 1125 and 1225 
(the Padre and Elden phases of the Sinagua sequence) to most of the sites 
recorded. Three sites showed some indication of an earlier occupation. 

In 1961 the National Park Service requested that Robert C. Euler of 
Arizona State College (now Northern Arizona University (NAU)) conduct an 
archaeological survey of the poorly understood south rim of the canyon 
(Euler 1962 and 1964). Using the Arizona State College archaeological 
field school to complete the survey during the fall of 1961, he recorded 
38 archaeological sites, an occupation less dense than that on the north 
rim. The majority of sites were one to two room field structures dating 
from the Elden phase and associated with the canyon occupation. The sites 
most likely were used seasonally by those farming the flats of the rim. 
Although the ceramics from the south rim were the same as those found on 
the north rim, south rim sites varied less in architecture and artifact 
assemblages. Earlier occupation of the south rim was suggested by an early 
community of sites clustered around a hilltop across from Second Fort. 
Euler felt that expansion of survey south of the monument boundary would 
be helpful in answering research questions (Euler 1962). 

In 1965 John Cramer, a student at ASC, made a judgmental survey to 
record water-control devices. He recorded an extensive system of terraces 
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Figure 7. Map of Colton survey from 1932 Bureau of American Ethnology report. 
(Map No. 6, BAE, Bulletin 104) 



and checkdams associated with a cluster of sites near Ranger Canyon in the 
western portion of the monument (Cramer 1965). He intended to conduct test 
excavations of several of the features, but no research design was written 
and no record of testing is available. The 1985 survey relocated his 
features, and one or two appeared to have been trenched. 

During the 1970s and 1980s, a series of surveys was completed within 
the monument by the National Park Service to meet the requirements of new 
preservation laws and resource management policies. 

In 1976 a List of Classified Structures (LCS) was compiled to inven
tory and describe historic and standing wall structures within the monu
ment. For each structure the LCS determined (1) level of significance, (2) 
a level of treatment, and (3) a basis for budgeting and planning. A team 
of archaeologists located, described and assessed all survey notes and 
stabilization records to locate structures with standing walls (Suddereth 
et al. 1976:1). However, not all standing wall structures were recorded 
and several potentially significant structures on the rims and in the canyon 
were not included in the LCS survey. Fifty-six sites were recorded during 
the LCS project; 54 sites were cliff structures in the canyon and two (NA103 
and 476) were previously excavated and stabilized structures on the rim 
of the canyon. Five sites, comprising the Second Fort group, were recorded 
for the first time by the LCS team. 

In 1976 Patricia Gilman wrote an overview of Walnut Canyon archaeology 
to meet new federal management and legal requirements (Gilman 1976). In 
it she gives a good summary of Flagstaff and Walnut Canyon archaeology and 
environment, plus research and management recommendations, and a summary of 
previous work at the monument. 

In 1977 Gilman returned to the monument to complete an archaeological 
survey of the monument boundary, which was to be fenced. The survey in
cluded the boundary around a330-acre easement in Coconino National Forest, 
land not covered by the present report. She recorded 17 sites along the 
boundary, of which eight were artifact scatters, five were single-room 
structures, two were pueblo sites with more than one room, and two were 
cliff structures. She recommended testing at the sites that were to be 
affected by fence construction; however, no further work was conducted 
at any of the sites (Gilman 1977). The boundary at the time of her survey 
was poorly defined and in some cases the fence did not pass through sites 
she had recorded. The 1985 survey relocated her sites and determined that 
impact to the sites from fence construction was minimal in that the fence 
did not destroy any of the features recorded during her survey nor features 
which were not previously recorded. 

In 1961 Robert Schley of Arizona State College recorded a cave west 
of the monument, which contained prayer sticks (pahos) . The prayer sticks , 
made of canyon grape, were located in the back of the cave, which also had 
two rock alignments and pictographs. Schley did not mention whether the 
prayer sticks were historic or prehistoric. If they were historic, they 
document a recent use of the canyon—probably by Hopi. Apparently, the 
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prayer sticks were not collected to verify the historical designation. 

The earliest use of the canyon was suggested by the discovery of a 
cave east of the monument boundary near Santa Fe Dam. The cave was found 
by two ASC students, Ted Hiscox and Dennis Campbell, in February of 1963. 
In the cave they found split-twig figurines similar to those found in 
Sycamore Canyon and Grand Canyon, dating to the Archaic period from 3,000 
to 4,000 B.P. Associated with the figurines were more recent lithics and 
ceramics, suggesting that the deposits were mixed or that occupation and 
use of the cave continued over a long period of time. Excavation of the 
shallow deposits in the cave shed no further light on the age of the figu
rines (Olson 1966). 

Excavation and Stabilization 

Prior to the development of the current stabilization program in the 
park service, excavation and stabilization usually were carried out simul
taneously. Because of the vandalized nature of many of the ruins, especially 
those on the Cabin and Island trails, reconstruction was necessary to pre
serve the structures, to protect visitors, and to give an accurate picture 
of past occupation. 

In 1932 Lyndon Hargrave of the Museum of Northern Arizona reconstructed 
two rooms in NA729 on the south end of Third Fort Island. Colton noted 
that "... N.A. 739A and 739B were excavated, cleaned out and stabilized" 
(Colton 1946:75). The rooms were contiguous mud and sandstone walls built 
in a natural overhang. Tree-ring dates suggested a construction date of 
around A.D. 1100, during the beginning of the Padre phase. From Colton's 
notes it appears that these rooms were at the east end of the room block. 

In 1940 Paul Ezell spent time excavating and stabilizing three ruins, 
NA311-313, in the canyon west of the point at which Ranger Canyon opens into 
Walnut Canyon (Ezell 1940). NA311 was a five to six room structure with 
an outer patio or retaining wall. He excavated and stabilized two rooms 
in NA312. Room A was a very substantial sandstone and mortar room with 
tumbled walls and a definite stairway or porch at the entrances . Apparently 
Room A was constructed after Room B, a larger room opening to the east. 
NA313 was a "... 1-room affair with an accompanying patio-like area under 
part of the ledge" (Ezell 1940:27). Ezell extracted numerous artifacts 
and kept records of floors and of fire pits located on the floors. No final 
report was completed, but field notes indicate that the ruins had been 
vandalized and damaged by grazing, although floors and artifacts remained. 
Ezell's work marked a period of NPS recognition of its responsibility to 
preserve and maintain archaeological resources. This resulted in a formal 
stabilization program, of which the 1940 work represented the embryonic 
stage. At the same time that Ezell was working, Paul Beaubien, the park 
custodian, excavated a site, possibly NA4052, which was in the right-of-
way of the new entrance road along the rim of the canyon, west of the pre
sent visitor's center. The report consists of the following statement: 
"... and investigating a small ruin in the right of way of new road. Said 

31 



ruin was just a mound of rock that I excavated before the bulldozer got 
there. I found the foundations of three walls, no floor and no artifacts" 
(Beaubien 1940) : No additional records or locational information are avail
able. 

In the fall of 1948 Raymond Rixey stabilized five sites (NA735-739) 
on the west side of Third Fort Island (west side of the Island Trail). 
He trenched and stabilized walls and took collections. In addition to his 
stabilization report he compiled a report on the artifacts collected (Rixey 
1948, 1949). Rixey's work was the second restoration at NA739, but af
fected a different set of rooms. Rixey's report on the material remains 
found during the project is detailed and illustrates artifacts excavated 
from canyon sites (Rixey and Voll 1962). 

In the 1950s Gordon Vivian and Roland Richert were responsible for the 
stabilization of a number of cliff structures in the canyon. In October 
of 1955 Vivian excavated and stabilized NA331, 333, and 334, located on the 
south side below Fourth Fort across from the visitor center (Richert 1956). 
He did not completely excavate the sites, but trenched foundations and 
stabilized walls. 

In 1958 Vivian and Richert stabilized sites on the north side of the 
canyon, near the visitor center and west of the Island Trail on the old 
Cabin Trail, which led from Third Fort Island to the old ranger's cabin 
above Ranger Canyon (Richert 1958). Twenty-nine rooms were stabilized. 
Ceramics saved from the project were to be tabulated, but no further analysis 
took place. Of the work completed in the 1940s and 1950s, Rixey's resulted 
in the only substantial report on Walnut Canyon archaeology (Rixey 1948; 
Rixey and Voll 1962). 

In 1958 Sallie Van Valkenburgh excavated NA5889, a site north of a 
proposed ranger residence, as a typical example of the boulder structures 
she found so prevalent in her survey. Her map suggests two or three rooms 
of double-course cobble masonry. She concluded that the structure was 
a temporary shelter with possible storage units (Van Valkenburgh 1958: 
Appendices). The material culture with the structure was sparse and sug
gested an occupation transitional between the Padre and Elden phases (Pueblo 
II to III), between A.D. 1066 and 1150. In 1957 she test-trenched a dirt 
mound, NA5895, to determine what it was. Several sherds and lithics from 
the testing suggested an occupation contemporaneous with that of the struc
ture at NA5889. She concluded that the mound was man-made, but not archi
tectural (Van Valkenburgh 1958 :Appendices) . She posited that the mound was 
formed over surplus gathered food stuffs and used as frost-free storage. She 
does not mention whether there was a layer of dark organic soil from de
composed vegetation or macrobotanical evidence of the foods stored inside. 

In 1960 Stuart Maule excavated two sites in the path of construction 
of ranger residences. No copy of the report is available at Walnut Can
yon, although it often is cited. Later references indicate that NA5891 
was one of the sites that was cleared. Evidently no number existed for 
the other site. 
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Colton recorded a set of sites (NA103 and NA475-478) on the north 
rim above the visitor center. They consisted of two-room masonry struc
tures and four probable pit houses. It was a distinctive community, or 
cluster, of sites and offered potential for interpretation. In 1966 and 
1967 Park Archaeologist Norman Ritchie and Professor Roger Kelly of Ari
zona State College excavated NA103, 476, and 478, using the labor of the 
college field school (Kelly 1968; Ritchie 1970). The excavation coin
cided with the 50th anniversary of the founding of the National Park Ser
vice and of the beginning of Colton's archaeological survey in the Flag
staff region; the site was called the Anniversary Site. Both rooms of 
NA103 were excavated, along with a major portion of the trash area east 
of the structure, from which were recovered 12 burials. Large amounts 
of ceramics came from the excavation, approximately 17 percent of which 
were decorated. According to Kelly, the structure was occupied during 
the Elden phase between A.D. 1125 and 1200. The other two structures 
were labeled as Padre phase pit houses, or subterranean, masonry-lined 
structures, east of NA103. Kelly and Ritchie assumed, but had no proof, 
that the two pit structures preceded the larger two-room structure (Ritchie 
1970:84). Apparently this was based on their understanding that sub
surface rock lined pit houses were Padre phase and surf ace masonry pueblos 
were Elden phase. Their counts of the decorated ceramics are by ware 
only and the sherds were buried after analysis, consequently there is 
no way to verify their temporal placement. Ritchie felt that season
ality was suggested but not supported by any of the evidence from the 
excavation. Very little information on the nature of the excavations, 
field notes and records, and extensive artifact tabulation exist for the 
site. Consequently, what was a golden opportunity was overlooked and 
very little substantive information resulted from the excavation. 

The next stabilization project completed in the canyon was by Mayer 
and Waggoner (1968a, b). They stabilized NA103 and NA476 on the north 
rim and NA735-739 and NA742 on the Island Trail. They backfilled NA478, 
which was open from the previous year's excavations. Their work consisted 
of maintenance stabilization of decaying walls; very few, if any, notes 
were taken on the archaeology. 

One of the more ambitious stabilization projects occurred in 1973 and 
was directed by Ed Suddereth (1973). NA331-338 below Fourth Fort on the 
south side, and NA394-398, 400, 401, and 743-747 on the north and south 
slopes of the north side of the canyon east of Third Fort Island were 
stabilized. Very little archaeological information was recorded. 

Prehistory 

The occupants of Walnut Canyon interacted in an area much larger than 
that enclosed by the monument boundary fence. A preliminary section on 
Flagstaff archaeology illustrates the larger sphere in which the canyon's 
occupants participated. Following this is a more narrowly focused section 
on the prehistory of Walnut Canyon. 
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Figure 8. Sequence of Foci in the Flagstaff Area 
(After Colton 1946:14; Wilson 1969) 
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Sinagua and Flagstaff Prehistory 

The Flagstaff area experienced significant cultural diversity, espe
cially during the later periods (Colton 1946:300). The primary culture 
group was the Sinagua, a term coined by Colton from a Spanish description 
of the area as the Sierra Sin Agua (Colton 1939 :34; Bancroft 1888). Tradi
tionally, a predominance of Alameda Brown Ware, a locally manufactured 
plainware, on sites indicated a Sinagua cultural affiliation. At Walnut 
Canyon the predominance of Alameda Brown Ware on the sites led to a classi
fication of the majority of sites as Sinagua. 

Colton's archaeological survey of the Flagstaff area from 1916 to 1940 
produced the data which resulted in the construction of a local chronology. 
The chronology resulted from the need during the teens and 1920s to pro
vide a more precise temporal framework for understanding cultural develop
ment. The Flagstaff area chronology was based on a scheme proposed by 
Gladwin and Gladwin (1934), which was derived in principle from the McKern 
system for the Mississippi Valley (McKern 1934; Colton 1939:6) . Colton's 
classification system divided time into a number of phases, which cor
responded roughly to the more widely known Pecos Classification (Figure 
8). The phases corresponded to McKern's foci. 

During the early development of the chronology Colton used "focus" 
for "phase" to make his classification "... intelligible to archaeologists 
in other parts of the United States who are now applying the McKern sys
tem" (Colton 1939:9). Colton distinguished between the use of "focus" 
and "phase" on the basis that "phase" referred to a temporal division 
and "focus" referred to a specific cultural assemblage at a particular 
time. Consequently, one could have multiple "foci" during a single 
"phase." By 1946 Colton adopted the terms used by Gladwin for classi
fying cultures, including "phase," but he persisted in using"focus" as 
a cultural referent. The following presents an outline of the foci/phases 
developed by Colton for the Flagstaff chronology, including updated in
formation. 

Cinder Park-Sunset Phases/Foci 

Traditionally these two phases were distinguished by Colton on the 
basis of architectural differences between the two. The Cinder Park phase, 
dated A.D. 500-700, was characterized by widely dispersed settlements of 
one to three pit houses located predominantly in the cinder fields around 
Turkey Tanks near Cinder Park and along the northeast side of Anderson 
Mesa near Anderson Pass. Evidence suggested low density populations grouped 
in small farming sites. Probably no more than a small extended family 
group occupied any given site. These inferences were based on a few sites 
excavated and recorded, and on a confined occurrence in the Cinder Park 
area. Roughly contemporaneous with Basketmaker III, ceramics included 
Rio de Flag Brown, intrusive painted Basketmaker III plain and painted 
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wares, and a Santa Cruz Red-on-buff sherd from NA3996B (Colton 1946:245). 
The very few excavated sites had circular pit houses with four to six roof 
supports and side entries. One tipi-like structure, lined with timbers 
and plastered, belongs to this period (Breternitz 1959 ; Colton 1946; DeLaguna 
1942; Wilson 1969). The presence of a large circular structure, suggestive 
of a large kiva, has led to inferences of a community organization beyond the 
family level (Hohmann 1981:64). Overall, the architectural variability and 
widely scattered sites were not indicative of a homogeneous and advanced cul
tural organization. However, based on the presence of burned corn, Wilson 
(1969:14) has suggested that the people were sedentary agriculturalists. 

The Sunset Phase, traditionally dates fromA.D. 700-900. House form, 
settlement patterns, and site distribution are very similar to those of 
the previous phase. Differences occurred in ceramics, with the intro
duction of Kana-A Black-on-white and Deadmans Black-on-red (Wilson 1969: 
Ceramic Group II). Houses consisted of large, deep structures with four-
post roof supports which were occasionally timber lined (Colton 1946:268-
270). The primary basis for the distinction between the two phases appears 
to be ceramic. Overall, the settlement pattern was similar to the Cinder 
Park phase. Colton may have felt the need for the phase distinction so 
that the Flagstaff chronology would better conform to the Basketmaker III 
to Pueblo I transition of the Pecos classification. 

Rio de Flag Phase/Focus 

From A.D. 900 to A.D. 1066 the number of habitation sites increased 
and sites grew larger. The site pattern included isolated habitation and 
masonry field structures, and clusters of pit houses, small masonry rooms 
and large ceremonial structures. Some sites had up to eight structures 
in a more formalized hamlet or small village plan, suggesting multiple family 
units. Very large subterranean structures excavated from this time period 
are interpreted to be "community rooms" or large ceremonial structures 
somewhat equivalent to the Anasazi kiva. Several sites in the Flagstaff 
area have large oval-shaped depressions associated with them which have 
been called ball courts after similar Hohokam features. Evidence from the 
Coconino National Forest site survey files suggests that ball courts or 
large community rooms are associated with clusters of pit houses and small 
masonry structures (Pilles 1976:128-129). This pattern suggests that the 
features were the foci for communities around which a larger population 
concentrated their daily life and ceremonial activities. The majority of 
structures included large, deep pit houses with ventilator shafts and roof 
entries. Also introduced was the alcove pit house which varied in size and 
depth but always had a small bulge or "alcove" attached to one corner or 
side. The earliest masonry surface structures occurred at this time (Har-
grave 1933 ; Hohmann 1982 : 65 ; Pilles 1976 :129). They seem to have functioned 
as isolated field houses or storage structures on larger habitation sites. 

The population expanded out from previous localities (Colton 1946: 
263), with increases in the distributions of Alameda Brown Wares. Hohmann 
(1982:65) suggests an increase in habitation sites, in addition to an in-
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crease in the number of field houses, implies real population increases. 

Pilles' inference (1976:129), that the Rio de Flag phase represents 
the first period during which field houses and storage units were used, 
supports a conclusion that a mode of subsistence based on a firmly esta
blished agricultural technology became dominant. The concomitant population 
increase probably reflected the beginning of an even more marked Pan-South
western population increase in the succeeding phase (Pilles 1979:26). 

When McGregor first differentiated between the three foci, he dated 
the Padre focus after the Winona and Angell foci, with the earlier two foci 
contemporaneous. Angellrepresented indigenous development out of the Rio 
de Flag focus, with some influence from eastern Mogollon populations. Winona 
resulted from immigration, or a "site unit intrusion" (McGregor 1941:281; 
Schroeder 1961:63, 1975:25), into the area by Hohokam peoples, as shown by 
the presence of red-on-buff and paddle-and-anvil plainware ceramics, figu
rines, ball courts, shell, and house architecture. As he saw it, they never 
moved further than Winona Village, hence the focus name. As time passed, 
the two contemporaneous populations amalgamated and the resulting Padre 
focus spanned a relatively short time (McGregor 194].:281-282). Wilcox's 
reanalysis of the Winona dendrochronological data associated with the ex
cavated houses (Wilcox 1986:21-22) supports the temporal distinctions be
tween the foci. However, he proposes an alternative chronology; with the 
Winona phase lasting from A.D. 1070 to 1100, the Angell phase lasting from 
A.D. 1100 to]125and the final Padre phase lasting from A.D. 1125 to 1150. 

The data Wilcox used to support the foci distinction is not conclusive 
with dates ranging from A.D. 976 to 1140. Three types of houses occur at 
Winona Village including Winona, Angell and Padre. Wilcox feels that each 
house type conforms to its associated focus and that the tree-ring dates 
show a temporal distinction between the foci. However, several of the 
houses, including an early dated (A.D. 976) Padre house and two late (A.D. 
1104, 1107) Angell houses do not conform to his scenario. 
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Early Post-eruptive Phase and the Winona-Angell-Padre Foci 

The eruption of Sunset Crater around A.D. 1066 marked the beginning 
of significant cultural changes. Pit houses were the most common house 
type, but they varied much in style and construction. Pit house variation 
formed the basis for naming the three foci discussed in this section. The 
Angell and Winona foci were traditionally understood to be contemporaneous 
(McGregor 1941:283), dating from A.D. 1066 to 1100, and the Padre focus 
was thought to extend from A.D. 1100 to 1125. McGregor (1941:61) vacillated 
because seriation of assemblages from Winona Village tended to support the 
conclusion that the Angell and Winona foci occurred at different times. 
However, tree-ring dates (Harlan 1962; Breternitz 1966; Robinson et al. 
1975) indicate that the Winona and Angell foci lasted from approximately 
A.D. 1066 to 1125. The Padre focus appears to have begun later around 
the second decade of the 12th century but dates from pit houses associated 
with the previous two foci persist into the beginning of the 12th century. 



It does not appear that the Winona Village sites are suitable for 
addressing this problem of focus distinction because successive occupation 
would have obscured the evidence accumulated for each focus. Because of 
this problem the temporal distinction between the three foci was eliminated 
for this analysis, yielding one cultural period that corresponded to an 
early post-eruptive period which exhibited significant local population 
changes, as well as major social and technological changes. 

One distinction made between the Angell-Winona and the Padre components 
of this period was that Angell-Winona settlements were oriented around 
hamlets with outlying habitation unit/farmsteads, possibly consisting of 
extended families, field houses and agricultural fields (Wilcox 1986). 
At some time during the Padre phase the settlement pattern changed, re
flecting increased population aggregation and societal integration (Hohmann 
1981:69). During this period settlement systems changed from a hamlet 
focus to a more formalized village-focused plan with clusters of hamlets, 
farmsteads and field houses. Larger, 25 to 100 room pueblos were oriented 
around a communal structure. 

The Effects of Sunset Crater 

Because of its tremendous influence on the thinking and development 
of Sinagua interpretation it is necessary to discuss the eruption of Sun
set Crater from several perspectives. At the time of initial interpre
tation it was believed that Sunset Crater erupted once. Initial dating 
placed the eruption during the 8th and 10th centuries (Colton 1932c:584), 
but was later refined upwards to sometime during the middle of the 11th 
century, between A.D. 1050 and 1080 (Colton 1945; Breternitz 1967; Smiley 
1958). Recent work (Shoemaker 1977 ; Shoemaker and Kief fer 1974) indicates, 
based on paleomagnetic data, that the initial eruption was probably around 
A.D. 1065 and continued episodically for the next 200 years (Pilles 1979). 
The one detraction from this theory is that the basis for the dating, the 
archaeomagnetic curve, is potentially unreliable. 

It became obvious to Colton, even though he was unsure of the crater's 
eruptive cycle, that Sunset Crater had a tremendous impact on local in
habitants. He published his initial summary (Colton 1932c) of this effect 
with the following conclusions. He noticed an apparent population increase 
during the 10th and 11th centuries and felt that Sunset Crater provided 
a reasonable explanation for this increase. The ensuing ash fall provided 
a mulch which enhanced local agriculture in areas which, prior to the 
eruption, were nutrient poor. This increased arable land base prompted 
a land rush in which large groups of people from outside the Flagstaff 
area stampeded to the area to take advantage of it. This immigration re
sulted in an increase in structures and an explosion of cultural traits 
which he perceived as suddenly appearing after the eruption. Consequently 
his interpretations of local prehistoric development hinged on this inter
pretation. 
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Recent evidence of successive eruptions prompted local researchers 
to reconsider Colton's interpretations. It became apparent that his 
analysis of the situation did not account for pre-eruptive cultural vari
ability present in the area nor for population expansion outside the ash 
fall zone (Wilson 1969). Many of the foreign traits he described were 
apparently the result of local development, especially in ceramics and 
house form. Additionally, the population increase, interpreted as the 
result of local population expansion appears actually to have resulted 
from pan-Southwestern influences. More significantly, a change in agri
cultural technology led to an increase in field structures which were 
spuriously included in Colton's counts upon which the conclusions of in
creased population were based. 

Elden Phase/Focus 

This phase traditionally dates from approximately A.D. 1120 to A.D. 
1200. More recent information suggests that the range, based on the pre
sence of Flagstaff Black-on-white pottery, actually was some time between 
A.D. 1150 to 1225 (Ambler 1985:28-68; Downum 1988:487-488; Downum and 
Sullivan:20). This evidence tends to support Wilcox's chronology for the 
previous foci. This period was marked by a peak in the population increase 
initiated during preceding phases. The primary habitation unit was the 
surf ace masonry pueblo, which varied from one to 70 rooms (Colton 1946:271-
273). Wilson (1969:23) describes the Sinagua "... finally climbing out 
of pit houses and beginning to live in masonry pueblos." More recently 
Colton's one-room "pueblos" are thought to be field and storage structures 
which supported these larger pueblos. Evidence from the Coconino National 
Forest supports an interpretation of larger puebloan central sites ringed 
by a complex of supportive agricultural sites, such as fields, field struc
tures, storage structures, farmsteads and hamlets. Well known areas oc
cupied during this period include Wupatki, Elden Pueblo, Turkey Hills, 
New Caves and Walnut Canyon. Settlement expanded over large areas around 
the San Francisco Peaks, coincident with expansion throughout the Southwest. 
Settlement patterns reflected "increasing population aggregation and cen
tral redistributional units with a 'distancing factor' occurring between 
these primary sites and secondary and tertiary sites" (Hohmann 1981:72). 
Based on archaeological survey of the Wupatki, Walnut Canyon and Winona 
areas it appears that five kilometers was an average distance between pri
mary sites. The concept of a "distancing factor" assumes a hierarchy of 
sites in which higher order sites had more power and thus influenced the 
distance between sites and access to goods and services. The larger sites 
consisted of a masonry roomblock with associated pit houses. One inter
pretation for the function of these sites is that they acted as primary 
redistributional centers. Second order sites might have been the habita
tions for the majority of the population. Lower order sites probably were 
used seasonally as field structures, and then abandoned during harsher 
weather for the second order habitations. However, the excavation data to 
confirm this interpretation is sorely lacking and is based primarily on 
an assumption that sedentary aboriginal populations will structure their 
settlement in a hierarchical fashion. 
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This period witnessed the greatest expansion of Sinagua population. 
It covered an area from the east side of the San Francisco Peaks on the 
west to the edge of the cinder fields at Canyon Diablo on the east, from 
the Little Colorado River on the north to the southern edge of Anderson 
Mesa on the south. If density and distribution of sites equates with many 
people, large areas must have been under cultivation to feed such a large 
number of people. The presence of varied intrusive artifacts, including 
turquoise, copper bells, parrot feathers, argillite and ceramics, from 
other areas of the Southwest indicates widespread contact and trade. 

Turkey Hill Phase/Focus 

This phase, which began around A.D. 1200 to 1225 and lasted until 
A.D. 1300, is poorly represented in the survey and excavation literature. 
Sites consisted of large, widely dispersed pueblos. The most significant 
development was the abandonment of the Flagstaff area and the occupation 
of Anderson Mesa south of Flagstaff. whether this abandonment is a reflec
tion of aggregation of outlying populations into larger pueblos or of a 
removal to Anderson Mesa is not clear. Large sites, such as Turkey Hills 
Pueblo (the phase type site) , New Caves Crater, Old Caves Crater, and Elden 
Pueblo, still were occupied. Little is known about small site use from 
this period. Few, if any, field houses or other small sites have been 
recorded in the Flagstaff area with ceramics associated with this time 
period. This may mean a decrease in agriculture explained by a decrease 
in population in the immediate Flagstaff area in favor of sites on Anderson 
Mesa where little is known about the function of small sites. Based on 
the presence of Alameda Brown Wares as the dominant utilitarian ware, the 
sites were classified as Sinagua. 

Clear Creek Phase/Focus 

By the Clear Creek phase, after A.D. 1300, the Flagstaff area was 
abandoned and Anderson Mesa became the center of occupation. Large pueblo 
sites like Chavez Pass grew, and occupation focused around these pueblos. 
The large sites apparently acted as centers for redistribution of goods, 
especially of exotic items such as decorated ceramics, turquoise, obsidian, 
shell and argillite (Brown 1982:79-82; Upham 1980:206-280, 1982:125-165). 
Based on survey material from the Coconino National Forest, the support 
communities surrounding these massive pueblo sites were large and complex, 
including what were previously upper level sites and the lower order sites. 
Production of Alameda Brown Ware, marking the Sinagua cultural tradition, 
continued through the 1400s. It was supplanted around the end of the 15th 
century by the production of Jeddito Yellow Ware. At that time the Sinagua 
culture ends and Protohistoric Hopi culture appears. 
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Prehistory of Walnut Canyon 

Not all periods in the local chronology are represented in Walnut Canyon 
archaeology. A very brief occupation during the Archaic, dating to 4000 B.C. , 
is suggested by the presence of split-twig figurines found in a cave outside 
the east boundary of the monument (Euler and Olson 1965; Olson 1966). The 
major occupation of Walnut Canyon National Monument occurred during the cer
amic period, which in the Flagstaff area began around A.D. 500 and continued 
until A.D. 1400. In Walnut Canyon, except for dispersed Archaic presence, 
occupation began around A.D. 700 and continued intermittently to A.D. 1250. 

In Colton's report of his early survey he assigned Walnut Canyon sites 
to the time span from Late Pueblo II to Early Pueblo III (1932b: 22) . During 
that survey he examined an area larger than that within the present park 
boundary, extending from First Fort (three miles or 4.8 km east of the 
park) to Fifth Fort (approximately 0.5 mile or 0.8 km west of the park 
boundary) . His survey recorded only structures and he made only a few 
grab-sample collections. 

Van Valkenburgh and Euler recorded sites they assigned to pre-eruptive 
components of the Cinder Park and Rio de Flag phases (Van Valkenburgh 
1958:23; Euler 1962:11-12). Ceramic collections provided the basis for 
these inferences; the totals and percentages are not entirely convincing 
and require excavation for further verification. 

Preceramic Period 

No evidence of Paleo-Indian occupation has been found in the canyon. 
The earliest period of occupation is represented by a few split-twig figu
rines found in a cave east of the monument boundary near the Santa Fe Dam. 
No Archaic material has been found in survey, but this does not necessarily 
mean that Archaic populations were not using the canyon. Conditions during 
the Archaic were sufficiently wet to allow growth of gatherable species. 
Given the generally shallow soils on both rims, the ephemeral character of 
Archaic settlement, and disturbance during the subsequent ceramic periods, 
little evidence of use would be expected. 

Ceramic Period: Pre-eruptive 

Previous studies in the canyon suggest that prior to the eruption of 
Sunset Crater population density in Walnut Canyon was low. Population 
density was not great anywhere in the Flagstaff area. Euler (1962:12-13, 
48-49) recorded one Cinder Park phase and two Rio de Flag phase artifact 
scatters on the south rim, and Van Valkenburgh (1958:23) recorded three 
pre-eruptive sites dating to Pueblo I/Pueblo II (Sunset phase) on the north 
rim. During the 1985 survey additional pre-eruptive sites were recorded 
in the vicinity of those recorded by Euler. No structures were found on 
the surface and no testing has ever been performed to determine whether 
structures exist below the surface. 
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Ceramic Period: Post-eruptive 

The majority of sites at Walnut Canyon are assigned to the transition 
between the Padre and Elden phases, a generation or so after the eruption 
of Sunset Crater. Flagstaff Black-on-white and Walnut Black-on-white are 
the markers for Elden phase occupation, but these types do not always occur. 
At some sites Sosi Black-on-white sherds indicate an earlier occupation 
during the Padre phase. 

However, the majority of datable sites in the canyon range from A.D. 
1125 to 1250 (Colton 1946:75; Van Valkenburgh 1958:23; Euler 1962:11), 
with an apparent dominance during the Elden phase from A.D. 1150 to 1225. 
At one time the interpretation was that people moved into the Walnut Canyon 
area to escape deteriorating conditions elsewhere and in flight from the 
detrimental effects of the eruption of Sunset Crater (Walnut Canyon Bro
chure). Currently, the sudden proliferation of sites in the canyon during 
the 12th century is thought to be part of a pan-Southwestern population 
expansion (Pilles 1979). At the same time, formal village layout, agri
cultural systems (Cramer 1965), increasingly complex social organization 
(Hohmann 1981) , and more elaborate contact and trade relationships with 
surrounding populations developed. These developments were the rule, not 
just in the Walnut Canyon and Flagstaff areas but throughout most popu
lated areas in the Southwest except for the Kayenta region. There is also 
an indication that Walnut Canyon became attractive to local inhabitants 
for agricultural, social and possibly defensive reasons . During this phase 
the large "fort" sites of Walnut Canyon were constructed and occupied. They 
consist of several rooms built on large prominences which form the ancient 
meanders of Walnut Canyon. Each of these sites has compound walls outlining 
the steep escarpment of each prominence. Because of their inaccessible 
location and fortified walls they have traditionally been identified as 
defensive features. 

During the Elden phase Walnut Canyon provided a rich resource base 
for its occupants. The number of semipermanent and permanent habitation 
sites increased dramatically on the north rim, probably becoming the focus 
for a sizeable population. This sudden occupation of the canyon seems 
surprising since the indication is that Walnut Canyon was always an abundant 
resource zone. Currently there is nothing to indicate why earlier occupation 
was not greater. The largest habitation structures, including multiple-
room surface masonry and subterranean structures, occurred on the north 
rim; these probably were tied to smaller outlying field and storage struc
tures. In the Ranger Canyon area an extensive agricultural system of check-
dams and terraces was associated with a string of apparently semipermanent 
or permanent habitation structures (Cramer 1965). 

Surface collections indicate that most sites on the south rim also 
first were occupied during the Elden phase. Euler (1962:52) and Van Valken
burgh (1958:6) both suggested the structures were occupied seasonally. 
Euler postulated that occupation and use of the rim was directly tied to that 
of the canyon. Evidence from the 1985 survey suggested that occupation of 
both rims and the canyon sites was intricately tied between all three areas. 
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Based on the presence of rim-to-canyon-bottom trails, on the proximity 
of sites to each other, and on the degree of correlation between ceramic 
collections, the canyon probably was occupied by a relatively homogeneous 
group of people in daily contact with each other, including people in the 
rim locations. 

None of the early work discussed the nature of life in the canyon, 
although the prehistoric occupants obviously spent a great deal of time 
and labor there. When Colton surveyed the canyon he of fered no conclusions 
about occupation of the canyon, and Van Valkenburgh and Euler limit them
selves to comments on relationship of the rims to the canyons. Van Valken
burgh inferred that the rim areas were used as "... a secondary base of 
operations" (1958:12). However, later information from excavation and 
stabilization concerning numbers and diversity of artifacts, as well as 
the number and solid construction of canyon structures, indicate extensive 
and at least semipermanent occupation (Kelly 1968 and Ritchie 1970). The 
duration of and seasonality of occupation in the canyon were two major 
questions addressed by the 1985 survey. 

Except for Colton (1932b) , the relationship between the "forts" and 
other sites in the canyon received as little attention from previous re
searchers as the rim sites. Second and Third forts originally were re
corded by Colton, but were not recorded in succeeding surveys. Fourth 
Fort is the only such site rerecorded by Euler. The little research con
ducted on the forts suggests they were constructed either as defensive 
features or to regulate access to the canyons. Perimeter and compound 
walls at Second and Third Forts made the sites of the prominences straight 
and impregnable. Defensive functions and regulation of access can be in
ferred from walls protecting the tops of the forts and site location in 
the canyon. The forts occupy places in the canyon where erosion and topo
graphy created reasonable access to and from the rim of the canyon. Each 
fort offers a good view of large portions of the canyon and both rims. 
Site density on the rims near the forts is greater than in other areas. 
Consequently, these site clusters may have been support communities as
sociated with the forts. 

Summary 

Occupation of Walnut Canyon by the Sinagua began during the early 
12th century or Padre phase (A.D. 1125) and lasted until the end of the 
Elden phase (A.D. 1250). Before the Padre phase the canyon was sparsely 
used by populations in the Flagstaff area. The canyon area may have re
quired a more complex level of settlement organization to efficiently 
allocate labor and resources. It is possible that the changes occurring 
at Winona Village during the previous phases (Angell and Winona) acted as 
a triggering mechanism sparking settlement in the area. Prior to that 
time local populations may not have had the level of social organization 
necessary to settle an area as diverse as Walnut Canyon. During previous 
periods the settlement organization may have been too dispersed to deal 
with settling and using the area around Walnut Canyon. It may have taken 
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the earlier development of a hamlet organization, in the vicinity of Winona 
and Turkey Hills, to develop the necessary skills for harnessing the po
tential of the canyon environment. This organization may have overflowed 
into the Walnut Canyon area when the canyon's resource potential was recog
nized by the inhabitants. The later pattern of settlement suggests the 
inhabitants had sharply defined ideas about the use of space, as if areas 
not previously recognized as such were seen as suitable for habitation or 
agriculture. 

The most crucial point to recognize is that a tremendous population 
increase occurred during Padre or Early Elden times. This expansion was 
manifest in the aggregation of small villages organized around central 
features (the forts), each with its own support system of smaller habita
tions and agricultural facilities. This expansion was comparable to similar 
expansion throughout the Flagstaff area, especially in the Wupatki and 
Winona areas. In turn, this network of communities in the Flagstaff area 
nurtured, as well as, perpetuated occupation within the canyon. It is note
worthy that Walnut Canyon was abandoned at the same time that settlement 
at other sites in the Flagstaff area failed. 

Walnut Canyon, because of the complete survey and the high site density, 
provided a suitable database for examining one of the finer aspects of the 
larger regional system: specifically that related to small scale settle
ment organization in the Walnut Canyon area. The changes and responses 
to regional influences were apparent in the settlement data from Walnut 
Canyon. The increase in the number of sites during the Padre to early Elden 
phases shows that Sinagua settlement expansion enabled them to exploit a 
much larger niche, primarily by planting more fields and staking claim to 
more land. Apparently, as habitations increased in number through time 
during these phases, the supporting agricultural sites also increased. 
This was especially evident on the south rim where field house numbers 
increased through time in response to construction of cliff dwellings in 
the canyon and elaboration of sites on the fort prominences. 
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CHAPTER 4 

METHODS 

Introduction 

During the 1985 survey, standard archaeological field methods were 
used to inventory the cultural resources on the monument. The subsequent 
analyses of ceramics and additional collections from sites were summarized 
in the project report (Baldwin and Bremer 1986). A brief summary of the 
survey methods is presented below. 

Initially all summaries of the data were descriptive. As time pro
gressed it became apparent that such description was not sufficient given 
the complex nature of the data. What was needed was a way to summarize 
the information so that the settlement and land use theory discussed in 
Chapter 1 could be addressed. The latter part of this chapter describes 
the methods used to conduct this summary. Initially the data were evaluated 
using SPSS-X. The resul ts derived included counts of site types (discussed 
in Chapter 5) and percentages of sites in environmental locations. Ob
viously these were not detailed enough to adequately describe settlement 
and land use patterns. A suggestion was made to use a graph theoretical 
method, the Minimal Spanning Tree (MST), to evaluate the data. Following 
an explanation of the method several examples of its use in archaeological 
contexts are given. 

Survey Methods 

The survey was accomplished by four archaeologists in 353 person-days. 
From April 1, 1985, to July 31, 1985, 83 percent (1,600 acres) of the 1,920-
acre monument was inspected. The 1985 survey divided the monument into 
three easily defined units: the south rim, the north rim, and the canyon. 
Both north and south rims (614 acres and 564 acres, respectively) were sur
veyed. Most of Walnut Canyon (472 of 742 canyon acres) was surveyed, in
cluding the area west of monument headquarters, the north slope on either 
side of Paul Canyon, and Cherry Canyon. Sixty-seven of the 242 sites were 
recorded for the first time (Baldwin and Bremer 1986) . 

Techniques 

Survey of the south rim began in the southwest corner of the monument 
and consisted of walking systematic, compass-oriented transects from the 
south boundary fence to the edge of the canyon. The transects moved from 
west to east and covered 100 percent of the plateau adjacent to the tri
butary canyons and Walnut Canyon. Survey of the north rim began in the 
northeast corner of the monument following systematic, compass-oriented 
transects traversing from the north boundary fence to the canyon rim. Move
ment of transects proceeded from east to west until 100 percent of the 
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plateau area of the north rim was surveyed. Because of the treacherous 
nature of the canyon, survey was conducted in transects parallel to the 
contours of the canyon, as opposed to perpendicular transects from canyon 
rim to bottom. 

On the rims, each of three or four surveyors walked a parallel transect 
spaced approximately 20 meters (total transect width varied from 60 to 80 
meters) apart with one of the individuals in the center acting as recorder. 
The surveyors were responsible for locating artifacts, scatters, features, 
and sites. Diagnostic artifacts, nonsite features, and sites were marked 
with pin flags. The recorder kept a record of flagged locations and com
ponents on a large-scale copy of the appropriate U.S. Geological Survey 
(USGS) topographic quadrangle. The two maps covering the Walnut Canyon 
area are the Flagstaff East (7.5') quadrangle on the west and the Winona 
(7.5') quadrangle to the east (Baldwin and Bremer 1986). 

Site Recording 

Site recording was divided into four parts: (1) drawing the site 
map; (2) filling out the site form; (3) plotting the site on aerial photos 
and maps, and taking photographs; and (4) analyzing the artifacts on the 
site and placing a site tag. Each site map was drawn using a cross-tape 
method to map the site in quadrants. The site was plotted on USGS topo
graphic maps and a small-scale, enlarged copy of a U.S. Forest Service 
aerial photo. Photographs were taken for color slides and black-on-white 
prints. The site tag on rim sites was placed in the south side of the base 
of a centrally located tree. In canyon sites, where trees were rare, the 
tag was placed in a tree at the edge of a site in the most conspicuous 
location or in a crack in the wall of the shelter. The site numbers for 
all sites ran consecutively and were renumbered for this project. Cross 
reference to previous survey numbers is found in Appendix B. 

Collections were not made unless field identification was question
able. In the case of rim sites with 100 or fewer artifacts, all surface 
materials were examined. On sites with denser scatters a one meter by 
ten meter transect through the densest portion of the site was analyzed. 

Many canyon sites recorded during the List of Classified Structures 
(LCS) survey and inventory in 1976 (Suddereth et al. 1976), had adequate 
sketch maps drawn by the LCS teams. Most previously recorded sites were 
rerecorded on a 1985 site form, had a site tag and number assigned, and 
necessary revisions made to the existing LCS sketch map. Sites not re
corded by the LCS team but recorded by Colton were completely rerecorded. 
In most canyon sites little artifactual material remained on the surface 
near structures. The masonry rooms in overhangs were extensively vandalized 
during the early 20th century with walls broken down and artifacts near 
visible architecture removed, so that only presence/absence of artifacts 
was noted for canyon sites. Very often an artifact scatter continued on 
the steep slope below a site, but was considered inaccessible for further 
field analysis (Baldwin and Bremer 1986). 
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Reanalysis of Previous Collections 

During the analysis and writing phase of the project, collections 
from the monument taken during previous projects were reexamined to dis
cover the discrepancies, if any, between the 1985 field inspections and 
Van Valkenburgh's 1950s survey, Euler's 1961 survey, and from various non-
project collections taken from sites inspected by Colton, presumably during 
the 1920s and '30s (Table 6 in survey report-Baldwin and Bremer 1986). The 
reanalysis could not account for 30 sherds identified by Van Valkenburgh 
and 5 identified by Euler. Several sherds were originally assigned to 
types no longer recognized or to types now reclassified with notable dif
ferences between previously identified Winona Brown and Sunset Red which 
have recently been reidentified as Early or Late Angell Brown and Sunset 
Plain. Another significant difference existed between the number of Dead-
man Gray and Rio de Flag Brown identified by Van Valkenburgh and the number 
identified by the reanalysis. In some cases the two can be mistaken which 
appeared to have been the case with Van Valkenburgh who identified many 
more Deadman Gray rather than Rio de Flag Brown and the reanalysis showed 
that it was the other way around. This would have an effect on interpre
tations of cultural affiliation of people responsible for deposition of 
the sherds. The reanalysis did not discover any major discrepancies in 
the number of decorated ceramics originally identified between the original 
analysis of Van Valkenburgh and Euler, and the reanalysis. 

Site and Settlement Data Analyses 

The collection's analyses and site descriptions included in the survey 
report (Baldwin and Bremer 1986) , while satisfactory for the management 
goals of the project, were inadequate for addressing the research interests 
of this paper. Because of this it became necessary to further summarize 
the data. The site typology, discussed in Chapter 5, developed for this 
paper formed the basis for an analysis of site types and site locations 
at Walnut Canyon. In addition to the typological information, data on 
site size, terrestrial ecosystem category, environmental location, early 
and late date of occupation, and Universal Transverse Mercator (UTM) 
coordinates were also recorded. 

Summary Descriptive Statistical Analysis 

The descriptive analysis was conducted using frequency and cross-
tabulation summary routines in the Statistical Package for the Social 
Sciences-Version X (SPSS-X) (SPSS, Inc. 1983). The need to complete a 
summary analysis arose from the inadequacy of the descriptive analysis in 
the survey report (Baldwin and Bremer 1986). To perform the analysis a 
codebook (Bremer 1988 : Appendix A) was developed which provided the necessary 
codes to reduce the raw survey data to a manageable database (Appendix A). 
The variables in the codebook corresponded to the classes of information 
derived from the site typology. Also additional site, temporal, environ
mental and locational information were encoded for each side. After the 
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sites were coded according to the format specified in the codebook the 
database was subjected to a summary analysis consisting first of fre
quencies for each variable. A combined site type variable was generated 
from the data file by combining the values for each of the three classes 
of site type information. This variable was used because it produced a set 
of mutually exclusive site types which could then be further analyzed. The 
combined site type was then cross-tabulated against the environmental cate
gory and other site characteristics. These results form the basis of the 
summary analysis of site distribution in the following chapter. 

Minimal Spanning Tree Analysis 

Intuitive evaluation of the data suggested that sites in the Walnut 
Canyon area were distributed across the landscape in a nonrandom pattern. 
It appeared that limited activity sites were organized around multiple 
activity sites and that these congregations formed distinct clusters around 
Walnut Canyon. While obvious at an empirical level the patterning was 
much more difficult to demonstrate objectively. What was required was 
some unbiased way of discovering the patterning in the data. 

A method used with some success in archaeology to eva Luate point distri
butions is called the Minimal Spanning Tree method (Zahn 1971). The method 
is useful because it operates on the assumption that there is some interest 
in the separation between points in space. If used correctly the method 
should give an idea of the separate groupings or "gestalts" present across 
space at Walnut Canyon. A primary assumption in the study of patterns is 
that humans recognize patterns by discerning differences in texture across 
space (Zahn 1971). This is what is responsible for the empirical identi
fication of patterns in a data set. The Minimal Spanning Tree serves as an 
"...aid to detecting and describing the structure of point clusters" (Zahn 
1971:69), so that the empirical patterns can be verified. In most cases 
the method also makes additional contributions by revealing additional 
patterning within the data. 

The method operates on a specific point set. In this case the set 
consisted of the locations of sites within the boundary of Walnut Canyon 
National Monument. The objective was to distinguish between those points 
which were closest to one another from those which were not. In this 
analysis the method concentrated on determining "nearest neighbors" (Zahn 
1971:71). To do this a computerized algorithm (Page 1974) was applied to 
site locations as described by their UTM coordinates. Each site point 
was called a node and a pair of connected nodes were called an edge with 
the value of each edge being weighted relative to all other edges on the 
basis of the distance between nodes. The surface on which the points 
occurred was called an edge weighted linear graph or the map with plotted 
sites. The sequence of edges joining multiple nodes was called a path. 
When the sequence of edges forming a path was closed it was referred to 
as a circuit. When all nodes were connected in a graph the graph was 
connected. If a connected graph had no circuits then it was considered 
to be a tree. Following this, a spanning tree was a tree containing all 
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the nodes of a graph. Logically the weights of all of the edges of a tree 
were then equal to the total weight of the tree. Finally a Minimal Spanning 
Tree (MST) was a tree whose weight was the minimum for all the possible 
spanning trees of a graph (Zahn 1971:71-72). Zahn's description of the use 
of Minimal Spanning Trees formed the basis of the analysis for this paper. 

The idea behind the method is to sort sites into clusters based on 
the minimum distance between the sites or "...to detect inherent separa
tions in the data by deleting edges from the minimal spanning tree which 
are significantly longer than nearby edges" (Page 1974:321). First one 
must make a determination of how to sort out inconsistent edges between 
nodes so that separation can occur. Two things must be specif ied when per
forming the MST analysis and determining inconsistent edges: (1) a length 
that is "...more than ' f times the average of the length of nearby edges 
and (2) (a) length (of an edge that) is more than 's' standard deviations 
larger than the average of the lengths of nearby edges" (Page 1974:321). 
The end result of the Minimal Spanning Tree allows the researcher to describe 
the two-dimensional relationship between clusters, and the links between 
and within clusters. 

In the analysis conducted on the Walnut Canyon data a distance of 
two times the average length and two standard deviations was designated. 
In other analyses it may be necessary to specify more or less values to 
explore the distribution of points in space. However, at Walnut Canyon 
the values given provided optimal separation between the points in space. 
Increasing the value would have decreased the number of clusters and de
creasing the values would have further segregated the sites. The resolution 
of the clusters obtained from the analysis using values of two for distance 
and standard deviation was sufficient enough to illustrate substantial 
differences between clusters. The few instances where outlying clusters 
consisted of fewer than five sites probably would have been enhanced by 
specifying greater values but would not have contributed significantly to 
the analysis. A decision was made that the resolution obtained from the 
two values was sufficient for this exercise. 

The end result of the analysis was a tabulation of all nodes or sites 
and their nearest neighbors. This tabulation formed the basis for the 
distribution maps presented in the next chapter. Lines were drawn be
tween each of the nodes and their neighbors. At the end of the analysis 
the nodes were clustered on the basis of the distance and standard deviation 
factors given above. Lines were drawn on the maps around the specified 
clusters. 

During the analysis it became apparent that performing the analysis on 
all sites, while making some patterned sense of the data, did not explain 
all of the variability known to occur. A decision was made to further 
subdivide the sites on the basis of time and site type. This was an im
portant decision because many of the research questions were based on 
determining whether there were changes in the settlement structure through 
time. In fact, because this study did concern the interaction between con-
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temporaneous occupants of Walnut Canyon, it was extremely important that 
time was controlled as strictly as possible. Because excavation data did 
not exist, all sites within the pre-eruptive, early post-eruptive and late 
post-eruptive categories were assumed to be essentially contemporaneous or 
occupied at the same time. 

Minimal Spanning Tree Case Studies 

The MST method has been used successfully in other archaeological 
contexts. The following presents three separate projects and a summary 
of their results. In two of the cases the concern was with the distri
bution of sites in space and a third was concerned with the distribution 
of artifacts within a feature. 

In 1978 the study of site location received prodigious attention, 
especially in the Southwest. This, no doubt, resulted from formation of 
the Southwestern Anthropological Research Group (SARG) and its emphasis 
on the description and interpretation of settlement patterns. As part of 
this trend, Wood (1978) presented a model of location strategy focusing 
on optimal location and settlement space. The study area consisted of 
Paleoindian sites in the central Rio Grande valley, near Albuquerque, New 
Mexico (Judge 1973). The Minimal Spanning Tree method was used to cluster 
site locations "...with similar 'points of view' toward the critical re
sources..." (Wood 1978:265). Distances to critical resources were ranked 
and multidimensional scaling was performed using those distances. The 
result was a Euclidean model of Paleoindian settlement space with the 
critical resources distributed across a three dimensional joint space 
configuration. The sites were clustered using the Minimal Spanning Tree 
technique, based on similarities in their distances to the critical re
sources. It was unique in that it did not deal with the real distribution 
of sites and intersite relationships in the project area. Rather it dealt 
with a conceptual space based upon optimal site location with references 
to the critical resources and how well the sites were distributed in this 
Euclidian space with respect to critical resources and optimal site lo
cations. 

At another level, the 1980 excavations on White Mesa in southeastern 
Utah used the method to describe the clustering of artifacts on a pit 
house floor (Agenbroad et al. 1981). The primary motivation for using 
the method was to learn about the utilization of space within a domestic 
unit as an indication of the type of domestic group that occupied the 
structure. Because the pit house had two rooms they felt that there should 
be distinct activity areas. They assumed that the artifacts on the floor 
had not been disturbed since the structures burned and that the artifact 
distribution resulted from activities associated with a level of social 
structure (social organization) and pattern of the inhabitants (Agenbroad 
et al. 1981:158). They found satisfactory groupings of artifacts at a 
distance and standard deviation of six. Essentially their results sug
gested that there were functionally distinct locations within the pit 
house, with the artifacts in each cluster generally being associated with 
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similar activities. They also tentatively concluded that the "...limited 
amount of different artifacts and inferred functional usage would seem to 
support a nuclear household rather than that of an extended family" (Agen-
broad et al. 1981:161). The study was interesting because it dealt with 
the distribution of a class of objects in real space on an intrasite basis. 

The last case study focused on illuminating site distribution patterns 
from large scale spatial information. In the Nara Basin of Japan the con
struction of rice paddy field systems disturbed subsurface archaeological 
remains. Even though the remains were disturbed they were still considered 
to be archaeological resources. Barnes (1986:373) considered the resources 
to be "laterally displaced" rather than destroyed. Because the distance 
evened out to less than 0.5 km. , she considered the information still useful 
for settlement pattern investigation. The concept was important because 
of the large degree of land alteration which has taken place in Japan to 
prepare rice paddy fields. 

Sites were gridded as they occurred in 0.5 km. squares. These squares 
were then subjected to a Minimal Spanning Tree analysis to see if patterns 
emerged. The results tended to cluster in complexes associated with settle
ment patterns known for protohistoric Japan. This was to be expected since 
the materials removed from paddy fields would have most recently been 
deposited on during the protohistoric period. Barnes maintained that the 
patterns had "considerable internal consistency" (1986:376) and were as
sociated with traditional routes of access recorded for the area. The 
results of the study tended to confirm the reliability of using laterally 
displaced occurrences as indicators of site location. 
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CHAPTER 5 

DATA PRESENTATION AND ANALYSIS 

Site Definition 

Definition of a site followed several criteria. Most often a site 
was required to have a minimum number of artifacts or a cultural feature 
and a recognizable boundary. Surface architecture automatically was given 
site status. In some instances, more than one architectural unit was close 
enough to one or more other units to form a single site. On the south 
rim concentrated artifact scatters of 25 or more artifacts within a 100 
square meter area were labeled as sites. More flexible definitions were 
used on the north rim where extensive, dense artifact scatters would have 
qualified as large amorphous sites. Instead, the location and relative 
density of such scatters were simply recorded on initial survey maps. The 
information from these scatters later helped determine the larger use area 
associated with the north rim sites (Figure 9). Numerous nonsite fea
tures were noted on topographic maps and detailed by the surveyors. These 
features were designated as such based on low artifact density (artifact 
scatters), isolated occurrence (isolated artifacts), or questionable au
thenticity. 

Site Typology 

Several prehistoric site types were recognized and recorded by the 
survey team. Two hundred and thirty-five sites, excluding historic re
sources, were included in the analysis. The historic sites and historic 
materials found at prehistoric sites have been described by Stein (1986). 

Before analyzing settlement and land use of the Walnut Canyon area 
it is necessary to have some idea of the structure of the data. To sum
marize the data a typology organizing the sites into meaningful units is 
described. 

Local and Past Typology 

Up to 1969, discussions of site typology in the Flagstaff area tended 
to focus on the physical remains present on sites, especially if archi
tecture was present. In the past Dr. Colton saw a need to condense and 
standardize the data he collected. In one of his earliest papers (Colton 
1932b) on archaeology in the Flagstaff area he identified different kinds 
of "small house ruins": those having large rooms and those having smaller 
rooms. He also made a distinction between small house sites and pueblos 
(Colton 1918:3). This early exercise in typology shows that at an early 
period in the study of Flagstaff archaeology Dr. Colton was concerned with 
organization of the data to facilitate explanation. 
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On 

Figure 9. Distribution of artifact scatters recorded throughout the monument 
during the 1985 survey. (Baldwin and Bremer 1986:90) 



In 1932, when he completed his first real summary of Flagstaff archae
ology, his typology included temporal, cultural and spatial facets (Colton 
1932b:Appendix). His need to explain cultural development on the basis of 
associated traits eventually led to development of a temporally and cul
turally diagnostic typology (Colton 1946:268-281). 

In the 1950s and 1960s Van Valkenburgh (1958) and Euler (1962, 1964) 
divided the sites they recorded at Walnut Canyon into various descriptive 
types based ultimately on Colton's distinction between small houses and 
pueblos. Their reliance on identifying individual structures as types shows 
a prevasive Coltonian influence, as opposed to describing the nonstructural 
characteristics of sites. Wilson's (1969) survey of the Anderson Mesa 
area used types very similar to the above. 

In one of the more ambitious attempts at typological classification 
Pilles' (1969, 1976) evaluation of the role of field houses in the Sinagua 
settlement system showed that archaeologists wish to discern functional 
as well as chronological and cultural differences between structures. In 
turn, the desire to show functional differentiation had an effect on the 
way the physical evidence was interpreted. His field house study found 
a continuum of structural complexity in which true field houses, with 
limited assemblage variability, play a limited activity role. Larger, 
more complex, sites tend to have more varied assemblages. Pilles' lack 
of a controlled sample would also mean that there are certain sample size 
and diversity problems which he did not address which could affect his 
statements regarding limited versus multiple activity sites. However, 
his conclusions do lead to the notion of a dichotomy between limited acti
vity and habitation sites in the Flagstaff area. 

Since the 1976 study, the focus of site typology in the Flagstaff area 
has been on the role of agricultural structures in Sinagua society. Mark 
Sutton's (1977) thesis on the concept of the field house illustrates this 
point. He identifies a type of structure called a field house and varieties 
of the type he calls classes (Sutton 1977:49). Within the type he defines 
three classes: (1) farmhouses; (2) storage structures; and (3) temporary 
shelters. His definitions which are based on perceived functional and as
semblage differences make it difficult to determine if he accounted for the 
full range of variability possible within each of the categories. 

MacBride (1979) focused on the differences, through time, between 
subterranean and surface structures. He also made statements about struc
ture function based on the presence or absence of attributes in the struc
tures. Although not strictly typological the study distinguished between 
types of sites making it informative on the apparent changes in architecture 
through time. 

The most recent full scale attempt at structural classification was 
Perry's (1981) analysis of settlement in the Medicine Valley area north 
of Flagstaff. In that report he distinguished between the following types: 
(1) alcove house; (2) pit house; (3) rectangular surface structure; (4) 
patio house; (5) surface storage structure; (6) subsurface storage struc-
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TABLE 3 

Wilcox Site Definitions 

Site Type 

1. Small Nucleated Villages: 

2. Hamlets: 

3. Farmsteads: 

4. Artifact Scatters and 
Field Houses: 

Defining Criteria 

Pueblos with 25-100 rooms 

Pueblos with 9-20 rooms or 
9 to 15 pit houses. 

Pit house sites with 1 to 6 
pit houses. He makes a 
distinction between small 
(1 to 3 pit houses) and 
large (4-6 pit houses) 
farmsteads. 

Short-term, seasonal 
occupations. 

ture; (7) circular surface structure; and (8) surface structure using lava 
outcrop or cliff face as a wall. Although the types appear to be descrip
tive, Perry's definitions of the types show he intended to convey a sense 
of their functional utility of many of the sites. However, his analysis 
does not show that he addressed functional differences independently. 
Essentially he duplicated the efforts of previous researchers by combining 
descriptive and functional site classes which may or may not have value 
beyond basic classification. 

Walnut Canyon Site Typology 

Wilcox's (1986) work in the Flagstaff area from 1985 and 1986 deals 
with site definition from a community organization perspective. He dis
tinguished between small nucleated villages, hamlets, farmsteads and lim
ited activity sites consisting of artifact scatters and field houses (Table 
3) (Wilcox 1986:31-32). The Walnut Canyon typology was developed on a 
similar level; however, the lack of excavation data precluded addressing 
the social consequences of labeling sites in the same manner. 

The biggest problem with using excavation-based categories, is that 
they require data not found on survey. The problem with using survey data 
to determine site type was the most perplexing in developing the Walnut 
Canyon site typology. The field work was conducted with the researchers 
aware of the many different types that had been applied to Sinagua data. 
It became clear that there was not any one way to do classification. It 
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was also clear that a monothetic approach, where a site was either one 
thing or another, would not work because it would undoubtedly produce 
descriptive categories that oversimplified reality. 

To deal with the site variability, a hierarchically arranged site 
typology was designed which expanded on that used in the 1985 survey (Baldwin 
and Bremer 1986). The typology examined sites at three levels of classi
fication. The first order of classification was largely descriptive, 
designed to sort the sites into mutually exclusive categories. These 
included: 

1) artifact scatter; 
2) single structure; 
3) multiple structures; 
4) non-structural feature(s); 
5) single canyon structure; 
6) multiple canyon structures; 
7) historic; and 
8) rock art. 

For the purposes of this study, historic sites were no longer considered 
after this point. 

The second order of classification attempted to become even more 
descriptively explicit about the nature of sites while still remaining 
mutually exclusive. This class consisted of the following categories: 

For the analysis rooms were considered to be distinct from structures in 
that structures were composed of rooms. In fact the analysis at this level 
relied primarily on surface data although at times it was difficult, given 
unclear rubble outlines, to determine the number of rooms and structures 
on the sites. 
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1) lithic scatter; 
2) sherd scatter; 
3) sherd and lithic scatter; 
4) single room structure; 
5) two room structure; 
6) more than two room structure; 
7) two one-room structures; 
8) two structures with three or more rooms total; 
9) more than two structures with any number of rooms; 

10) alignments; 
11) rock piles; 
12) miscellaneous features; 
13) single room structure canyon; 
14) two to four room structure canyon; 
15) five to ten room structure canyon; 
16) eleven or more room structure canyon; 
17) two or more single room structures canyon; and 
18) mix of 13 through 17. 



The third level was strictly functional and relied primarily on the 
types and density of artifacts present on the surfaces of sites and the 
degree of permanence interpreted. The categories used included: 

1) tool reduction; 
2) food processing; 
3) agricultural; 
4) field house; 
5) storage; 
6) habitation; 
7) trash associated with a structure; 
8) defensive; 
9) ceremonial; and 

10) temporary shelter. 

Obviously assignment of these categories to sites depended on the expertise 
of the investigator. This was controlled for during the survey in that 
all site descriptions were completed by the same recording team. Tool 
reduction and food preparation were easily inferred given artifactual 
material, including lithic debris and tools. Agricultural sites and field 
houses were differentiated primarily on the basis that field house sites 
had at least a single masonry room with a sparse and low variability arti
fact scatter, and agricultural sites consisted of alignments and rock piles 
without structures. Permanent and seasonal habitation were not differen
tiated because of the need for excavation data to address the question. 
These sites differed from agricultural or field house sites primarily in 
their degree of permanence and the abundance of artifacts. Sites classed 
as trash-associated-with-structures were more difficult to identify. On 
one hand, some assigned to the category were dense artifact scatters with 
probable subsurface structures while others were high density scatters 
associated with sites beyond the extent of the mapped site boundary. De
fensive and ceremonial sites were designated as such strictly on the basis 
of their location and their unusual physical features. Temporary shelter 
sites were well protected locations with ephemeral architecture. 

Given the tripartite division of the site classification, a wide range 
of variability is possible. In fact, 31 mutually exclusive categories of 
the three-way site definitions were derived. The large number of cate
gories would have made summarization difficult. Because of this site 
types were derived from the analysis of the three-way site definitions and 
included artifact scatters, nonstructural features, field houses , multiple 
room/multiple structure sites and defensive sites. 

Artifact Scatters 

In all, 20 sites were designated as artifact scatters, including both 
lithic (six) and sherd and lithic sites (14). Six sites (WACA85A24, 26, 
28, 29, 39 and 40) were designated lithic scatters based on an abundance of 
chipped stone artifacts and no sherds. Kaibab chert, the local surface 
rock, is the most common knapping material, but few chert tools or points 

57 



were noted. Government Mountain obsidian, fine-grained basalt, jasper, 
chalcedony, and quartzite are represented in smaller quantities, usually 
as whole or fragmented points, bifaces or thinning flakes. 

The other 14 artifact scatter sites consist primarily of large lithic 
and sherd scatters on the north rim, with an occasional small scatter (15 
square meters) of obsidian or chert thinning flakes and a few sherds. Arti-
factual material is widespread along the north side, increasing in frequency 
near masonry sites (Figure 9). It appears that stone tool production on the 
south rim is a function of density of occupation, rather than of specia
lized activity. Fine-grained basalt, jasper, chalcedony, quartzite, and 
obsidian artifacts are rare, being less abundant locally. These materials 
probably were retained longer, and tool retouch flakes of these materials 
were more common than primary or decortication flakes. 

Non-structural Features 

For the most part these are features associated with sites but which 
were spatially separate. Eight sites fit into this category and include 
agricultural features, alithic scatter, a food processing site, a storage 
unit and trash associated with another site outside the survey area. These 
sites were all ephemeral except for WACA85A94 which was an earthen mound 
tested by Sallie Van Valkenburgh (1958). In addition to these sites, are 
numerous isolated features associated with sites, but not recorded as 
sites. These features were dominant on the western side of the monument 
and were often associated with larger habitation sites. 

Field Houses 

The field house designation was assigned to those sites that con
formed in one or more ways to the following characteristics: 

1) a square or rectangular room(s), or C-, L-, or U-
shaped enclosure (Figure 10); 

2) frequent use of double-walled masonry as a con
struction technique; 

3) moderate amount of wall fall corresponding to part 
or all of a masonry wall; 

4) diffuse artifact scatter or no scatter; 

5) predominance of plainware ceramics; 

6) interior room space of less than 12 square meters; 

7) isolated occurrence; and 

8) location some distance from habitation sites. 

The most common site type represented on the rim at Walnut Canyon is 
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Figure 10. Plan maps of three, one-room field houses: WACA85A18, 20 
and 89 (Baldwin and Bremer 1986:105). 
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the single structure, single room, field house (Figure 10). The field 
houses on the north and south rim account for 41 percent (n=99) of the 
recently recorded sites. They are an ubiquitous Sinagua phenomenon, with 
a long temporal span in the area. 

Within the field house classification are included single structure 
sites with more than one room and some sites with multiple field houses 
(Figure 11). These included another 27 structures. Construction tech
niques are similar to those used in single isolated field houses, but they 
are more difficult to define. A northwest/southeast structure orientation 
is slightly preferred over a northeast/southwest one; only two sites favored 
a north/south or east/west orientation. 

Several of these categories are discussed by Pilles (1976) in his 
concept of an "idealized" Sinagua field house. He argues that the typical 
field house consists of a single isolated structure, but he also includes 
structures found in groups or as two to four contiguous rooms (Pilles 1976: 
128). 

Sites recorded as field houses typically display certain character
istics. The majority of these sites consist of one rectangular or roughly 
square room (Figure 10) . Structure Shape was assessed on the basis of 
structure maps and structure descriptions on site forms. Interior size 
ranges from 1.2 meters by 1.4 meters to more than four meters by three 
meters. The average size is approximately 2.6 meters by 2.4 meters, with 
double-coursed walls of surprisingly consistent thickness (approximately 
50 centimeters). A northeast entryway, often with upright sandstone or 
limestone slabs, occurs twice as often as a southeast orientation. Site 
aspect appears less standardized with a southeast, northeast, east, open, 
southwest and northwest aspect observed in decreasing order of favor. 
L- or U-shaped enclosures usually were more uniform in size, averaging 2.5 
meters by 2.6 meters and varying no more than a tenth of a meter. 

The double-coursed wall occurs in all field house types. The pre
ferred doorway/opening is to the northeast. Standing walls do not exceed 
50 centimeters in height. The average wall fall spread is approximately 
one meter, suggesting a prehistoric wall height of close to one meter. The 
double-coursed wall probably provided adequate support for a ramada-like 
structure. 

The field house first appears in the Flagstaff region during the Rio 
de Flag phase (A.D. 900-1050) and of ten is associated with pit house (habi
tation) sites. These settlements are located along the alluvial parks 
(DoneyPark, Bonito Park, Black Bill Park) and washes that drain the Mount 
Elden area into the Little Colorado River. A connection has been suggested 
between field houses and nearby checkdams (Figure 11). 

Later, post-eruptive (A.D. 1065-1100) expansion of people away from the 
flanks of the peaks, a possible response to soil depletion and the eruption 
of Sunset Crater, manifests itself in an abundance of field houses in the 
present Pinyon-Juniper zone. These sites often are accompanied by pit 
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Figure 11. Plan maps of two-room field houses: WACA85A125 and 127. 
(Baldwin and Bremer 1986:109) 



house and small pueblo sites. The latter might have been exploratory 
settlements in the area. 

The Padre and Elden phases (A.D. 1100-1300), times of marked climatic 
fluctuations and population shifts, reflect coincidental increases in field 
sites and large habitation sites situated along major washes (San Francisco 
Wash, Deadman Wash, Youngs Canyon, Diablo Canyon, and Walnut Canyon) and 
near lava flows, where "ak chin" farming might have been possible (Pilles 
1976:129). Field houses also are found clustered around smaller habita
tion sites located away from optimal farmlands, apparently in an attempt 
to exploit areas of lesser agricultural potential. 

Multiple Room/Multiple Structure Sites 

Fifteen sites on the rims qualify as habitation sites and they vary 
widely. All have at least one masonry structure. Most have more than one 
masonry structure. The most common type has a variety of structures in
cluding one to two-room masonry units with probable subsurface houses, 
suggesting that these sites were used for habitation (Figure 12). These 
sites are some of the more interesting because they contain the greatest 
amount of variability (Table 4). 

All but one of the sites, presumed to have had long-term occupancy, 
are located on the north rim. Features of this group are: 

1) contiguous multiroom arrangement; 
2) abundant trash; and 
3) full height single-story masonry. 

These criteria fit two sites that are "unit pueblos." These sites, 
WACA85A85 and 86 (NA 386 and 385), are northeast of monument headquarters 
near the Rim Trail. WACA85A85 is a four-room, L-shaped pueblo with three 
contiguous rooms oriented northeast/southwest and a fourth three-sided room 
attached to the northeast side. Interior room size is fairly consistent at 
approximately 2.7 meters by 3-4 meters, with walls averaging 65-70 centi
meters thick, probably double-coursed. No additional isolated rooms or 
pit houses are present. 

The second pueblo, WACA85A86, is 60 meters south of and visible from 
the end of the Rim Trail. It consists of four contiguous rooms of apparent 
double-coursed limestone masonry construction. The structure is oriented 
northwest/southeast, with a naturally level bench to the east. Wall fall 
surrounding two rooms is abundant and extensive, suggesting a possible 
second story or tall walls. 

Other multiroom structures have some or all of the following features: 

1) auxiliary rooms, possibly storage units; 
2) pit structures; 
3) linear arrangement of rooms; and 
4) a cluster of one- to two-room structures. 
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Figure 12. Plan view of multiple room/multiple structure site: 
WACA85A134 (Baldwin and Bremer 1986:125) 

63 



TABLE 4 

Multiple Room/Multiple Structure Sites: Habitations 

Number Size Total Associated 
Site Number of Square Roof Age Location Features 

Structures Meters Area 

WACA 85A- 10 6 2,000 82.32 A.D.1066-1250 Fourth Fort Defensive 
South Rim Wall and 

Cavates 

WACA 85A- 42 1 280 23.70 A.D.1150-1250 Fast North N/A 
Rim 

WACA 85A- 45 1 2,508 28.00 A. I). 1150-1250 Central North N/A 
Rim 

WACA 85A- 46 2 400 24.01 A.D. 1150-1250 Central Nortli N/A 
Rim 

WACA 85A- 48 3 3,081 91.69 A.D.1150-1250 Central North N/A 
Rim 

WACA 85A- 50 6 15,625 106.91 A.D.1150-1250 Central North Second Fort 
Defensive 
Wall 

WACA 85A- 85 1 2,475 38.13 A.D.1066-1250 Central North Paul 
Rim Canyon 

WACA 85A- 86 1 3,072 36.90 A.D.1066-1250 Central North Paul 
Rim Canyon 

WACA 85A- 87 3 5,200 85.60 A.D. 950-1250 Central Nortli Head Paul 
Rim Canyon 

WACA 85A- 90 9 9,000 211.75 A. 1). 1150-1250 Central North Third Fort 
Rim 

WACA 85A- 96 1 504 39.44 A.D.1150-1250 Central North N/A 
Rim 

WACA 85A-109 3 4,200 56.90 A.D.1066-1250 Central North N/A 
Rim 

WACA 85A-132 3 720 20.13 A.D.1100-1250 Western North Ranger 
Rim Canyon 

WACA 85A-134 3 2,450 101.86 A.D. 950-1250 Western North Ranger 
Rim Canyon 

WACA 85A-142 3 6,120 65.76 A.D.1100-1250 Western North Ranger 
Rim Canyon 

WACA85A48 has four contiguous rooms arranged in a square, two pit 
house outlines, and a possible small storage room attached at the south
east. All but one room measure less than three meters across and walls 
are of double thickness. Two pit house outlines lie northeast of the main 
structure, which is oriented northwest/southeast. More pit houses probably 
are buried in the soil, which is about 60 centimeters deep. Artifacts are 
abundant and concentrated in midden-like areas to the east and southeast. 

NA 103, 475, 476, 477 and 478, subsumed under site WACA85A90, is lo
cated east of the monument headquarters parking lot and is the largest 
grouping of structures on the monument. Most obvious are the excavated 
two-room structure (NA 103) and pit house (NA 476), since they comprise 
the major tourist attraction on the north rim. Linked to these structures 
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through dense artifact scatters are a three-room structure (NA 477) to the 
west, a two-room masonry structure to the south (NA 475), a couple of 
possible roasting pits (Features 2 and 5), and another one-room, double-
walled structure (NA 478). Additional alignments (Features 3 and 6) are 
poorly defined and difficult to describe. 

WACA85A46 is one of the more ephemeral masonry habitation sites on 
the monument. It consists of one two-room structure with double walls 
with one room measuring three meters by 2.5 meters and the second measuring 
three meters by 2.4 meters. A small one-room structure occurs approxi
mately two meters north of the first and is 3.1 meters by 3.1 meters. A 
dense scatter of cultural material down slope suggests an extended or re
peated seasonal occupation. 

WACA85A45 , a mile further east, consists of two structures near a small 
drainage. Structure A contains two rooms with single and double walls, 
one 3.5 meters by 3.5 meters and one 3.5 meters by 4.5 meters. Structure 
8 is a U-shaped limestone and sandstone pattern roughly 1. 7 meters square, 
opening southwest and facing the drainage. A double wall 53 centimeters 
wide is visible along the north and east sides of the enclosure. Arti
facts are scattered east of both structures. The site is ideally located 
to take advantage of the deep silty soils around it. 

WACA85A109 is a linear structure of two or three masonry rooms on 
the north monument boundary, northeast of the Ranger Cabin (WACA85A107). 
Two well-defined rooms measure 3. 2 meters squared , while the probable rubble 
remains of the third indicate a size of about three meters by five meters. 
A pit house is indicated by an L-shaped alignment of rock to the east. 
About 25 meters southeast is a single large above ground masonry room with 
possible wing walls. Wall segments are missing from this oddly shaped room, 
perhaps owing to scavenging or remodeling. Rock piles to the northeast and 
east indicate other subsurface features. Three additional multiroom sites — 
WACA85A42 (NA 7219) , 50 (Figure 13) (NA 671) , and 134 (Figure 12) (NA 464, 
465, 467)—display unique features. Site 42 has a three meter by four 
meter room, bordered on the south by a smaller, three meter by three meter 
room, and a sketchy addition on the east. No entryways are apparent. A 
shallow depression, eight meters in diameter, south of the structure, indi
cates a pit house. 

WACA85A50 (Figure 13) , located in the same vicinity as sites 42, 45 and 
48, is the rim site closest to Second Fort. It consists of a unit of two 
masonry rooms aligned north/south, with two possible pit houses to the 
east. A wing wall extends southeast of the smaller room of the structure, 
with a possible storage room bordering its west side. Two small U-shaped 
enclosures to the northwest, a pit house in heavy trash to the southeast, 
and a rubble mound to the southwest complete the site plan. Both masonry 
rooms have double walls; one measures approximately seven meters by three 
meters (Room C) and the other measures approximately 3.5 meters by 3.8 
meters (Room D). The possible pit houses apparently open to the southwest 
and southeast, with moderate amounts of trash scattered to the east. There 
are two concentrations of obsidian and chert west of the site. 
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Figure 13. Plan view of multiple structure/multiple room site: 
WACA85A50 (Baldwin and Bremer 1986:124) 
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One of the most unusual large sites is WACA85A134 (NA 464, 465, 467) 
(Figure 12), situated along the west slope of the canyon. The site con
sists of three two-room double-walled units oriented roughly north/south 
and separated by approximately 16 meters. Structure A, the northernmost 
block, is oriented northeast/southwest and contains a partially defined 
4 . 5 meters by 5 . 8 meters room with a rubble pile along the northwest corner. 
Function of the rubble pile is unclear. No apparent entryway was observed. 
Structure B consists of two five meter by three meter contiguous rooms 
with 50 centimeter wide double walls, and a smaller feature along the north 
side of the room block. They are surrounded by the incomplete rubble re
mains of a curved compound wall. The wall is one meter wide. Small "wing 
walls" may trace a patio-like feature surrounding Structure B. Further 
south is Structure C, a roughly square double-walled room with a smaller 
U-shaped enclosure adjoining it on the southeast. A one meter high natural 
terrace separates structures BandC. Wall fall at all structures is less 
than that expected for full height masonry, implying brush walls. 

Another very similar arrangement of masonry outlines with smaller 
associated structures is found at WACA85A142. The site consists of three 
unattached masonry structures with associated features. One structure is 
a small masonry one-room unit. The other two are double outlines which 
may have been more than one room. Several rock piles and alignments are 
associated with the site. 

WACA85A132 (NA 6861) is a marginal inclusion in this category. It 
exhibits few characteristics of habitation sites, other than the presence 
of several rooms. The site is situated on the edge of and overlooking the 
juncture of a small side canyon and Walnut Canyon. Three structures are 
present. A limestone ledge provides the west wall for the most substantial 
structure, which measures slightly larger than three meters by three meters 
and includes a basal course of shaped limestone blocks. The east wall 
has tumbled down slope, but the remaining wall fall suggests a structure 
of full-height masonry. The second structure, five meters up slope to the 
west, looks ephemeral, and is disturbed and poorly defined, yet the south
west wall is a double-coursed wall. The appearance and extent of the 
rubble indicates an earlier structure scavenged to build another, but this 
is not supported by the ceramics. The last structure, located down slope 
to the south on a rocky point, measures approximately two meters by two 
meters. The sparsity of trash at the site suggests a limited occupation, 
yet its location and visibility, plus easy access into the canyon, argue 
for a more specialized function. It also is the only site on which agave 
was growing. 

Site WACA85A96 was excavated in the 1950s by Sallie Van Valkenburg 
(1958). It is a low lying series of three masonry rooms. She found very 
few artifacts suggesting that the site was used for temporary shelter or 
storage and may have been a seasonally utilized camp. 

WACA85A87 is an altogether different site in that, from surface evi
dence, it appears to be a multiple-structure site occupied over a long 
span of time. It consists of, at least, two pit house depressions and a 
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Figure 14. Plan view of multiple structure/multiple room site: 
Fourth Fort, WACA85A10 (Baldwin and Bremer 1986:116) 
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large pit house, j acal or shallow multiple roomed structure. The pit house 
outlines are approximately four meters in diameter. The large multiple 
roomed surface unit is very vaguely defined but obviously architectural. 
It may have acted as the foundation forajacal superstructure. The site 
is unusual in that it contains the only evidence of pre-Padre or Elden 
phase pit houses recorded on the monument. The surface of the site and 
the associated artifact scatter is unlike that of sites with later masonry 
lined pit houses, such as WACA85A90. 

Fourth Fort (WACA85A10, NA 335, 336 , AZ 1:14 : 4b) (Figure 14) occupies 
the finger ridge west/northwest of Third Fort Island. And while it is 
called a fort, the site is a cluster of five single, aboveground, dry-laid 
masonry structures and one limestone, masonry lined pit house. The site 
plan differs from that of other forts, and is physically similar to other 
multiple structure sites. However, its location makes it unique. 

Defensive Sites 

Possibly the most unusual archaeological features at Walnut Canyon 
are the "forts," situated atop ridges extending out from both rims. Fifth 
Fort, upstream (west) 0.25 mile, and First Fort, 3.5 miles downstream 
(Figure 15), lie outside the monument boundary and were not recorded during 
the survey. Their presence along the creek is important for understanding 
settlement patterns and land use, however, and they will be included in 
later discussion. 

Second Fort (WACA85A235, NA 393) (Figure 16), approached from the 
north rim via a narrow rocky saddle, occupies a small triangular island 
near the southeast boundary of the monument. Additional boulder rooms 
(WACA85A169, 236, 237, 238) skirt the promontory to the east and west be
neath a pronounced limestone ledge. Two other sites, sheltering more than 
15 rooms, are located on a lower limestone ledge. 

Most of the rooms border the southeast side of the island, with only 
one poorly defined limestone rubble room on top. The four contiguous rooms 
measure approximately four meters by five meters, with a present wall height 
of 0.5 meters. They contain few artifacts or architectural clues as to 
function. Walls are of unshaped or partially shaped dry-laid limestone 
block. Ten to 15 feet below the room is a wall curving around the south
east part of the point. Its best preserved portion is 1.5 meters high by 
0.7 meters thick. Thirty feet below this wall segment is another poorly 
preserved wall and a possible trail to the canyon bottom. 

Defensive walls run the length of the connecting saddle. These con
tain several enormous, shaped limestone blocks quarried from the surrounding 
area. The west wall, the best preserved, measures 36 meters long by 2.5 
meters high by one meter thick. Third Fort (WACA85A202) (Figure 17) is 
encircled by the "Island Trail" southeast of the monument headquarters. 
Several single rooms, rooms with wing walls, and a rubble feature are as
sociated with a walled compound on top of the island, above the eight cliff 
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M A P NO. 8-

FIRST FORT IN WALNUT CANYON. 

Figure 15. Plan view of a defensive site: First Fort. 
(Colton 1932) 
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Figure 16. Plan view of a defensive site: Second Fort, WACA85A235. 
Baldwin and Bremer 1986:111) 
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Figure 17. Plan view of a defensive site: Third or Island Fort, 
WACA85A202 (Baldwin and Bremer 1986:113). 



sites that are reached by the asphalt trail. Masonry is dry-laid and less 
than 0.5 meters high. 

Most of the wall, constructed of blocks, slabs and cobbles, has 
tumbled down slope. Although the wall does not surround the entire is
land, it has been built in areas of easy access, suggesting a defensive 
purpose. 

The Fourth Fort wall (WACA85A11: AZ 1:14:4a) 150 meters south of the 
site extends 20 meters across the ridge. It follows the contour of the 
promontory, and the east end is approximately five meters lower than the 
west end. The wall measures one meter high by one meter wide and has a 
possible entryway six meters from the west end. The large (70 centimeters 
by 40 centimeters by 50 centimeters) foundation blocks, with smaller (50 
centimeters by 50 centimeters by 40 centimeters) rocks on top, are reminis
cent of those in the Second Fort Wall. The wall apparently functioned as 
a means of restricting access to Fourth Fort. 

Canyon Sites 

All sites in the canyon were assumed to date to the Elden phase, based 
on datable ceramics at some sites, on minor excavations, and on traditional 
assumptions about late period settlements. If evidence from earlier occu
pations exists, it lies buried beneath more recent surfaces or remains 
hidden under talus slopes. 

Fifty-seven percent of the canyon was surveyed and 87 canyon sites 
were documented, representing 100 structures and approximately 299 rooms. 
The sites were provisionally divided into two categories distinguished be
tween habitation sites and limited activity sites. This was based, as on 
the rim, on the degree of permanence exhibited. For the canyon sites it 
was easier to determine this because of the difference between prepared 
masonry walls and temporary shelter rubble. 

Thirty-one sites were considered of a temporary nature. Most con
sisted of a single structure and an ephemeral room (18) . Three others had 
evidence of two rooms which were not connected to each other but were 
sufficiently close to be recorded as a single site. Ten of the sites had 
two structures with one room each. In almost all of these cases the 
masonry was poorly shaped and piled. No features were associated with the 
sites and no mortar was noted. 

By far the greatest number of structures in the canyon were classed 
as habitation sites (56) . These varied tremendously and were grouped by 
number of rooms and structures into five categories: 

1) Two to four contiguous rooms = 25 
2) Five to 10 contiguous rooms = 15 
3) Eleven or more contiguous rooms = 3 
4) Two or more single rooms = 1 
5) Multiple structures/multiple rooms = 8 
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A typical habitation cliff dwelling (Figure 18) consisted of two to 
four contiguous , mortared masonry rooms , usually on one of two main ledges. 
Wall height, usually inferred from overhang height since few walls retained 
their original stature, varied from less than one meter to approximately 
2.7 meters. Walls had both single- and double-coursed construction and 
averaged about 70 centimeters thick. The survey data were not analyzed 
to determine if wall thickness was related to structure type, nor was the 
presence of fire-blackened walls investigated to prove whether fire pits 
were found only in the large (habitation) cliff dwellings. 

Room interiors varied from three meters to six meters across, oc
casionally exceeding seven meters on one side. Doorways between interior 
rooms were narrow and straight-sided, but exterior entryways displayed a 
modified T-shape. They often had wood beams inserted as lintels during 
stabilization. Small ventilator holes penetrated the walls at floor or 
ceiling. A thin mud plaster, blackened by soot, was visible on most of 
the interior walls of the larger series of rooms. Open rooms on the ends 
of a bank of rooms characteristically showed little or no smoke blacken
ing. This suggested their use as storage enclosures or as outside work 
areas. 

Several sites had retaining walls along the slope contour slightly 
below the cliff dwelling. These walls may represent early historic efforts 
to maintain footpaths past the sites. Some may be artificial terraces 
built by the prehistoric inhabitants to extend the area in front of the 
room and to prevent premature erosion of their structures. Although canyon 
survey was incomplete, preliminary findings indicated that canyon sites 
clustered around Third Fort, to a lesser degree around Second Fort, and 
along the west canyon slope south of Ranger Canyon. These areas offered 
more spacious overhangs and ledges, and were also the slopes that received 
direct morning or afternoon light. Perhaps both of these factors, or a 
combination of these and north rim settlement patterns, were responsible 
for site clustering. The nature of the clustering formed the basis for 
the analysis described below. The completion of the survey in 1987 did 
not discover any significant sites in the canyon which would change the 
basic intent of this statement. 

Minimal Spanning Tree Analysis of Site Distribution 

The 1985 survey report speculated that the majority of sites were 
occupied during a short but significant period of time between A.D. 1066 
and 1300. Also, smaller sites tended to cluster around specific large 
sites in certain environmental zones. 

After the survey, the data supported a conclusion that limited activity 
(field houses) sites were organized around multiple activity (habitations) 
sites. But there was no quantified evidence for such a conclusion. This 
prompted the use of the minimal spanning tree method to objectify the 
analysis of settlement patterns at Walnut Canyon. Because they were assumed 
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Figure 18. Plan view of a canyon habitation site: WACA85A226 
(Baldwin and Bremer 1986:118) 
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to have been the foci for much of the land use around Walnut Canyon the 
analysis concentrated on differences between field houses and habitations. 
Generally field houses were assumed to be represented by low density arti
fact scatters associated with ephemeral or low masonry structures of one 
or two rooms. Habitations generally had more varied and higher density 
artifact scatters, and an assortment of structures including substantial 
masonry units and pit houses. Differences in ceramic assemblages between 
sites suggested a low density, early occupation and a later, rapid and 
dense, organized occupation of the canyon and rim tops. This led to con
clusions that the sequence of settlement was in some way related to changing 
patterns of land use and settlement. 

The tendency appears to have been towards an increasingly aggregated 
community structure in which areas were organized into distinct hamlets 
or villages with a core and outlying support structure consisting of agri
cultural systems, trade routes, defensive or outpost facilities and outlying 
smaller family habitations or farmsteads. Walnut Canyon, on the surface, 
displayed characteristics which supported this statement. While the pat
tern was suggested by glancing at the data, it was decided that a stronger 
method was needed for verification. 

On the rim an assortment of sites were labeled as habitations. The 
most common habitation consisted of several structures including large 
masonry rooms and subterranean structures. From surface evidence it was 
difficult to discern the structural outline and functional character of 
many structures on sites. Less common were full height masonry structures 
with three to four rooms. The two best examples were located close to
gether at the east end of the rim trail and appeared to be associated with 
the sites around Third Fort. Both had extensive artifact scatters and 
could be called small pueblos. 

There was also some indication of reconstruction of habitation struc
tures on sites. At these sites the structures were very similar and some
times overlapped, suggesting successive construction sequences. In many 
cases the surface evidence did not give an accurate picture of what was 
below the surface, although structural outlines were obvious. 

The most obvious structures at Walnut Canyon -were the cliff dwellings. 
By far the greatest concentration of structures and the greatest aggre
gate of sites was near the current Park Service Visitor Center on the rim 
above Third Fort. Also, some of the largest habitation sites, in terms 
of number of rooms, occurred in the canyon near Third Fort. 

The greatest variability in structures occurred between types of field 
houses. Many field houses resembled structures previously called habita
tions but were associated with extensive field systems and contained few 
artifacts. By far the most common form of field house was the U-shaped 
single room structure with varying amounts of masonry. They were remarkably 
uniform in their shape and in the direction their doorways faced. They 
occurred on both the north and south rims, with the largest number associated 
with habitation sites during later periods on the north rim. This form of 
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field house represented the most typical form of limited activity agri
cultural structure in the Walnut Canyon area, because many habitation sites 
had the same type associated with them. 

Because of the architectural variability the distribution of these 
different types across the landscape was of primary interest. One way of 
exploring the possibility of changing patterns of settlement and land use 
was by observing changes in spatial information through time and between 
the specific site types as described above. 

The analysis concentrated on three time periods which corresponded 
to the pre-eruptive period (A.D. 700-1066) , an early post-eruptive period 
from A.D. 1066 to 1150 and a late post-eruptive period from A.D. 1150 to 
1300. 

The method used for the analysis has been previously described as 
the Minimal Spanning Tree Cluster Method (Zahn 1971; Page 1974) . Basically, 
the method sorted the distances between all points, in this case site lo
cations, and clustered them according to the shortest distance between 
adjacent edges, and a specified number of standard deviations away from 
the mean for all edges within a cluster. In this way distances between 
sites, greater than the specified number of deviations and a factor of 
distance were considered to be inconsistent and were eliminated from that 
portion of the analysis. The end result was a linked diagram of points 
connected by their shortest distances to their nearest neighbors. Page 
(1974) cites as motivation for using the method evidence that "... it is 
related to human perception of dot pictures in two dimensions." An added 
attraction of the algorithm used for this analysis was that the final re
sult was a clustering of the points, based upon all sites that fell within 
a certain distance and number of standard deviations of their neighbors. 

The first concern in the analysis was making sense of the pattern of 
dots shown on the site distribution map for the project (Figure 19). There 
were patterns or clusters in the distribution of points on the map but 
little real meaning was imparted. 

To make sense of the data they were divided into significant categories. 
The most obvious approach was to divide the sites among the three temporal 
categories. By doing this the confusion inherent in the overall map was 
reduced (Figure 20). As well, use of the three temporal categories was 
based on an assumption that all sites associated with the three time periods 
were occupied contemporaneously. This assumption became necessary in order 
to make statements regarding interaction between sites during specific 
time periods. Needless to say, such was most likely not the case given 
the continual abandonment and reuse of sites and structures by sedentary 
agriculturalists. However, short of making the assumption, the only way 
to address the question of contemporaneity would be through large scale 
excavation of the sites in the monument. 
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Figure 19. Sites recorded during the 1985 Walnut Canyon Survey. 



Figure 20. Pre-eruptive period, all sites, A.D. 700-1066. 



Summary of the Minimal Spanning Tree Results 
And Analysis of Site Clustering by Time 
Period and Environmental Context 

After application of the Minimal Spanning Tree method, the data took 
on some semblance of order and permitted some interpretation (Figure 21). 
Cursory observation suggests no definitive clustering during the pre-erup-
tive period. 

Although the data were forced into clusters by the method, the sites 
appeared to be evenly distributed across the study area. The only exception 
to this was a tight cluster of sites across from Second Fort and above 
Cherry Canyon. This supported an inference that pre-eruptive settlement 
in Walnut Canyon tended to be highly dispersed and not oriented around 
core features. 

Further support was given when the data were further segregated by 
site type. The wide or sparse distribution of habitations (Figure 22) and 
the haphazard arrangement of field houses (Figure 23) were evidence of 
this. Pre-eruptively the pattern appeared to be one of widely distributed 
sites, predominantly field house or limited activity structures. Habita
tions were generally difficult to identify. There did not appear to be any 
significant relationship between habitations and field houses. One ex
planation for this may be that site variability and depositional processes 
obscured the true nature of sites. 

In areas occupied during the pre-eruptive period (Figure 21) the 
settlements were very sparsely scattered across the monument. Sometime 
after A.D. 1066 there was an explosive expansion of the pattern between 
the pre-eruptive period and the beginning of the post-eruptive period 
(Figure 24). There is some indication of a hiatus in occupation during 
the Rio de Flag phase lasting until the beginning of the Padre phase. 
It would appear that earlier populations abandoned the area, and that 
later, toward the beginning of the post-eruptive period, populations re-
occupied the area. These occupants clustered around central places within 
the canyon, which in some instances corresponded to areas previously oc
cupied. This pattern of settlement came about very quickly and apparently 
had no local antecedent at Walnut Canyon other than that sites occur in 
similar locations. There is some indication that it resulted from major 
pan-southwestern changes influencing local Flagstaff population growth. 
Also, there was some evidence that environmental change, concomitant with 
this period, may have affected local populations by opening up an additional 
niche suitable for agriculture. Occurring with this were significant 
changes in the technology related to agriculture, which would have enabled 
prehistoric populations to occupy the area. 

Habitation (Figure 25) during the period appeared to be evenly distri
buted between the rimtops and the canyons. The distribution of field houses 
(Figure 26) showed that an organized system of agriculture existed, assumed 
to have supported the habitation sites previously shown. 

80 



00 

Figure 21. Pre-eruptive period, all sites, A.D. 700-1066, after Minimal 
Spanning Tree application. 
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Figure 22. Pre-eruptive period, habitations, A.D. 700-1066, after Minimal 
Spanning Tree application. 
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Figure 23. Pre-eruptive period, field houses, A.D. 700-1066, after Minimal 
Spanning Tree application. 



Figure 24. Early post-eruptive period, all sites, A.D. 1066-1150, 
after Minimal Spanning Tree application. 
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Figure 25. Early post-eruptive period, habitations, A.D. 1066-1150, 
after Minimal Spanning Tree application. 
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Figure 26. Early post-eruptive period, field houses, A.D. 1066-1150, after 
Minimal Spanning Tree application. 



The late post-eruptive period (Figure 27) showed more of the same 
thing, (Figure 24) with significant population expansion having occurred, 
especially in the canyon. Most noticeable was the occurrence of large 
habitation sites (Figure 28) on the rim and the occupation and construction 
of large, apparently defensive, sites on island prominences in the canyon 
at Second and Third Forts. 

Field houses (Figure 29) associated with the latest period continued 
a pattern started during the previous period (Figure 26). There appear to 
be chains of field houses supporting habitations which expanded beyond the 
previous period's limits into new areas as if there was a conscious attempt 
at opening larger areas for agriculture. 

After A.D. 1300 there was an apparent wholesale abandonment of the 
area to larger sites on Anderson Mesa and other areas. The method shows 
that there were significant changes in the settlement patterns at Walnut 
Canyon, especially regarding the distribution of agricultural systems. 

Site Distribution and Land Use 

The above analysis reveals little about the nature of land use on the 
monument. The frequencies for each of the Terrestrial Ecosystem units 
shed more light on the distribution of sites across certain environmental 
zones (Table 5). The most obvious conclusion from the table is that the 
majority of sites occurred in the drier and lower Finyon-Juniper woodland. 
This might also have been a function of the growing season in those environ
mental units. 

The following presents an evaluation of the distribution of field house 
and habitation sites across time with respect to their distribution across 
the various environmental zones. In effect, it merges the results of the 
Minimal Spanning Tree maps with the results presented in Table 5. The 
organization of the section is primarily by time. The interpretation of 
what these results mean and their implications for changing patterns of 
land use follows in Chapter 6. The analysis was conducted by overlaying 
the Terrestrial Ecosystem map (Figure 3) over the minimal spanning tree 
maps and then counting the number of sites in each TES unit for each MST 
cluster as shown on the maps. The acreage figures are not meant to be 
exact counts of the number of acres used prehistorically but are meant to 
give a relative indication of the amount of each TES type associated with 
certain kinds of sites. 

The analysis is presented by the primary time divisions and is then 
evaluated by habitation versus field house categories. Three tables were 
compiled for each period. The first was based on the MST maps for all 
sites recorded from a time period. The second and third tables were com
piled for habitations and field houses, respectively. The environmental 
units used were based on TES categories but consisted of collapsed environ
mental zones because many of the TES units, of similar vegetation type, 
differed primarily on the degree of slope associated with each unit (Ta hie 
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Figure 27. Late post-eruptive period, all sites, A.D. 1150-1300, after 
Minimal Spanning Tree application. 
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Figure 28. Late post-eruptive period, habitations, A.D. 1150-1300, after 
Minimal Spanning Tree application. 
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Figure 29. Late post-eruptive period, field houses, A.D. 1150-1300, after 
Minimal Spanning Tree application. 



Unit Number 

3 

250 

445 

447 

454 

455 

460 

470 

Acres 

380 

26 

58 

594 

29 

104 

372 

202 

Unit Description 

Pinyon-Juniper 
Woodland 

Pinyon-Juniper 
Woodland 

Ponderosa Pine 
Oak Woodland 

Transitional Pinyon-
Juniper/Ponderosa 
Woodland 

Transitional Pinyon-
Juniper/Ponderosa 
Woodland 

Transitional Pinyon-
Juniper/Ponderosa 
Woodland 

Pinyon-Juniper 
Woodland 

Douglas Fir-
Ponderosa Pine 
Woodland 

Number of Sites 

55 

6 

7 

66 

6 

1 

79 

15 

6). The more detailed descriptions for each of the TES types are available 
in Table 1. Acreage and site total discrepancies between the tables are 
artifacts of the grossness of the overlays but the overall shape and size 
of clusters, and the distribution of sites remains the same. 

In the following chapter, characteristics of these composites are 
assumed to have some effect on the potential to cultivate. These variables 
include relative effective moisture, soil fertility, aspect and slope. 
It is not expected that the prehistoric environment was similar to the 
present. Rather, the current environmental conditions are surrogate mea
sures or models of relative conditions for sections. This means that 
elevation, relative moisture, aspect and other variables would have been 
different in relatively the same way between composites, on a gross level, 
and accounting for micro-environmental conditions. In other words, environ
mental change in one composite would have led to concomitant and equal 
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TABLE 5 

Distribution of Sites Across 
Terrestrial Ecosystem Units 



change in another. The listing of composites are organized in descending 
order from the warmest and driest composite to that of the coldest and 
wettest. These descriptions are important because settlement in each of 
these would be affected by environmental conditions. In the tables the 
"Sites Per Acre" column (Number of Sites/Number of Acres) is a measure of 
the relative site density within a composite, within a cluster, accounting 
for the fact that the acreage figures are somewhat arbitrary. 

Pre-eruptive Period - A.D. 700-1066 

Sixteen sites are shown on the map for the pre-eruptive period between 
A.D. 700 and 1066. The data formed four clusters of which only two consisted 
of multiple sites. Clusters 1 and 4 consisted of only one site each. The 
distribution of sites within clusters across environmental composites is 
shown in Tables 7, 8 and 9. For all intents and purposes the clusters 
can be collapsed into west (Clusters 1 and 2) and east (Clusters 3 and 4). 
When this is done the majority of sites (n=ll) occur in a Pinyon-Juniper 
environment while about half as many occur in the Pinyon-Juniper-Ponderosa 
transitional zone. The sites are spread between clusters 1, 2 and 3 with a 
tight concentration on the south rim across from Second Fort. The site den
sity differs between clusters but is concentrated in Pinyon-Juniper Woodland 
with a higher density in Pinyon-Juniper-Ponderosa in Cluster 1 to the west. 
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TES Unit 

3 
250 
460 

447 
454 
455 
803 

445 

470 
471 

Characteristics 

Warmer, Drier 
Longer frost free period 
with good soil fertility 

Warm, Moderately 
Dry, Moderate frost 
free period with 
good soil fertility 

Cooler, Wetter, 
Shorter frost free period 
with good soil fertility 

Coldest, Wettest, Shortest 
frost free period with 
shallow soils 

Composite Title 

Pinyon-Juniper 
Woodland 

Pinyon-Juniper/ 
Ponderosa 
Transitional 
Woodland 

Ponderosa/Oak 
Woodland 

White Fir/ 
Douglas Fir 
Woodland 

TABLE 6 

Composite Terrestrial Ecosystem Unit Descriptions 



TABLE 7 

Pre-eruptive Period Sites, Clusters and the 
Number of Sites and Acres in Each Cluster 

By Environmental Composite 

Cluster 
Number 

1 

2 

3 

4 

Total: 

Number 
of 

Sites 

1 
0 
4 
5 
5 
(J 
1 
0 

16 

Environmental 
Composite 

P-J-Ponderosa 
Ponderosa-Oak 
P-J-Ponderosa 
P-J Woodland 
P-J Woodland 
P-J-Ponderosa 
P-J Woodland 
Fir 

Number 
of 

Acres 

7 
3 

83 
132 
14 

4 
8 
2 

253 

Sites 
Per 
Acre 

0.140 
0.000 
0.048 
0.038 
0.357 
0.000 
0.125 
0.000 

0.063 

Environmental 
Composite 

P-J Woodland 
P-J-Ponderosa 
Ponderosa-Oak 
Fir 

Site 

11 
5 
0 
0 

Acres 

154 
94 
3 
2 

Density 

0.071 
0.053 
0.000 
0.000 

The overall relationship does not change when the clusters for habi
tations versus field houses are examined. The only differences are that 
pre-eruptive habitations occur more densely in the Pinyon-Juniper-Ponderosa 
type and field houses occur in the warmer, dryer Pinyon-Juniper Woodland. 
It is inferred that early habitations were located at cooler and higher 
elevations while field houses occurred in warmer, dryer environments with 
longer frost free periods. The general pattern of the distributions of 
habitations and field houses during the pre-eruptive period suggests a 
low density occupation throughout the area with a differential settlement 
pattern across the environment between multiple and limited activity sites. 
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TABLE 8 

Pre-eruptive Period Habitation Sites, Clusters and the 
Number of Sites and Acres in Each Cluster 

By Environmental Composite 

Cluster 
Number 

1 

Total: 

Number 
of 

Sites 

1 
1 
0 
0 

2 

Environmental 
Composite 

P-J Woodland 
P-J-Ponderosa 
Ponderosa-Oak 
Fir 

Number 
of 

Acres 

36 
17 
5 
4 

62 

Sites 
Per 
Acre 

0.027 
0.058 
0.000 
0.000 

0.032 

The Early Post-eruptive Period: A.D. 1066-1150 

During the period there appear to be two centers of habitation focused 
around Second Fort and Third Fort. The calculations of site location with 
reference to cluster and environmental composite (Tables 10, 11 and 12) 
reveal several patterns in settlement. Settlement is evenly distributed 
across all environmental types for all sites. 

The most noticeable difference between the pre-eruptive and post-
eruptive periods is the significant increase in the number of sites. The 
site density within the clusters has increased more than two-fold from 0.063 
to 0.138. If Pilles (1979) is correct, this may be an actual increase in 
the number of field structures during the period. The densities for habi
tations compared to field houses suggests that the opposite occurred at 
Walnut Canyon. There appears to be a drop from a field house density of 
0.262 sites per acre to 0.149 sites per acre from the pre-eruptive to the 
post-eruptive period. Because of the time span and different settlement 
organization this may be an unfair comparison. 

Differences in agricultural technology, such as more efficient field 
systems; and the intensive occupation of Walnut Canyon's cliff ledges, may 
be contributing to this reversed proportion, previously computed for the 
Flagstaff area. The number of arable acres associated with field houses 
still has increased during this period and indicates an intensification of 
agricultural practices after the eruption of Sunset Crater. 

The perception of even distribution across all environments changes 
upon examination of the tables for habitations and field house sites (Tables 
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Cluster 
Number 

1 

2 

Totals: 

Number 
of 

Sites 

2 
3 
0 
4 
0 
0 

9 

Environmental 
Composite 

P-J Woodland 
P-J-Ponderosa 
Fir 
P-J Woodland 
P-J-Ponderosa 
Fir 

Number 
of 

Acres 

134 
67 
4 
16 
4 
2 

227 

Sites 
Per 
Acre 

0.014 
0.044 
0.000 
0.250 
0.000 
0.000 

0.260 

Environmental 
Composite 

P-J Woodland 
P-J-Ponderosa 
Fir 

Site 

6 
3 
0 

Acres 

150 
71 
6 

Density 

0.040 
0.042 
0.000 

11 and 12). Field houses are evenly distributed across the environmental 
composites but habitations appear to concentrate in the warmer Pinyon-
Juniper and Ponderosa mixed environmental zones. Habitation at this time 
is concentrated primarily in the Pinyon-Juniper Woodland associated with 
Second Fort and the cavate dwellings in the canyon. There is an enclave 
of habitation near Second Fort in the Pinyon-Juniper Woodland. 

In terms of the field house calculations one of the more surprising 
figures is the relatively high value of 0.179 sites per acre in the Pon-
derosa-Oak composite. This may be related to the increased moisture as
sociated with this composite. Also, the sites responsible for the high 
value occur in Cluster 2, which has the largest pocket of oak in the monu
ment as well as being the drainage catchment for Ranger Canyon. This is 
significant because Ranger Canyon has the greatest number of prehistoric 
agricultural features recorded in the area. The value for Pinyon-Juniper-
Ponderosa use reflects a new use of areas on the south rim not used pre
emptively. 

The field house distribution is concentrated around the habitation 

95 

TABLE 9 

Pre-eruptive Period Field House Sites, Clusters and the 
Number of Sites and Acres in Each Cluster 

By Environmental Composite 

Totals For Environmental Composites: 



TABLE 10 

Early Post-Eruptive Period Sites, Clusters and the 
Number of Sites and Acres in Each Cluster 

By Environmental Composite 

Cluster 
Number 

1 
2 
3 

4 

5 
6 
7 

8 

9 
10 

Totals 

Number 
of 

Sites 

5 
1 

41 
33 
5 
8 
1 
0 
2 
3 
2 
1 

24 
0 
0 
1 
1 

128 

Environmental 
Composite 

P-J Woodland 
P-J Woodland 
P-J Woodland 
P-J Ponderosa 
Ponderosa-Oak 
Fir 
P-J Woodland 
Fir 
P-J-Ponderosa 
P-J-Ponderosa 
P-J-Ponderosa 
Fir 
P-J Woodland 
P-J-Ponderosa 
Fir 
P-J Woodland 
P-J-Ponderosa 

Number 
of 

acres 

16 
4 

225 
184 
27 
14 
3 
2 
17 
13 
13 
8 

260 
46 
24 
8 
5 

869 

Sites 
Per 
Acre 

0.313 
0.250 
0.182 
0.179 
0.185 
0.571 
0.333 
0.000 
0.117 
0.231 
0.154 
0.125 
0.092 
0.000 
0.000 
0.125 
0.200 

0.147 

cluster to the west but is more dispersed in the east. Clusters 7 and 8, 
primarily in the Pinyon-Juniper-Ponderosa transitional zone, may be as
sociated with the habitation cluster at Third Fort. This may represent a 
branching out into previously unproductive zones. They may also be as
sociated with other habitation sites outside the monument boundary to the 
south. The field house clusters to the east (Clusters 6, 9 and 10) may be 
associated with the initial habitation around Second Fort. The relation-
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Totals for Environmental Composites: 

Environmental 
Composite 

P-J Woodland 
P-J-Ponderosa 
Ponderosa-Oak 
Fir 

Site 

73 
41 
5 
9 

Acres 

516 
278 
27 
48 

Density 

0.141 
0.147 
0.185 
0.1888 



TABLE 11 

Early Post-Eruptive Period Habitation Sites, Clusters and the 
Number of Sites and Acres in Each Cluster 

By Environmental Composite 

Cluster 
Number 

1 

2 

3 

Totals: 

Number 
of 

Sites 

25 
2 
0 
6 
1 
1 
3 
0 

38 

Environmental 
Composite 

P-J Woodland 
P-J-Ponderosa 
Ponderosa-Oak 
Fir 
P-J Woodland 
Fir 
P-J Woodland 
Fir 

Number 

of 
Acres 

143 
61 
20 
40 
3 
3 
16 
2 

288 

Sites 
Per 
Acre 

0.175 
0.032 
0.000 
0.275 
0.333 
0.333 
0.188 
0.000 

0.149 

Totals for Environmental Composites: 

Environmental 
Composite 

P-J Woodland 
P-J-Ponderosa 
Ponderosa-Oak 
Fir 

Site 

29 
2 
0 
7 

Acres 

162 
61 
20 
45 

Density 

0.179 
0.033 
0.000 
0.155 

ship of Cluster 6 to Cluster 7 suggests the possibility of another habi
tation cluster between them outside the monument boundary. 

The period shows a new pattern of land use beyond that of the pre-
eruptive period. The small sample of sites from the pre-eruptive period 
may not be an adequate basis for explanation. But the few sites do suggest 
that earlier use of Walnut Canyon focused on the Pinyon-Juniper Woodland 
composites while the expanding local population of the early post-eruptive 
period concentrated its resource acquisition activities on previously un
used environments in the Pinyon-Juniper-Ponderosa-Oak zones. It also is 
the first period of use of the canyon ledges for habitation as reflected 
in the high value of site density in the Fir composite. 
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TABLE 12 

Early Post-Eruptive Period Field House Sites, Clusters and the 
Number of Sites and Acres in Each Cluster 

By Environmental Composite 

Cluster 
Number 

1 
2 

3 

4 

5 

6 

7 

8 

9 
10 

11 

Totals: 

Number 
of 

Sites 

5 
12 
5 
1 
2 
0 
2 

10 
3 
0 
2 
3 
6 
1 
2 
1 

10 
4 
1 
1 

71 

Environmental 
Composite 

P-J-Ponderosa 
P-J-Ponderosa 
Ponderosa-Oak 
P-J Woodland 
P-J-Ponderosa 
Ponderosa-Oak 
P-J Woodland 
P-J Ponderosa 
P-J Woodland 
P-J-Ponderosa 
P-J Woodland 
P-J-Ponderosa 
P-J-Ponderosa 
Fir 
P-J-Ponderosa 
Fir 
P-J Woodland 
P-J Woodland 
P-J Ponderosa 
P-J Woodland 

Number 
of 

Acres 

15 
64 
25 
4 
6 
3 
12 
62 
9 
1 

29 
16 
71 
4 
17 
8 
70 
26 
32 
2 

476 

Sites 
Per 
Acre 

0.333 
0.188 
0.200 
0.250 
0.333 
0.000 
0.167 
0.161 
0.333 
0.000 
0.069 
0.188 
0.085 
0.250 
0.118 
0.125 
0.143 
0.154 
0.031 
0.500 

0.149 

Totals for Environmental Composites: 

Environmental 
Composite 

P-J Woodland 
P-J-Ponderosa 
Ponderosa-Oak 
Fir 

Site 

23 
41 
5 
2 

Acres 

152 
284 
28 
12 

Density 

0.151 
0.144 
0.179 
0.166 

Late Post-Eruptive Period: A.P. 1150-1300 

This period witnesses expansion and continuing development of the 
settlement system in place from the previous period. The post-eruptive 
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TABLE 13 

Late Post-Eruptive Period Sites, Clusters and the 
Number of Sites and Acres in Each Cluster 

By Environmental Composite 

Cluster 
Number 

1 
2 
3 
4 
5 
6 

7 

8 
9 

10 
11 

12 

13 
14 

15 
16 

17 

Totals: 

Number 
of 

Sites 

4 
5 
1 
3 
3 
1 
5 
60 
18 
6 
3 
1 
1 
1 
1 
3 
2 
1 
0 
2 

35 
0 
1 
4 
0 
0 
1 

172 

Environmental 
Composite 

P-J Woodland 
P-J Woodland 
P-J Woodland 
P-J Woodland 
P-J Woodland 
P-J Woodland 
P-J-Ponderosa 
P-J Woodland 
P-J-Ponderosa 
Ponderosa-Oak 
Fir 
P-J Woodland 
P-J Woodland 
Fir 
P-J-Ponderosa 
P-J-Ponderosa 
Fir 
P-J-Ponderosa 
Fir 
P-J-Ponderosa 
P-J Woodland 
P-J-Ponderosa 
P-J Woodland 
P-J Woodland 
P-J-Ponderosa 
Fir 
P-J-Ponderosa 

Number 
of 

Acres 

11 
12 
2 
6 
10 
9 
12 

179 
88 
37 
68 
4 
5 
6 
4 
23 
7 
2 
2 
9 

238 
10 
4 
24 
9 
5 
5 

794 

Sites 
Per 
Acre 

0.364 
0.417 
0.500 
0.500 
0.300 
0.111 
0.417 
0.335 
0.205 
0.162 
0.191 
0.250 
0.200 
0.167 
0.250 
0.130 
0.286 
0.500 
0.000 
0.222 
0.147 
0.000 
0.250 
0.167 
0.000 
0.000 
0.200 

0.217 

Environmental 
Composite 

P-J Woodland 
P-J-Ponderosa 
Ponderosa-Oak 
Fir 

Site 

119 
31 
6 
16 

Acres 

266 
162 
37 
88 

Density 

0.447 
0.191 
0.162 
0.182 
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TABLE 14 

Late Post-Eruptive Period Habitation Sites, Clusters and the 
Number of Sites and Acres in Each Cluster 

By Environmental Composite 

Cluster 
Number 

1 

2 

3 
4 
5 

6 
7 

Totals: 

Number 
of 

Sites 

J2 
2 
2 
1 

26 
1 
7 
1 
1 
8 
0 
3 
] 

65 

Environmental 
Composite 

P-J Woodland 
P-J-Ponderosa 
Ponderosa-Oak 
Fir 
P-J Woodland 
P-J-Ponderosa 
Fir 
P-J-Ponderosa 
P-J Woodland 
P-J Woodland 
P-J-Ponderosa 
P-J Woodland 
P-J Woodland 

Number 
of 

Acres 

37 
54 
42 
2 
78 
4 

34 
4 
2 

100 
43 
5 
3 

406 

Sites 
Per 
Acre 

0.324 
0.037 
0.048 
0.500 
0.333 
0.250 
0.206 
0.250 
0.500 
0.080 
0.000 
0.600 
0.333 

0.160 

Totals for Environmental Composites: 

Environmental 
Composite 

P-J Woodland 
P-J-Ponderosa 
Ponderosa-Oak 
Fir 

Site 

51 
4 
2 
8 

Acres 

223 
105 
42 
36 

Density 

0.229 
0.038 
0.048 
0.222 

changes initiated become even more complex as the occupants of Walnut Can
yon continue to live, work and farm in the area. Major differences between 
the early and post-eruptive periods have to do primarily with growth within 
the existing agricultural system (Tables 13, 14 and 15). Also, there is 
a noticeable increase in the use of the pinyon-juniper zone. This is ac
counted for by the rise in use of the area for habitation (Table 14). This 
results from habitation of the area adjacent to Second Fort on the North 
Rim which was not inhabited during the previous period. The clusters verify 
the construction of habitations in the area during the Late Post-Eruptive 
period. Most noticeable is the increase in the use of field houses in the 
Pinyon-Juniper Woodland and in the Pinyon-Juniper-Ponderosa composites. 
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TABLE 15 

Late Post-Eruptive Period Field House Sites, Clusters and 
the Number of Sites and Acres in Each Cluster 

By Environmental Composite 

Cluster 
Number 

1 
2 

3 

4 

5 
6 

7 

8 
9 

10 

Totals: 

Number 
of 

Sites 

5 
4 
8 

15 
5 
1 
3 
0 
3 
5 
4 
14 
2 
16 
1 
4 
1 

91 

Environmental 
Composite 

P-J-Ponderosa 
P-J Woodland 
P-J-Ponderosa 
P-J-Ponderosa 
Ponderosa-Oak 
P-J Woodland 
P-J-Ponderosa 
Ponderosa-Oak 
P-J Woodland 
P-J Woodland 
P-J-Ponderosa 
P-J-Ponderosa 
Fir 
P-J Woodland 
P-J-Ponderosa 
P-J Woodland 
P-J-Ponderosa 

Number 
of 

Acres 

10 
13 
47 
49 
17 
2 
7 
2 
9 
45 
16 

195 
29 
96 
3 

22 
31 

593 

Sites 
Per 
Acre 

0.500 
0.308 
0.170 
0.306 
0.294 
0.500 
0.429 
0.000 
0.333 
0.111 
0.250 
0.078 
0.069 
0.167 
0.333 
0.182 
0.032 

0.153 

Totals for Environmental Composites: 

Environmental 
Composite 

P-J Woodland 
P-J-Ponderosa 
Ponderosa-Oak 
Fir 

Site 

33 
51 
5 
2 

Acres 

187 
358 
19 
29 

Density 

0.176 
0.142 
0.263 
0.069 

In Clusters 6, 7 and 8, where the first two are primarily Pinyon-Juniper 
and the last is a Pinyon-Juniper and Ponderosa, there is an expansion of 
the field house network in all three clusters. 

This increase in the number of field houses in previously existing 
areas may explain the construction of habitations in the area. Presumably, 
the increase of field houses on the south rim across from Third Fort is a 
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response to increasing habitation in the canyon around Third Fort and on 
the rim top. 

Although there is no indication of why sites cease being built, the 
pattern visible during the Late Post-Eruptive Period disappears abruptly 
between A.D. 1250 and 1300. No sites contained ceramics associated with 
this time period. Possibly the Great Drought and increasing aggregation 
in areas to the southeast on Anderson Mesa had something to do with the 
abandonment of Walnut Canyon. 
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CHAPTER 6 

CONCLUSION AND SUMMARY STATEMENTS CONCERNING 
SETTLEMENT AND LAND USE AROUND AND IN WALNUT CANYON 

Introduction 

The reconstruction of settlement and land use is based primarily on 
two things: the distribution of different site types across the land
scape and the distribution of sites with reference to specific land re
sources as specified by Terrestrial Ecosystem units. Description of settle
ment distribution was based on the results of a Minimal Spanning Tree analysis 
by three different time periods and between habitation and field house sites; 
and the number and kinds of sites associated with the environmental com
posites. As it happens the clusters support inferences that settlement was 
oriented to geographic units that had some relationship to the actual distri
bution of sites. The land use relationship of sites was illustrated pri
marily through the relationship of sites to their TES units and the re
source productivity of each of those units. 

Settlement Reconstruction 

It is far easier to reconstruct the settlement structure of sedentary 
agriculturalists than that of mobile groups. This is primarily because 
of the permanence of the remains. Because of this the scale of study is 
less troublesome (Butzer 1982). However, the lack of excavation data and 
the inability to address the effects of variable occupation spans limit 
the range of interpretation and should be kept in mind when evaluating the 
model of site organization. 

Model of Site Organization 

During the survey it became apparent that there was a range of site 
variability. The surveyors noticed that the archaeological remains paral
leled those recorded for the Elden phase at other sites around Flagstaff. 
There appears to have been a hierarchically arranged settlement system in 
the Flagstaff area during the Padre to Elden phases, which developed out 
of the preceding phases. This system was believed to be a direct reflection 
of the patterns of land use by Sinagua. 

The system consisted, at a gross level, of limited activity (field 
houses and artifact scatters) and multiple activity sites (pueblos and 
multiple room/multiple structure sites) . Differences between the two were 
based on relative abundance of artifacts on sites, massiveness of archi
tecture and number of structures. Sites were clustered in such a manner to 
form a settlement system in the Walnut Canyon area. 

At the next level of differentiation there were permanent habitation 
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sites, villages or hamlets, acting as areal centers and smaller habitation 
sites, farmsteads or field houses, and outlying sites which supported the 
central community. There was also a variety of specialized sites generally 
associated with the larger habitation sites. Possibly large central place 
sites acted as critical points on the rims and along the canyons, operating 
at the center of a zone of influence. Away from these were smaller habi
tation and less variable sites with one to four structures which acted as 
rancheria or farmstead locations. Spaced around these were limited activity 
sites constructed to watch over fields, control water and provide storage. 
Empirically, based on site distributions, several of these settlement 
clusters occurred throughout the project area. Each of these clusters 
was oriented around geographic or physiographic features. The Minimal 
Spanning Tree Analysis tended to confirm this inference. 

The original intention, regarding settlement at Walnut Canyon, was 
to describe the various settlement features on the monument using an intu
itive set of identifiable geographic zones. The following describes the 
zones and their originally conceived contribution to the settlement pattern 
at Walnut Canyon. Following this is a description of the process of settle
ment and land use at Walnut Canyon, in light of the MST and environmental 
analysis in Chapter 5. 

Settlement Zones 

Site density within the monument is so high that there is little doubt 
of interaction among all contemporaneous occupants in the canyon. How
ever, distinctive patterns in the distribution of sites suggest zones of 
settlement, each with its own aggregate of sites. These zones were identi
fied as (1) Northwest Rim and Canyon, (2) North Rim Central and Third Fort, 
(3) North Rim East and Second Fort, (4) South Rim West and Canyon, (5) 
South Rim Central and Canyon, and (6) South Rim East and Canyon. Each of 
these varied in the density of settlement from low on the eastern south 
rim to high on the central north rim around Third Fort. 

There was a total of 55 sites in the northwest rim and canyon zone. 
This distinct zone contained the full range of settlement possibilities 
for the canyon. Distinct clusters of sites on the rim are associated 
with cliff dwellings below. Given the survey data, it was difficult to 
make the connection between the sites on the rim and those in the canyon 
without the use of some objective clustering technique. Most of the can
yon sites were habitation sites while those on the rim were smaller and 
less intensively used habitation sites. In several places, specifically 
Ranger Canyon and unnamed canyons along the edge of the rim, shallow drain
ages wound down to the ledges on the slope of the canyon where the cliff 
structures were located. In Ranger Canyon and its smaller unnamed tri
butaries, check dams and terraces were associated with the farmstead sites 
on the flats of the rims to the west. 

The north rim central and Third Fort zone, by far the most densely 
populated, had 63 sites organized in several site aggregates associated 
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with it. These congregated around the prominence in the canyon referred 
to as the Island or Third Fort. The zone was distinctive because, in 
addition to settlement clusters, it also had specialized sites, including 
the walled hilltop site (WACA85A202) called Third Fort and the large iso
lated room on the prominence (WACA85A199) which was interpreted to be a 
community room. The largest cliff structures occurred in this zone (WACA-
85A155 and 156). The basic suggestion was that the Third Fort area was 
a central place for all occupation in Walnut Canyon, based on both the 
number of structures and the amount of work and organization that would 
have been needed to monitor settlement in that part of the canyon. 

On the rim above Third Fort an elaborate system of habitation sites 
with associated secondary farmsteads and tertiary agricultural sites in
cluded WACA85A90, the largest such site recorded during the project. Its 
location on the rim was ideal for regulating access in and out of the can
yon from Third Fort. Approximately one quarter mile to the east were two 
sites adjacent to each other (WACA85A85 and 86) located at a point suitable 
for controlling access in and out of the canyon via a small tributary can
yon called Paul Canyon. 

The north rim east and Second Fort zone was discreetly separated from 
the previous zone by Paul Canyon which formed a natural and potential 
social barrier between the two areas. This eastern zone encompassed the 
largest area on the monument. Settlement across the zone was fairly regu
lar with the same three level division as that around Third Fort, with 
54 sites. 

The largest and most noticeable settlement concentration in this zone 
was associated with the cliff and defensive sites on the north rim around 
Second Fort (WACA85A235). WACA85A50 looked very much like WACA85A90. It 
consisted of a number of low masonry outlined structures and dense artifact 
scatter. It sat back from the rim above the access trail to Second Fort. 
It might have been a clone of the Third Fort situation except that site 
density was lower and the canyon sites were not as impressive. 

The site on the prominence of Second Fort was more distinctive than 
that found on Third Fort. The hilltop rooms (WACA85A237) had higher stand
ing walls and more rooms. Also, on the neck between the prominence and 
the north rim, was a substantial wall built on either side of the neck and 
consisted of massive Kaibab limestone blocks placed on top and to the side 
of each other. It would have been a tremendous construction project with 
machinery let alone with the hand labor used in the past. 

Settlement on the south rim west and canyon zone was noticeably less 
dense than on the north side. Of the southern zones this one had the 
highest density with 30 sites. Use of this rim was associated with the 
settlement around Third Fort. Because the majority of sites were agri
cultural field houses or features the best inference is that the area was 
used as an optimal resource area or bet-hedging venture. It would have 
been too inaccessible to be used on a frequent basis. It also would have 
been too cold to rely on harvesting crops prior to frost. Colton's Fourth 
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Fort (WACA85A10), located on a prominence in this zone, overlooked the 
Third Fort settlement and may have been a habitational outpost for moni
toring use of the south rim. 

Also recorded in the zone were the cliff structures on the south slope 
of the canyon. These fairly substantial masonry structures were no doubt 
associated with the occupation around Third Fort. 

The south rim central and canyon zone had a low density of occupation 
characterized by field houses and agricultural features. In all, 12 sites 
were found in this zone. Most likely it was also associated with the 
occupation at Third Fort. No cliff structures, except for some temporary 
shelters were associated with the zone. Field houses were evenly distri
buted across the zone suggesting that a large portion of the zone was 
deemed suitable for agriculture. 

The south rim east and canyon zone exhibited the lowest density with 
only 19 sites, including one cluster of early sites in the southeast corner. 
Unlike the area around Third Fort, there were no canyon sites on the south 
slope associated with Second Fort. Once the early sites were removed the 
density dropped to almost nothing. 

There was some indication that site density increased east of the 
monument. Previous survey on the Coconino National Forest and the sites 
recorded on the eastern boundary indicated that the trend towards site 
agglomeration characteristic of this period continued and that the monu
ment boundary occurred on the edge of another settlement system to the 
east. 

At this point in the canyon, Cherry Canyon, a major tributary of Wal
nut Canyon, rose out of the canyon. It would have provided access in and 
out of Walnut Canyon as well as to the north rim and Second and Third 
Forts. As with the natural barrier formed by Paul and Ranger Canyons on 
the north rim, possibly Cherry Canyon formed a natural barrier between 
settlement systems on the south rim. 

These zones were initially helpful in conceptualizing settlement at 
Walnut Canyon. They did not, however, reveal much about the underlying 
structure and how it changed through time. During the pre-eruptive period 
the analysis helped to demonstrate that settlement occurred in the north
west rim and canyon; the north rim central and Third Fort; and the south 
rim east and canyon zones. The zones were most useful because they re
vealed geographic boundaries around which it was speculated settlement 
would be restricted. There was no a priori proof that settlement cor
responded to these zones. Rather, the analyses tested the validity of 
assigning these zones. One primary assumption applicable to this is that 
people recognize physical or geographic boundaries as limiting settlement. 

The analysis of the post-eruptive period sites confirmed that the 
zones were partially real, in that the linkages formed by the clustering 
conformed to the boundaries of the zones. However, the boundaries of the 
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clusters did overlap the zone boundaries, especially around Ranger Can
yon. Steeper drainages, like Walnut Creek, Paul Canyon and Cherry Can
yon, were confirmed as zonal boundaries by the clustering. 

The Process of Settlement and 
Land Use at Walnut Canyon 

The intuitive zones provided an initial model of settlement in Walnut 
Canyon. However, they did not give an adequate sense of the process of 
settlement and land use in the area. The minimal spanning tree analysis 
and the subsequent analysis of sites in TES units in each cluster supported 
the following interpretations about the distribution of sites across clus
ters by environmental composite. Both of these analyses revealed more of 
the structure of the patterns imprinted on the landscape by human occupation. 

Pre-Eruptive Settlement and Land Use 

Settlement at Walnut Canyon did not begin until A.D. 700 at the earliest 
and more likely began around A.D. 800, based on the ceramic distribution. 
The mechanism which initiated settlement at this time is assumed to have 
been similar to whatever was responsible for occupation of the San Fran
cisco Peaks area. On the basis of the field house distribution across 
the environmental composites and the clustering it has been stated that 
the pre-eruptive period was a time of wide site dispersion, especially 
in the Pinyon-Juniper and Pinyon-Juniper-Ponderosa environments. From 
this it is inferred that the occupants were interested in warmer, dryer 
elevations with abundant arable soils located around the clusters of field 
houses. The data used here did not suggest anything unique about this 
time period or that it was any different from settlement elsewhere in the 
Flagstaff area. 

Between A.D. 800 and 1000 there was an apparent break in the ceramic 
record at Walnut Canyon, suggesting a hiatus in occupation of the canyon. 
Because of this it was difficult to argue that the pre-eruptive settlement 
pattern was antecedent to that of the post-eruptive period. The pre-erup
tive settlement pattern, except for the habitations on the north rim, gave 
every impression of being transient or temporary. If this was the case then 
it would also make it difficult to argue, from an evolutionary perspective, 
for continuous settlement development into the post-eruptive period. 

Land use during the pre-eruptive period was difficult if not im
possible to perceive from survey data. The survey's assignment of habi
tation or field house labels to the sites was based on surface evidence 
of small masonry structures for field houses and artifact scatters with 
depressions for habitations. Consequently, the remains used to identify 
a field house or habitation during the pre-eruptive period were potentially 
entirely different than those used for the post-eruptive periods. Also, 
the rules for settlement may have been and probably were quite different 
from those used in the post-eruptive period. 
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The cluster and environmental composite data suggested that settle
ment constraints were fairly relaxed during the pre-eruptive period. Most 
likely this resulted from the dispersed nature of settlement which allowed 
individuals a wide range of options, of which mobility between resources 
was a likely choice. Mobility and seasonality could explain the presence 
of a clustered series of limited activity sites on the southeastern corner 
of the monument. This idea of the southeast rim zone being a seasonally 
reused area is supported by the presence of several small, low-level acti
vity sites. 

The Post-Eruptive Periods 

The occupational hiatus towards the end of the pre-eruptive period 
means settlement started on a relatively clean slate after the eruption. 
There was little to indicate that post-eruptive settlement began immediately 
after or as a result of the first eruption of Sunset Crater in A.D. 1066. 
The first probable post-eruptive date of occupation was probably between 
A.D. 1100 and 1150 during the Padre Phase. This initial post-eruptive 
settlement may have resulted from a number of factors. Initially two 
clusters of sites were occupied. These included a small number of sites 
in the ledges of Second Fort and the formative ledge occupation at Third 
Fort. There was also an extensive agricultural system imposed over the 
landscape. Apparently all environments were used to a limited extent 
giving the impression of an experimental or risk-reducing approach to 
agriculture. The most dense site clusters occurred in the Pinyon-Juniper 
Woodland and in the Pinyon-Juniper-Ponderosa environments around Third 
Fort. The Sinagua used a variety of agricultural strategies from dry 
farming in the eastern clusters to modified water catchment in the west. 
The best examples of the modified water catchment devices were in Paul 
Canyon and some of the side canyons in either a Ponderosa-Oak environment 
or in the Pinyon-Juniper-Ponderosa composite. 

Based on the linkages from the clusters, the field houses for the 
early post-eruptive period were associated with specific habitation sites. 
For example, the water control fields in Paul Canyon and the field house 
sites on the western south rim were related by distance to the canyon habi
tation sites between Paul Canyon and Third Fort, on both sides of Walnut 
Creek. These also included the settlement on top of the inappropriately 
named "Fourth Fort." The field sites on the east side of Paul Canyon and 
those on the north side between Paul Canyon and Second Fort were related 
by distance in the analysis. However, settlement at Second Fort at this 
time was so sparse making it difficult to argue that it was large enough 
to be responsible for the range of use of the north rim in this area. 
Since the monument boundary was truncated at this location it may be a 
better argument that another settlement center occurred outside the monu
ment boundary to the northeast. Future survey is needed to test this 
possibility. 
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In terms of the pattern originally developed during the early post-
eruptive period, there were only a few significant changes. The number of 
field houses and the size of clusters increased, suggesting an expansion 
and intensification of agricultural pursuits. This was most apparent in 
the southwestern rim area and in the northeastern rim area above Second 
Fort. Habitations that arose from this are rim top hamlet configurations 
at Second and Third Fort (WACA895A50 and 90). Even if there was an earlier 
larger habitation outside the monument boundary, the occupants evidently 
felt a need to construct substantial habitations above Second Fort to 
monitor the sites. The same also appeared to have been true to a lesser 
degree for the habitation sites above Third Fort. These communities were 
unique in that they formed hamlets (Wilcox 1986) or sites with several 
structures including multiple room masonry units and pit structures with 
extensive artifact scatters. 

Between the beginning of the post-eruptive period and A.D. 1300 the 
settlement pattern remained unchanged but was characterized by intensifi
cation and expansion. Possibly this intensification resulted from or was 
the cause of some change in social organization. Obviously some form of 
rigorous social control was responsible for the continued growth and in
tensification. 

If, as Hohmann (1981:177-178) contends, Sinagua society changed from 
a limited stratified society around A.D. 1130 to 1150 into a "... hier
archically organized society functioning at a complex chiefdom level" then 
such a change should have had a dramatic effect on occupation at Walnut 
Canyon. The presence of specialized features, like the forts, defensive 
walls, the community room at Third Fort and the organized distribution of 
sites supports this contention. Some centralized form of authority, whether 
invested in an individual or a group of individuals, would be necessary 
to perpetuate the settlement system in place for almost 200 years. Boserup ' s 
(1965) point of view, that as population grew in the area social mechanisms 
were created to control the supply of necessary commodities, and the move
ment of people and these goods, seems like a plausible explanation. As 
a result agricultural technology changed in response to expanding popu
lation so that prehistoric populations could afford to feed themselves. 
These mechanisms would have been responsible for the initial identification 
of Walnut Canyon as a suitable place to live and to explore the possibi
lities of organized agriculture. 

These same social mechanisms also would have eventually generated 
over consumption in some areas which may have resulted in resource depletion, 
especially in an area with as fragile an ecology as Walnut Canyon. After 
200 years the possibility exists that the occupants may have over extended 
their welcome from nature and the system could no longer support the popu
lation. Whatever the explanation, this system collapsed at Walnut Canyon 
around the time of the Great Drought between A.D. 1250 and 1300 when there 
was no indication of occupation at sites in the canyon. 
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The Forts and Canyon Settlement 

It seems obvious that Second and Third Forts were foci of occupation 
in Walnut Canyon. Because they were located in the surveyed area their 
relationship to the outside area seems truncated. In fact, at least two 
other forts, First and Fifth, were also located in the canyon within easy 
communication distance. Three miles to the east at a point where Walnut 
Canyon opens up wide enough to provide an arable flood plain is the so-
called First Fort. It is, however, misleading to call it a fort in the 
same sense as Second and Third Forts. It does have readily defensible 
features but the sustaining settlement system associated with it is much 
larger, including a large pit house community, two rim top pueblos, a large 
community room, and probable dam and reservoir. Fifth Fort, one quarter 
mile west of the monument's west boundary, was more true to the definition 
of a fort by being located on an isolated prominence and having defensive 
looking features. 

The important feature of the forts was that they provided a central 
location with prominent features for what must have been a complex net
work of settlement associated with Walnut Canyon. 

Land Use 

One of the more obvious land uses in the project area was agriculture. 
Based on the abundance of field houses recorded it seems likely that it 
was a dominant activity. The abundant water control features recorded in 
Ranger Canyon confirm this inference. 

To try and understand the patterns of land use each site was grouped 
according to its location within a TES unit. Within the TES definitions 
there were obvious units that would be more suitable for agriculture than 
others. The transitional zones and homogenous Pinyon/Juniper zones were 
hypothesized to be the most suitable for agriculture because of their 
longer frost free period and warmer exposures. The high pine, alpine and 
canyon zones would be less suitable because they were too cold or had in
sufficient soil and steep slope. The distribution across TES units tended 
to confirm that sites were located in the environmental units that are 
more suitable for agriculture. 

Todd Bostwick (1985:291-298) discussed the potential for arable land 
at sites he excavated near Walnut Canyon. His sites were located in en
vironments similar to those in the west end of the monument, in a pre
dominantly Ponderosa-Oak environment. He determined that much of the 
qualities required of arable soils were met by local soils. He considered 
his sites to be associated with "dry farming" fields as defined by Glassow 
(1980, cited in Bostwick 1985:294). He also speculated that his sites were 
specifically situated with respect to each other and with respect to larger 
habitation sites. In other words, his data matched the pattern observed 
in the Walnut Canyon data. 
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Because the data collected were from survey information it was dif
ficult to understand the additional kinds of land use that may have been 
possible in Walnut Canyon. The biotic check list by Joyce (1974) suggests 
that a wide range of wild plant foods existed in the canyon. Weber's 
(1981) thesis suggested that during the Elden phase there was an increasing 
reliance on wild foods by local populations. 

It was also obvious that the Sinagua of Walnut Canyon relied on the 
land to provide many raw materials. In what may be a unique situation 
for the Flagstaff area, the canyon provided natural shelter which the 
Sinagua then augmented for their own benefit. 

Based on the recent study regarding Walnut Canyon's water flow (Brian 
1985), it was doubtful that the canyon's intermittent water flow would have 
been a primary attraction to prehistoric people. It is likely, however, 
that the canyon would have held water and been somewhat reliable throughout 
a large part of the year. 

Future Research 

Obviously one of the most glaring information gaps is the lack of ex
cavation data. The need for more subsurface study is required to verify 
or refute many of the assertions made in this paper. Further excavation 
would help contribute to the large survey data base. 

Another area of need concerns chronology. Although there were some 
definite ideas stated concerning the dates of occupation, there are few 
independent dates for sites at Walnut Canyon. The survey did record in
tact hearths in some of the cliff dwellings. Here is a perfect opportunity 
to contribute to the temporal database for the monument and the Flagstaff 
area. In September of 1987 archaeomagnetic samples were taken from three 
sites (WACA85A156, 167 and 201) in the canyon and dates confirmed occupa
tion during the Elden phase but more importantly the study confirmed the 
presence of intact hearths in what were previously thought to be extremely 
disturbed contexts. 

Although the cliff dwellings were extensively damaged by previous 
vandalism the potential still exists to complete ethnobotanical studies 
in some of the sites. In some places relatively good remains still exist. 
Both palynological and macrobotanical studies would contribute immeasurably 
to the resource base of the monument. 

Summary 

The people who lived in the canyon shared in a local cultural tradition 
called the Sinagua. Data from previous survey and limited excavation indi
cated that Walnut Canyon was occupied primarily during the transition be
tween the Padre and Elden phases, from A.D. 1120 to A.D. 1225, with a 
dominant occupation during the Elden phase. For about 600 years prior to 

111 



the Padre and Elden phases, occupation of the canyon was very sparse and 
limited primarily to farming communities on the canyon rims. 

At the same time that the rest of the Southwest was experiencing a 
population expansion, the Sinagua expanded and occupied structures in lime
stone overhangs in the canyon. This occupation was tied to a densely 
patterned north rim occupation and limited use of the south rim. Sometime 
around the middle of the 13th century the population abandoned Walnut 
Canyon and moved southeast with the rest of the Sinagua population from 
Anderson Mesa. 
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Appendix A 
Site Data From Walnut Canyon 

Site 1st 2nd 3rd Num Num Site TES Loc. Date Date 
Numb Ord Ord Ord Str Rms Size Cata Early Late 

1 1 3 7 0 0 3000 3 14 1150 700 
2 2 5 4 1 2 314 3 14 884 850 
3 2 4 4 1 1 225 447 11 850 800 
4 3 7 4 2 2 800 447 11 884 700 
5 2 4 4 1 1 12 447 11 850 700 
6 2 4 4 1 1 86 447 11 884 700 
7 4 10 3 0 0 35 447 11 0 0 
8 2 4 4 1 1 70 447 11 884 700 
9 1 3 5 1 1 448 447 11 800 700 
10 3 9 6 6 6 2000 460 11 884 700 
11 4 10 8 0 0 39 460 11 884 700 
12 3 7 4 2 2 240 447 11 0 0 
13 3 7 4 2 2 432 447 11 884 700 
14 2 4 4 1 1 33 447 11 884 700 
15 3 7 4 2 2 760 447 11 800 700 
16 2 4 4 1 1 70 447 12 884 700 
17 2 4 4 1 1 234 447 12 800 700 
18 2 4 4 1 1 110 447 12 800 700 
19 2 4 4 1 1 195 447 12 800 700 
20 2 4 4 1 1 1264 447 12 800 700 
21 3 7 4 2 2 276 447 12 884 700 
22 1 3 2 0 0 450 447 12 0 0 
23 2 4 4 1 1 240 447 12 884 700 
24 1 1 1 0 0 480 447 12 0 0 
25 2 4 4 1 1 100 447 12 0 0 
26 1 1 1 0 0 105 447 12 0 0 
27 2 4 4 1 1 25 447 12 0 0 
28 1 1 1 0 0 260 447 13 0 0 
29 1 1 1 0 0 600 447 13 0 0 
30 1 3 2 0 0 1300 3 13 1150 884 
31 2 4 4 1 1 5000 3 13 1150 1000 
32 2 4 4 1 1 2250 3 13 1150 884 
33 2 4 4 1 1 375 3 13 884 700 
34 2 4 4 1 1 364 3 13 884 700 
35 2 5 4 1 2 9200 3 13 1150 700 
36 2 4 4 1 1 280 3 13 1150 884 
37 2 4 4 1 1 1430 447 13 884 700 
38 3 7 4 2 2 1800 3 14 884 700 
39 1 1 1 0 0 1400 3 14 0 0 
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Appendix A (Continued) 
Site Data From Walnut Canyon 

Si te 
Numb 

40 
41 
42 
43 
44 
45 
46 
47 
48 
49 
50 
51 
52 
53 
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55 
56 
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60 
61 
62 
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65 
66 
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68 
69 
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71 
72 
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75 
76 
77 
78 
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81 
82 
83 
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1st 
Ord 
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2 
1 
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3 
3 
2 
3 
2 
3 
2 
1 
2 
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4 
2 
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1 
2 
2 
2 
1 
1 
2 
2 
2 
2 
2 
4 
4 
2 
1 
2 
3 
2 
7 
2 
2 
2 
2 
2 
1 
2 
2 

2nd 
Ord 

1 
3 
6 
3 
4 
8 
8 
4 
9 
4 
9 
4 
3 
4 
4 
10 
5 
4 
3 
5 
4 
4 
3 
3 
4 
4 
4 
4 
4 
10 
10 
4 
3 
4 
4 
4 
0 
5 
4 
4 
4 
4 
3 
4 
4 

3rd 
Ord 

1 
7 
6 
7 
4 
6 
6 
4 
6 
4 
6 
4 
1 
4 
4 
3 
4 
4 
1 
4 
4 
4 
1 
7 
4 
4 
4 
4 
4 
7 
2 
4 
2 
4 
4 
4 
0 
4 
4 
4 
4 
4 
7 
4 
4 

Num 
Str 

0 
0 
1 
0 
1 
2 
2 
1 
3 
1 
5 
1 
0 
1 
1 
0 
1 
1 
0 
1 
1 
1 
0 
0 
1 
1 
1 
1 
1 
0 
0 
1 
0 
1 
1 
1 
0 
1 
1 
1 
1 
1 
0 
1 
1 

Num 
Rms 

0 
0 
3 
0 
1 
3 
3 
1 
7 
1 
6 
1 
0 
1 
1 
0 
2 
1 
0 
2 
1 
1 
0 
0 
1 
1 
1 
1 
1 
0 
0 
1 
0 
1 
1 
1 
0 
2 
1 
1 
1 
1 
0 
1 
1 

S i te 
Si ze 

560 
1056 
4200 
612 
700 

2268 
805 

1050 
1800 
1400 

15625 
130 

1 147 
675 
325 
56 

3000 
2100 
460 

1080 
200 

2250 
1600 
1575 
600 
510 
896 
1 10 
225 
240 
5 

1862 
690 

2200 
2400 
4005 

0 
1250 
750 

1216 
660 
820 

4896 
800 
375 

TES 
Cata 

3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 

460 
460 
460 
454 
454 
454 

3 
3 
0 
3 
3 

250 
3 

454 
454 
454 

3 

Loc . 

14 
4 
4 
4 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
0 
3 
3 
3 
3 
3 
3 
3 
3 

Date 
Ear 1 y 

0 
800 
800 
800 
884 
800 
800 
884 
800 
800 
800 
884 
884 
800 
884 
884 
884 
884 
884 
800 
884 
884 
800 
884 
800 
884 
800 
800 
884 
1000 
884 
1 150 
884 
800 
884 
800 

0 
800 
800 

1000 
800 

1000 
1000 
884 
884 

Date 
Late 

0 
700 
700 
700 
700 
700 
700 
700 
700 
700 
700 
700 
800 
700 
700 
700 
700 
700 
600 
700 
700 
700 
700 
700 
700 
700 
700 
700 
700 
884 
800 
700 
700 
700 
700 
700 

0 
700 
700 
800 
700 
884 
800 
700 
700 

125 



Appendix A (Continued) 
Site Data From Walnut Canyon 

Site 1st 2nd 3rd Num Num Site TES Loc. Date Date 
Numb Ord Ord Ord Str Rms Size Cata Early Late 

85 2 6 6 1 4 2475 3 2 884 700 
86 2 6 6 1 4 3072 3 2 884 700 
87 3 9 6 3 4 5200 250 2 1000 700 
88 2 4 4 1 1 250 3 2 884 700 
89 2 4 4 1 1 620 3 2 884 700 
90 3 9 6 6 11 9000 3 2 800 700 
91 2 5 4 1 2 550 3 2 884 700 
92 2 5 4 1 2 480 447 2 884 700 
93 2 4 4 1 1 135 447 2 884 700 
94 4 12 5 0 0 208 447 2 884 700 
95 2 4 4 1 1 216 447 2 884 700 
96 2 6 6 1 3 126 447 2 800 700 
97 2 4 4 1 1 112 3 2 884 700 
98 3 7 4 2 2 2000 447 2 884 700 
99 2 4 4 1 1 720 447 2 1000 700 
100 4 10 3 0 0 112 447 2 1000 700 
101 2 4 4 1 1 625 3 2 884 700 
102 2 4 4 1 1 128 460 2 1000 700 
103 2 4 4 1 1 1500 447 2 884 700 
104 3 7 4 2 2 1080 447 2 884 700 
105 2 5 4 1 2 600 447 2 884 700 
106 4 1 1 4 0 175 460 2 1000 700 
107 7 0 0 0 0 0 0 0 0 
108 1 3 7 0 0 6800 447 2 884 700 
109 3 9 6 4 5 4200 447 1 884 700 
110 2 4 4 1 1 1375 447 1 884 700 
111 2 4 4 1 1 4000 447 1 884 700 
112 3 7 4 2 2 2000 447 1 884 700 
113 2 4 4 1 1 625 447 1 884 700 
114 2 4 4 1 1 338 447 1 884 700 
115 2 4 4 1 1 156 447 1 884 700 
116 2 4 4 1 1 30 447 1 0 0 
117 2 4 4 1 1 210 447 1 800 700 
118 3 7 4 2 2 280 447 1 884 700 
119 3 7 4 2 2 420 447 1 884 700 
120 2 5 4 1 2 195 447 1 884 700 
121 2 4 4 1 1 1600 447 1 884 700 
122 2 4 4 1 1 250 447 1 884 700 
123 2 4 4 1 1 273 447 1 850 700 
124 2 4 4 1 1 150 445 1 884 700 
125 2 5 4 1 2 375 445 1 884 700 
126 2 4 4 1 1 144 445 1 884 700 
127 2 5 4 1 2 625 445 1 884 700 
128 2 4 4 1 1 325 447 1 884 700 
129 2 4 4 1 1 510 447 1 884 700 
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Appendix A (Continued) 
Site Data From Walnut Canyon 

Si te 
Numb 

130 
131 
132 
133 
134 
135 
136 
137 
138 
139 
140 
141 
142 
143 
144 
145 
146 
147 
148 
149 
150 
151 
152 
153 
154 
155 
156 
157 
158 
159 
160 
161 
162 
163 
164 
165 
166 
167 
168 
169 
170 
171 
172 
173 
174 

1st 
Ord 

2 
2 
3 
2 
3 
2 
3 
2 
3 
2 
3 
2 
3 
5 
8 
5 
5 
5 
5 
6 
5 
5 
5 
5 
5 
5 
5 
5 
5 
5 
5 
5 
5 
5 
5 
5 
6 
5 
6 
5 
5 
5 
5 
5 
7 

2nd 
Ord 

4 
4 
9 
4 
9 
4 
7 
5 
7 
5 
7 
4 
9 
13 
0 
13 
14 
15 
14 
17 
13 
13 
13 
15 
15 
16 
16 
13 
13 
14 
14 
14 
15 
15 
14 
15 
18 
16 
18 
14 
14 
14 
14 
14 
0 

3rd 
Ord 

4 
4 
6 
4 
6 
4 
4 
4 
4 
4 
4 
4 
6 
10 
0 
10 
6 
6 
10 
10 
10 
10 
10 
6 
6 
6 
6 
10 
10 
6 
6 
6 
6 
6 
10 
6 
6 
6 
6 
10 
6 
6 
6 
6 
0 

Num 
Str 

3 

3 

2 

2 

2 

0 

0 

Num 
Rms 

1 
1 
3 
1 
5 
1 
2 
2 
2 
2 
2 
1 
4 
1 
0 
1 
2 
6 
2 
2 
1 
1 
1 
5 
5 
17 
13 
1 
1 
4 
4 
3 
9 
9 
2 
5 
9 

1 1 
1 1 
2 
4 
2 
2 
3 
0 

S i te 
Size 

1425 
170 
544 
750 

2450 
396 
750 
375 

1050 
374 

1664 
1250 
6120 
176 
72 
190 
33 
180 
66 
140 
32 
45 
50 
144 
132 
600 
656 
240 
20 

1 10 
132 
52 

460 
400 
48 
144 

1000 
288 
600 
60 
96 
75 
96 
108 
0 

TES 
Cata 

447 
447 
445 
447 
445 
447 
447 
447 
447 
447 
447 
447 
445 
470 
470 
470 
460 

3 
460 
460 
460 
460 
460 
460 
460 
460 
460 
460 
460 
460 
460 
460 
460 
460 
460 
460 
460 
460 
460 
460 
460 
460 
460 
460 

0 

Loc . 

8 
8 
8 
6 
6 
6 
6 
6 
6 
6 
6 
6 
6 
6 
6 
6 
6 
6 
6 
6 
6 
6 
6 
6 
7 
7 
7 
7 
5 
5 
5 
0 

Date 
Early 

0 
884 
850 
884 

1000 
884 
884 
884 
884 
884 
884 
884 
850 
800 
0 
0 

800 
884 
884 
884 
850 
884 
884 
884 
884 
850 
0 
884 
850 
0 
0 
0 
0 
0 

850 
0 

800 
884 
884 
800 
800 
884 
0 

884 
0 

Date 
Late 

0 
700 
700 
700 
700 
700 
700 
700 
700 
700 
700 
700 
700 
700 
0 
0 

700 
700 
700 
700 
700 
700 
700 
700 
700 
700 
0 
700 
700 
0 
0 
0 
0 
0 
700 
0 
700 
700 
700 
700 
700 
700 
0 
700 
0 
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Appendix A (Continued) 
Site Data From Walnut Canyon 

Si te 
Numb 

175 
176 
177 
178 
179 
180 
181 
182 
183 
184 
185 
186 
187 
188 
189 
190 
191 
192 
193 
194 
195 
196 
197 
198 
199 
200 
201 
202 
203 
204 
205 
206 
207 
208 
209 
210 
21 1 
212 
213 
214 
215 
216 
217 
218 
219 

1st 
Ord 

5 
5 
5 
6 
5 
5 
5 
5 
5 
5 
5 
6 
5 
5 
5 
5 
6 
5 
5 
6 
5 
5 
5 
5 
5 
2 
5 
3 
5 
5 
5 
5 
5 
5 
8 
5 
5 
5 
5 
6 
5 
5 
5 
5 
5 

2nd 
Ord 

14 
14 
15 
18 
15 
13 
14 
15 
15 
13 
13 
17 
14 
14 
13 
13 
18 
13 
13 
14 
14 
15 
14 
14 
15 
4 
14 
9 
14 
15 
14 
14 
14 
14 
0 
14 
14 
14 
14 
18 
14 
15 
13 
14 
13 

3rd 
Ord 

6 
6 
6 
6 
6 
10 
10 
6 
6 
10 
10 
10 
6 
6 
10 
10 
6 
10 
10 
6 
6 
6 
6 
6 
6 
9 
6 
8 
6 
6 
6 
6 
6 
6 
0 
6 
6 
10 
10 
6 
6 
6 
10 
6 
10 

Num Num 
Str Rms 

2 

2 

2 
2 
5 
4 
5 
1 
2 
5 
5 
1 
1 
2 
2 
2 
1 
1 
3 
1 
1 
3 
2 
5 
3 
3 
5 
1 
2 
5 
3 
6 
2 
2 
2 
4 
0 
4 
3 
2 
3 
5 
3 
6 
1 
3 
1 

Si te 
S i ze 

90 
48 
128 
100 
160 
21 
50 
240 
120 
32 
40 
150 
60 
30 
50 
24 
60 
40 
32 
300 
40 

256 
60 
72 

250 
300 
80 
540 
136 
175 
72 
72 
24 
132 
14 
90 
150 
60 
70 
175 
45 
100 
50 
270 
152 

TES 
Cata 

460 
460 
460 
460 
460 
460 
460 
460 
460 
460 
460 
460 
460 
460 
460 
460 
460 
460 
460 
460 
460 
460 
460 
460 
460 
460 
460 
460 
470 
470 
470 
470 
470 
470 
470 
460 
470 
470 
470 
470 
460 
460 
460 
470 
455 

Loc . 

5 
5 
5 
5 
5 
5 
5 
5 
5 
5 
5 
5 
5 
5 
5 
5 
5 
5 
6 
6 
6 
6 
6 
6 
6 
6 
6 
6 
9 
9 
9 
9 
9 
9 
9 
9 
9 
9 
9 
9 
9 
9 
8 
9 
10 

Date 
Early 

850 
884 
800 
884 
850 
884 
884 
884 
884 
884 
884 
884 
800 
884 
884 
884 
0 
0 

884 
884 
0 

850 
800 
800 
884 
884 
884 
884 
884 
884 
850 
0 

800 
884 
0 

850 
884 
884 
800 
884 
884 
800 
884 
850 
0 

Date 
Late 

700 
700 
700 
700 
700 
700 
700 
700 
700 
700 
700 
700 
700 
700 
700 
700 
0 
0 

700 
700 
0 
700 
700 
700 
700 
700 
700 
700 
700 
700 
700 
0 

700 
700 
0 
700 
700 
700 
700 
700 
700 
700 
700 
700 
0 
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Appendix A (Continued) 
Site Data From Walnut Canyon 

Site 1st 2nd 3rd Num Num Site TES Loc. Date Date 
Numb Ord Ord Ord Str Rms Size Cata Early Late 

220 2 4 4 1 1 20 447 2 884 700 
221 5 14 10 1 2 42 460 10 0 0 
222 5 15 6 1 4 60 460 10 0 0 
223 8 0 0 0 0 165 460 10 0 0 
224 5 14 6 1 2 50 460 6 884 700 
225 5 14 10 1 2 40 460 6 884 700 
226 5 14 10 1 2 45 3 6 800 700 
227 5 14 6 1 3 51 250 6 850 700 
228 6 18 6 2 4 57 250 6 884 700 
229 6 18 6 2 5 126 460 6 884 700 
230 5 14 10 1 2 30 460 6 850 700 
231 1 3 7 0 0 165 250 6 884 700 
232 5 13 10 1 1 50 250 7 884 700 
233 5 17 10 2 2 64 460 7 0 0 
234 5 14 6 1 2 50 460 7 0 0 
235 3 8 8 2 5 6000 460 7 884 700 
236 5 13 10 1 1 30 460 7 884 700 
237 6 18 6 2 5 120 460 7 884 700 
238 5 14 6 1 4 63 460 7 0 0 
239 7 0 0 0 0 0 0 0 0 0 
240 7 0 0 0 0 0 0 0 0 0 
241 7 0 0 0 0 0 0 0 0 0 
242 7 0 0 0 0 0 0 0 0 0 
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SITE NUMBER OTHER REFERENCES LOCATION 

WACA 85A-001 WACA 7 (Gilman) South Rim 
WACA 85A-002 AZ 1:15:11 ASC South Rim 
WACA 85A-003 NA 315 South Rim 
WACA 85A-004 AZ 1:14:02 ASC South Rim 
WACA 85A-005 South Rim 
WACA 85A-006 AZ 1:14:10 ASC South Rim 
WACA 85A-007 AZ 1:14:09 ASC South Rim 
WACA 85A-008 South Rim 
WACA 85A-009 AZ 1:14:14 ASC South Rim 
WACA 85A-010 AZ 1:14:04b ASC South Rim 
WACA 85A-011 AZ 1:14:04a ASC South Rim 
WACA 85A-012 AZ 1:14:12 ASC South Rim 
WACA 85A-013 AZ 1:14:15 ASC South Rim 
WACA 85A-014 South Rim 
WACA 85A-015 AZ 1:14:13 ASC South Rim 
WACA 85A-016 AZ 1:14:19 ASC South Rim 
WACA 85A-017 AZ 1:14:20 ASC South Rim 
WACA 85A-018 AZ 1:14:21 ASC South Rim 
WACA 85A-019 AZ 1:14:22 ASC South Rim 
WACA 85A-020 South Rim 
WACA 85A-021 AZ 1:14:25 ASC South Rim 
WACA 85A-022 South Rim 
WACA 85A-023 AZ 1:14:24 South Rim 
WACA 85A-024 South Rim 
WACA 85A-025 AZ 1:14:23 ASC South Rim 
WACA 85A-026 South Rim 
WACA 85A-027 South Rim 
WACA 85A-028 South Rim 
WACA 85A-029 South Rim 
WACA 85A-030 South Rim 
WACA 85A-031 AZ 1:15:06 ASC South Rim 
WACA 85A-032 South Rim 
WACA 85A-033 AZ 1:15:05 ASC South Rim 
WACA 85A-034 AZ 1:15:04 ASC South Rim 
WACA 85A-035 AZ 1:15:03 ASC South Rim 
WACA 85A-036 AZ 1:15:02 ASC South Rim 
WACA 85A-037 South Rim 
WACA 85A-038 AZ 1:15:07 ASC South Rim 
WACA 85A-039 South Rim 
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SITE NUMBER OTHER REFERENCES LOCATION 

WACA 85A-040 South Rim 
WACA 85A-041 North Rim 
WACA 85A-042 NA 7219 North Rim 
WACA 85A-043 North Rim 
WACA 85A-044 North Rim 
WACA 85A-045 NA 6853 North Rim 
WACA 85A-046 NA 6854 North Rim 
WACA 85A-047 North Rim 
WACA 85A-048 NA 6838 North Rim 
WACA 85A-049 NA 6852 North Rim 
WACA 85A-050 NA 671 North Rim 
WACA 85A-051 NA 6856 North Rim 
WACA 85A-052 North Rim 
WACA 85A-053 North Rim 
WACA 85A-054 North Rim 
WACA 85A-055 North Rim 
WACA 85A-056 NA 6842 North Rim 
WACA 85A-057 NA 6843 North Rim 
WACA 85A-058 North Rim 
WACA 85A-059 NA 6844 North Rim 
WACA 85A-060 NA 6847 North Rim 
WACA 85A-061 NA 6846 North Rim 
WACA 85A-062 North Rim 
WACA 85A-063 North Rim 
WACA 85A-064 NA 6845 North Rim 
WACA 85A-065 NA 6840 North Rim 
WACA 85A-066 NA 6839 North Rim 
WACA 85A-067 NA 6837 North Rim 
WACA 85A-063 NA 6848 North Rim 
WACA 85A-069 North Rim 
WACA 85A-070 North Rim 
WACA 85A-071 NA 5050 North Rim 
WACA 85A-072 North Rim 
WACA 85A-073 NA 7222 North Rim 
WACA 85A-074 North Rim 
WACA 85A-075 NA 7221 North Rim 
WACA 85A-076 North Rim 
WACA 85A-077 NA 6829 North Rim 
WACA 85A-078 North Rim 
WACA 85A-079 NA 6832 North Rim 
WACA 85A-080 NA 6831 North Rim 
WACA 85A-081 North Rim 
WACA 85A-082 North Rim 
WACA 85A-083 NA 6828 North Rim 
WACA 85A-084 NA 6833 North Rim 
WACA 85A-085 NA 386 North Rim 
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WACA 85A-086 NA 385 North Rim 
WACA 85A-087 NA 6830; NA 6834 North Rim 
WACA 85A-088 North Rim 
WACA 85A-089 NA 5896 North Rim 
WACA 85A-090 NA 475-478, 103 North Rim 
WACA 85A-091 NA 5897 North Rim 
WACA 85A-092 NA 5888 North Rim 
WACA 85A-093 NA 5688 North Rim 
WACA 85A-094 NA 5895 North Rim 
WACA 85A-095 NA 5887 North Rim 
WACA 85A-096 NA 5889 North Rim 
WACA 85A-097 North Rim 
WACA 85A-098 NA 5883 North Rim 
WACA 85A-099 NA 5892 North Rim 
WACA 85A-100 North Rim 
WACA 85A-101 NA 5882 North Rim 
WACA 85A-102 NA 5882 North Rim 
WACA 85A-103 NA 5884 North Rim 
WACA 85A-104 NA 5872, NA 5873 North Rim 
WACA 85A-105 NA 5871 North Rim 
WACA 85A-106 NA 5879 North Rim 
WACA 85A-107 North Rim 
WACA 85A-108 North Rim 
WACA 85A-109 North Rim 
WACA 85A-110 NA 5867 North Rim 
WACA 85A-111 NA 5870 North Rim 
WACA 85A-112 NA 5868 North Rim 
WACA 85A-113 NA 5869 North Rim 
WACA 85A-114 North Rim 
WACA 85A-1 15 North Rim 
WACA 85A-116 NA 6871 North Rim 
WACA 85A-1 17 North Rim 
WACA 85A-118 NA 6872 North Rim 
WACA 85A-119 North Rim 
WACA 85A-120 NA 6863 North Rim 
WACA 85A-121 NA 6865 North Rim 
WACA 85A-122 NA 6866 North Rim 
WACA 85A-123 North Rim 
WACA 85A-124 NA 6844 North Rim 
WACA 85A-125 NA 469 North Rim 
WACA 85A-126 NA 470 North Rim 
WACA 85A-127 NA 468 North Rim 
WACA 85A-128 NA 6858 North Rim 
WACA 85A-129 North Rim 
WACA 85A-130 NA 6860 North Rim 
WACA 85A-131 NA 6859 North Rim 
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WACA 85A-132 NA 6861 North Rim 
WACA 85A-I33 NA 6862 North Rim 
WACA 85A-134 NA 464-465, 467 North Rim 
WACA 85A-135 North Rim 
WACA 85A-136 NA 463 North Rim 
WACA 85A-137 NA 6868 North Rim 
WACA 85A-138 NA 6867 North Rim 
WACA 85A-139 NA 6869 North Rim 
WACA 85A-140 NA 6870 North Rim 
WACA 85A-141 NA 461 North Rim 
WACA 85A-142 North Rim 
WACA 85A-143 South Side Canyon 
WACA 85A-144 AZ 1:14:03 ASC South Side Canyon 
WACA 85A-145 South Side Canyon 
WACA 85A-146 NA 326 North Side Canyon 
WACA 85A-147 NA 328 and NA 327 North Side Canyon 
WACA 85A-148 NA 329 North Side Canyon 
WACA 85A-149 NA 330 and NA 748 North Side Canyon 
WACA 85A-150 NA 318 North Side Canyon 
WACA 85A-151 NA 317 North Side Canyon 
WACA 85A-152 NA 319 North Side Canyon 
WACA 85A-153 NA 320 North Side Canyon 
WACA 85A-154 NA 321 North Side Canyon 
WACA 85A-155 NA 322 North Side Canyon 
WACA 85A-156 NA 323 North Side Canyon 
WACA 85A-157 NA 324 North Side Canyon 
WACA 85A-158 NA 735 Third Fort Canyon 
WACA 85A-159 NA 736 Third Fort Canyon 
WACA 85A-160 NA 737 Third Fort Canyon 
WACA 85A-161 NA 738 Third Fort Canyon 
WACA 85A-162 NA 739 Third Fort Canyon 
WACA 85A-163 NA 740 Third Fort Canyon 
WACA 85A-164 NA 741 Third Fort Canyon 
WACA 85A-165 NA 742 Third Fort Canyon 
WACA 85A-166 NA 743A and 743B Third Fort Canyon 
WACA 85A-167 NA 388 North Side Canyon 
WACA 85A-168 NA 389 North Side Canyon 
WACA 85A-169 NA 390 North Side Canyon 
WACA 85A-170 North Side Canyon 
WACA 85A-171 NA 298 North Side Canyon 
WACA 85A-172 NA 299 North Side Canyon 
WACA 85A-173 North Side Canyon 
WACA 85A-174 Ranger Canyon 
WACA 85A-175 NA 312 Ranger Canyon 
WACA 85A-176 NA 313 North Side Canyon 
WACA 85A-177 NA 311 North Side Canyon 
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WACA 85A-178 NA 309 North Side Canyon 
WACA 85A-179 NA 310 North Side Canyon 
WACA 85A-180 NA 308 North Side Canyon 
WACA 85A-181 NA 307A and 306 North Side Canyon 
WACA 85A-182 NA 307 North Side Canyon 
WACA 85A-183 NA 304 North Side Canyon 
WACA 85A-184 NA 305 North Side Canyon 
WACA 85A-185 North Side Canyon 
WACA 85A-186 NA 302 North Side Canyon 
WACA 85A-187 NA 300 North Side Canyon 
WACA 85A-188 North Side Canyon 
WACA 85A-189 North Side Canyon 
WACA 85A-190 North Side Canyon 
WACA 85A-191 NA 303 North Side Canyon 
WACA 85A-192 NA 301 North Side Canyon 
WACA 85A-193 NA 400A North Side Canyon 
WACA 85A-194 NA 400 North Side Canyon 
WACA 85A-195 NA 398 North Side Canyon 
WACA 85A-196 NA 397 North Side Canyon 
WACA 85A-197 NA 396 North Side Canyon 
WACA 85A-198 NA 747 North Side Canyon 
WACA 85A-199 NA 401 North Side Canyon 
WACA 85A-200 Third Fort Saddle 
WACA 85A-201 Third Fort Canyon 
WACA 85A-202 Third Fort Top 
WACA 85A-203 NA 744 South Side Canyon 
WACA 85A-204 NA 745 South Side Canyon 
WACA 85A-205 NA 395 South Side Canyon 
WACA 85A-206 NA 394 South Side Canyon 
WACA 85A-207 NA 745 South Side Canyon 
WACA 85A-208 South Side Canyon 
WACA 85A-209 Canyon Bottom 
WACA 85A-210 NA 333 South Side Canyon 
WACA 85A-211 NA 334 South Side Canyon 
WACA 85A-212 NA 335 South Side Canyon 
WACA 85A-213 NA 336 South Side Canyon 
WACA 85A-214 NA 337 and 338 South Side Canyon 
WACA 85A-215 NA 332 South Side Canyon 
WACA 85A-216 NA 331 South Side Canyon 
WACA 85A-217 South Side Canyon 
WACA 85A-218 South Side Canyon 
WACA 85A-219 South Side Canyon 
WACA 85A-220 NA 7223 North RimOne-Room 
WACA 85A-221 WACA-9 (Gilman) South Side Canyon 
WACA 85A-222 WACA-8 (Gilman) South Side Canyon 
WACA 85A-223 Cherry Canyon 
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