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PREFACE 

This volume summarizes much of the ongoing research in the Middle Little Colorado River 
Valley. This research has recently focused on two projects, both beginning in the mid-1980s. The 
first is the research in the Petrified Forest National Park under the general direction of A Trinkle 
Jones. This project has produced numerous excellent volumes published by the Western 
Archeological and Conservation Center in Tucson. In her contribution, Jones utilizes this rich 
database to evaluate the lengthy, but always sparse settlement of the Petrified Forest. 

With the exceptions of the articles by Cole and Van West, the remainder of the contributions 
are based primarily on information gathered under the guise of the Homol'ovi Research Program, 
Arizona State Museum, under my direction. Although Van West and Cole utilized information from 
the Homol'ovi area, their articles are more synthetic of patterns involving the entire region or 
beyond. 

The impetus for this volume came from a symposium that I organized for the 1993 Anasazi 
Symposium held in Farmington. All but one of the symposium papers appear in this volume, 
including Van West's, in much revised and expanded formats. My thanks to all the authors who have 
endured the more than two years to publication of your ideas. 

When one looks back over the past two decades, it is impossible not to be impressed and 
gratified at the amount of research that has taken place in this long dormant area, the Middle Little 
Colorado River Valley. After all, the last professional work in the Homol'ovi ruins took place a 
century ago, in 1896, when Jesse Walter Fewkes cut his usual swath through the area. Work at 
Puerco Ruin, called Adamana by Walter Hough, had been dormant between 1901 and the 1950s. 
Since the mid-1970s, when the Homol'ovi ruins were literally under seige from pothunters, we now 
have a new Arizona State Park, the Homolovi Ruins State Park, much involvement on the part of 
the Hopi in the survey, excavation, and interpretation of the Park, and an amazing storehouse of new 
knowledge in both areas, Petrified Forest and Homol'ovi. 

We are learning of the amazing diversity of the archaeological record at Homol'ovi, where each 
major pueblo is totally unlike any of the others. We are also discovering that much remains in ruins 
thought for so long to have been pothunted out of existence. Once again, the archaeological record 
has proven to be durable; nevertheless, unbelievable amounts of information were thoughtlessly 
destroyed. 

It is this history that reminds us, as archaeologists, of the tremendous responsibility that we bear 
when we excavate in these, or any other archaeological sites. We too are destroying. We have an 
obligation to record and document to the best of our abilities. We are also obligated to analyze and 
publish the results. This publication is but a small part of the completion of that obligation. 

In addition to thanking all of the authors for their contributions, I wish to thank Sara Chavarria 
for actually formatting and creating the document we see published in these pages. I want to thank 
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XVI 

the staff members of the Homolovi Ruins State Park, in particular its manager from its inception in 
1986, Karen Berggre~ for their continued support in so many big and little ways to make our annual 
summer excavations, that much more enjoyable. 

I wish to thank the Hopi Tribal government for its support of our research at Homol'ovi, in 
particular, Leigh Jenkins and his staff in the Cultural Preservation Office. I also want to thank the 
many Hopi people who have visited the excavations each summer and shared their knowledge of 
the inhabitants ofHomol'ovi and their support and appreciation for our efforts to make available to 
the general public this important part of Hopi history. 

Thanks also to the City of Winslow for its hospitality in welcoming us into their community. In 
particular I want to recognize Lucio (Lou) Ceballos, a community leader, who has remained a 
steadfast friend and supporter through our stay in his community. Within the city limits is the 
Winslow BIA dormitory, our home away from home. With the exception of one year, we have 
stayed in the Winslow dorm since 1986. It is a wonderful, even ideal, location for us to spend our 
summers. Our stay has been made most pleasant the past several years by the dorm principal, Helen 
Higdon. The support of Ms. Higdon and her staff have been essential to our ability to effectively run 
our resarch program. 

One of Ms. Higdon's staff is Rosemary Natseway, head of the food service when the dorm 
houses 150 or more students during the academic year. Ms. Natseway and her son, Darold, have 
cooked for use since 1986. Darold and various of his sisters have made our stays in Winslow very 
"full filling." No project travels very far without good food. 

Support for our research at Homol'ovi has been provided by the Arizona State Museum, various 
grants through the Arizona Heritage Fund and SHPO's Grants-in-aid program, and through 
Earthwatch and its volunteers, the Earthcorps. During seven years ofEarthwatch programs, over 250 
volunteers have participated in our research project. Not only has this support been essential to the 
continued success of the research at Homol'ovi, it has also provided us with many new friends from 
throughout the United States, Europe, Great Britain, Australia, Canada, and Japan. 

Many students and volunteers have worked endless hours on the Homol'ovi Project. Their 
dedication and enthusiasm has made the project a joy each and every season. I want to recognize 
two who have spent every year in the field, Rich Lange and Betsy Marshall. They have contributed 
much in many small ways and I want them to know they are appreciated 

My most profound gratitude goes to my family, Dr. Jenny L. Adams and Nathan Adams. Both 
have endured and occasionally thrived working at my side doing archaeology at Homol'ovi. Without 
their support and energy, ideas, patience, and love, it could not have been accomplished. Words can 
never express the joy and gratitude I feel for their making my life so whole. 

E. Charles Adams 
December, 1995 



Chapter One 

UNDERSTANDING AGGREGATION IN THE HOMOL'OVI 
PUEBLOS: SCALAR STRESS AND SOCIAL POWER 

E. Charles Adams 
Arizona State Museum 
University of Arizona 

Prehistoric Pueblo people (Anasazi and Mogollon) have inhabited the Four Comers area of the 
American Southwest for over two millennia During the period AD. 600 to Spanish contact in the 
1500s, settlements reliant on agriculture fluctuated in size, duration, and social complexity. The causes 
of aggregation in Puebloan groups have been debated for decades. Some have argued that stress is the 
causal agent citing degradation of the environment (Braun and Plog 1982), changing local 
environmental conditions (Leonard and Reed 1993 ), or population-resource imbalance ( sensu Boserup 
1965). Others have argued the opposite, that aggregation occurs during periods when production is 
high, but unpredictable, in which groups cooperate because it is in their own best interest ( Gumerman 
& Dean 1989; Kohler & Van West 1995). 

Whatever the ultimate "causes" of aggregation, it is unavoidable that social changes must have 
occmred to encourage or sustain aggregated settlements. This paper suggests a strategy for studying the 
social aspects of aggregation in the Southwest that promises to aid in the cross cultural study of social 
power in nonstate societies. Social power is defined as the ability to pursue and obtain goals through 
control over other people (Mann 1986:6). Among ethnographic Pueblo groups, social power is obtained 
and maintained through control of agricultural land and ritual (Levy 1992; Whiteley 1985). Recent 
research in the Homol'ovi Pueblos of the Little Colorado River valley provides the data to allow us to 
begin studying social power and related processes of aggregation. 

The Homol'ovi area is appropriate because during its principal occupation, between about AD. 
1260-1400, settlement size and form in the pueblo Southwest changed. The area is also ideal because 
the Homol'ovi Research Program has been gathering data from survey and excavation since 1984 
(Adams 1989a, 1989b; Adams and Hays 1991; Lange 1989, 1994). 

Research by the Homol'ovi Research Program suggests that along with increased settlement size 
came formaliz.ed village plans that were probably a result of shifts in and consolidation of social power 
by segments of the community's membership (cf Upham 1982). Adler (1989, 1990) and Johnson (1982, 
1989) have observed that increasing size and formalization of ritual structures is associated with 
increased settlement size and attempts by nonstate societies to deal with scalar stress. This involves the 
development of added levels of decision makers that disappear when whatever factors causing 
aggregation are relaxecL but that can become permanent if the leaders are able to accumulate and keep 
social power. This paper will investigate possible social causes and consequences of increased village 
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2 E. C. Adams 

siz.e. It is proposed that to cope with the stress caused by aggregatio~ there was a shift in soci@l power 
dwing the 1260-1400 period that allowed the development of permanent decision makers. Levy ( 1992), 
Upham (1989), and Whiteley (1985) have shown that social power in Hopi society, probable 
descendants of the Homol'ovi people, is exercised through control of land and ritual. Thus, it is 
expected that the social power accumulated by these decision makers was based in ritual elaboration 
( see Walker, this volume). There is evidence that this shift was resisted, including unburied and 
mutilated bodies, and that pueblo society was in a state of flux until this power was consolidated by 
1400. This consolidation of social power enabled the establishment of the settlement form, size, and 
location of pueblos that historians recognize as the historic pattem 

Models of prehistoric social organization using analogy to modem Pueblo social organiz.ation have 
been criticized (Upham 1989) as inappropriate due to subsequent extensive contact by Europeans. It 
seems likely that the Homol'ovi people relied on river irrigation of the Little Colorado River floodplain 
for much of their agriculture, a strategy never used by groups occupying the Hopi Mesas (Hack 1942). 
Thus groups practicing river agriculture might provide more appropriate analogues, such as, the eastern 
Pueblos, the Hohokam, or Casas Grandes (Doolittle 1990). Recognizing the unique circumstances that 
may affect the occupants of any area and the practical problems with the uncritical application of 
ethnographic analogy using Pueblos, models borrowed from the study of organiz.ations by social 
theorists and the cross-cultural studies of Adler (1989, 1990) and Johnson (1982, 1989) will be used 
to augment our m1derstanding of the development of social power during this transitional period gained 
through analogy to Pueblo groups. 

Theoretical Considerations 

Debate in the Southwest over complexity has centered on the issue of typology (is it a tnbe- or a 
chiefdom-level culture; Service 1962; Fried 1967), the use of appropriate models (e.g., Plog 1983; 
Upham 1982), or focused on environmental change as prime mover of culture change (Smith 1992). 
Rarely examined, however, are the internal dynamics of social roles, such as the role ·of social power 
in complexity. Social power among prehistoric and modem Pueblo groups is deeply rooted in ritual. 
Because religion has traditionally been defined as a system of beliefs and ideas, its study was deemed 
outside the realm of inquiiy by archaeologists. Even within processual archaeology, ritual and religion 
were separated into the realm of ideology (Binford 1962), best understood through iconography or as 
another mechanism in a culture's adaptation to its environment. It is time to recognize that there is 
"ritual behavior," that such behavior is patterned, and that traces are left in the archaeological record 
(Walker 1995). Traces of ritual activity and the central role that ritual played in prehistoric pueblo 
social systems and in power relations can be discovered in the archaeological record Recognition of 
ritual behavior is an important element in studying social dynamics and power in Southwestern society 
and to gaining an understanding of complexity in cultural systems. There is no question that more 
power accrued to leaders or decision makers in Pueblo societies during periods of aggregatio~ but how 
was it obtained and maintained, and how do we measure it? 

Adler (1989, 1990) and Johnson (1982, 1989) conducted cross-cultural studies of unranked 
societies of varying sizes to determine how they responded to increasing size. As group size in these 
societies increased, there was a reduction in effective information flow through the social system. This 
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effect is termed scalar stress. To counteract scalar stress,· societies added layers of decision-makers so 
that there was a vertical dimension of information flow and a horizontal one. In unranked societies, 
those without formalized leadership positions, vertical differentiation is carried out through elaboration 
of ritual (Adler 1989; Johnson 1982). Group size in the basal levels of the society also grew larger, 
simultaneously maintaining internal compatlbility, while increasing horizontal differentiation between 
the units. Ritual-based leadership used ritual events which needed contexts or facilities, here termed 
integrative structmes, to increase information flow, allowing social integration, and reducing scalar 
stress. Adler (1989) found that the size of social groups covaried with the size of integrative facilities, 
but when an upper limit to .information flow was reached, there were three choices: the group could 
fission; a tier of decision makers could be added, or, ritual could become more formalized in already 
differentiated groups necessitating the development of ritual specialists. Ritual specialization can 
transform a society from one with generalized, temporary hierarchical units that integrate many people 
for special occasions to one with specialized, permanent hierarchical structures linking individuals in 
a series of ranked social categories (Johnson 1982). Control of economically-significant land is also 
critical to obtaining and maintaining social power (Earle 1978) even in the Southwest (Levy 1992). 
Although significant portions of the archaeological correlates to land use are missing in the Homol'ovi 
area due to the extremely active floodplain, patterns of development of floodplain irrigation elsewhere 
in the Southwest can be used to discuss the possibilities of irrigation of the middle Little Colorado 
River floodplain The development of irrigation agriculture is clearly associated with increased size of 
settlements and elaboration of social differentiation. This was probably also the case with the 
Homol'ovi pueblos ( cf Doolittle 1990; Fish and Fish 1991 ). 

Social theorists have long recognized the importance of understanding social power in 
organizations (Azumi and Hage 1972; Blau 1972, 1974; Johnson 1982; Weber 1947). Much recent 
research has focused on the study of organizational systems (Azumi and Hage 1972), a field founded 
by Max Weber (1947) and one that has interested anthropologists who view social systems as 
organizations (Adams 1975; Fogelson and Adams 1977; Johnson 1982; Lipe 1992). Studies of 
organizations consider such factors as structure, efficiency, size, distnbution of power, division of 
labor, competition, integration, conflict, technology, coordination, and adaptation (Azumi and Hage 
1972). Of particular interest to anthropologists is the study of social power. 

The Dimensions of Social Power 

Because the emphasis in this paper is on aggregation, it is paramount to understand the relationship 
of increasing settlement size to social power. Borrowing from Lipe (1992), Blau (1974), Mann (1986) 
and Adams (1975) it is poSSible to outline several dimensions to social power as it relates to settlement 
size. These include scale, differentiation, integration, and intensity. Scale of a community refers to 
its area and population There are two dimensions to differentiation: vertical and horizontal. Horizontal 
differentiation relates to functional differences between parts of the society at equivalent levels; 
whereas vertical differentiation refers to differences in status or access to power between groups of 
people. Integration measures the interdependence of mrits, whether they are cooperative or competitive. 
Intensity is the population or energy use per unit and is dependent on technology, or the ability of the 
group to obtain energy from its environment. Thus to reduce stress associated with increased size or 
scale, a society may differentiate horizontally or vertically, develop integrative measures to cope with 
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differentiation, or intensify production 

These dimensions allow for the measurement of changes in social power within a society in many 
ways. They offer a more diverse means for evaluating the complex phenomenon of aggregation and 
attendant social change, rather than using a simple dichotomy, such as complex versus noncomplex, 
tnba.1 versus chiefdom, ranked versus unranked. By looking at multiple dimensions of the relationship 
between aggregation and social power, it should be possible not only to evaluate if social power is 
increasing, it should also be possible to determine how social power is being applied. 

How are dimensions of social power recognized in the archaeological record? In terms of scale two 
measures are appropriate. First, does village or settlement size increase, decrease, or remain stable 
within a given area? Secon~ does territory enlarge and become better defined? 

In terms ofhorimntal differentiation are there indications of specialmrtion of production? Do the 
base units of society increase in siz.e, as predicted by Johnson (1982) in his sequential hierarchy model, 
and yet retain their internal homogeneity? Are there indications of internal conflict that could result 
from uneven horizontal differentiation, that is, competition between groups at the same social level? 

In terms of vertical differentiation does exchange focus on specific settlements ( directed or supply 
zone behavior) or areas within settlements? Are exchanged products generally or locally available? Is 
there public architecture and how formal (planned and redundant) is it? Are there symbols of office, 
an iconography of status? Typically, higher status individuals have access to more productive land 
Mechanisms, such as markers, may appear to indicate ownership (Preucel 1988). Changes from 
household to corporate ownership may also occur (Adler 1994). In organizations of all types the 
number of administrators increases at a rate slower than the general growth in size. This can be 
manifest by increases in size of base units or by focus of power into the hands of fewer individuals. One 
external factor to studying group dynamics is the understanding of intergroup dynamics. A significant 
by-product of increased scale and differentiation is intergroup confli~ or "warfare." Threats to the 
group from outside can affect vertical differentiation For example, during periods of conflict in Pueblo 
society, war chiefs temporarily take over leadership of the village from the village "chief" 

The dimension of integration involves the resolution of conflict and competition as group size 
increases. It is in this area where effective communication is most critical (Azumi and Hage 1972:313 ). 
Effective communication is the key to reducing scalar stress. Integration within a group involves the 
successful blending of the tendencies toward vertical and horizontal differentiation as the group grows 
larger. Two solutions outlined by Johnson (1982) are termed sequential and simultaneous hierarchies 
and involve mechanisms to increase communication and reduce competition within the group. 
Indicators of increased needs for integration involve construction of group or public facilities, that is, 
facilities used by members of different factions of the group that serve to emphasize the cooperative 
nature of their activities while reducing or channeling the competitive tendencies between the factions. 
Because ritual plays such a major role in integrating nonstate societies, increased ritual activity may 
indicate the accwnulation of social power. This power is held by fewer individuals within a group and 
is a product of the slower growth rate in the nwnber of decision makers compared with the general 
growth rate of the group. Increase in the size and formality of ceremonial structures and in number of 
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symbols (icons) of ritual behavior are two such indicators. Further, one might expect to find examples 
of kratophonous behavior (purposeful destruction of things involving ritual; Walker 1995) as social 
power is developing in a group rapidly growing in size. 

The final dimension, intensity, is measured by increased energy output for the society as a whole 
or per unit ofland controlled by the society. With intensified land use among agriculturalists one would 
expect increased definition of territory, such as shrines or field houses (Kohler 1992; Preucel 1988). 
The application of technology to raise per mrit production would also be expected. In the arid 
Southwest this could translate into more efficient use of water, or "water management," for example, 
the building of irrigation ditches, linear borders, and check dams. Or, it might be manifest in increasing 
use of areas requiring little construction, but more active water management, such as farming "runoff' 
fields and floodplains. Another measure of intensity that ties in to increased size of territory and 
definition of territorial boundaries is the ability to diversify farming. Such diversification is similar to 
the risk management strategies used by the modem Hopi Indians (Hack 1942). 

Applying the ideas presented above should allow determination of the nature of the shift in social 
power required to manage Pueblo N aggregation The data from Homol'ovi will suggest patterns and 
point to profitable lines for future research. 

Aggregation in the Puebloan Southwest and The Homol'ovi Pueblos 

Although settlement size fluctuated considerably in the Pueblo Southwest, some patterns relevant 
to aggregation are still evident. These patterns have been grouped by the following periods: 
Basketmaker III (AD. 500-750), Pueblo I (750-900), Pueblo II-emphasizing Chaco Culture (900-1150), 
Pueblo ill (1150-1275), and Pueblo IV (1275-1400) (Table 1.1). 

Table 1.1 suggests several common themes of aggregation in the Pueblo Southwest. First, there is 
an associated appearance of "communal" structures ranging from the enlarged pit houses of the Pueblo 
I period to the great kivas of Basketmak:er III, Pueblo I, and Pueblo II periods, to elaborated kivas 
(biwalls and triwalls) in Pueblo ill (Lipe 1989) to great house complexes of Chaco sites. Second, the 
elaboration was of a ritual structure, always based on the kiva or its antecedent, the pit house. Third, 
these communal structures were enlarged versions, 1.5 to 4 times the "normal" size of contemporary 
religious structures. Fourth, featmes in these structures and frequently the structures themselves became 
formalized The best examples are the Chaco great kivas and the "ritual landscape" of outlying great 
house sites (Stein and Lekson 1992). Therefore, the association of community aggregation with 
elaboration of ritual structures appears to correlate as predicted by the cross-cultural analysis of Adler 
(1990). 

The Pueblo IV period among prehistoric pueblo people was a time of major change. The onset of 
Pueblo IV (1275) was marked by abandonment of many areas and concentration of remaining 
populations into much more restricted areas (see Cordell [1984] for a detailed discussion of these 
events). At the same time, remaining settlements grew much larger, but were fewer, and distance 
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Table 1.1 
The relationship of prehistoric Pueblo settlement, size, and integrative structure. 

Period Settlement Siu Range of Ritual/Integrative Odier: 
Pattern Largest Villages Features Form~ Burned, etc. 

BWIT dispersed up to 50 pit houses pit house, pit houses frequently 
500-750 greatkiva burned 

PI dispersed to 50-100 rooms; pit house, pit houses occasionally 
750-840 slightly aggregated 10-25 pit houses great kiva burned 
880-925 unit pueblos 

PI aggregated 100-300 rooms; pit house; large pit houses-freq. 
840-880 25-100 pit houses large pit house burned, often assoc. 

bodies, distinctive & 
formal features 

PII (Charo) highly 200-800 rooms small kivas; great outliers & great 
900-1150 aggregated kivas; outlier kivas are highly formal 

complex: great in layout &/or floor 
house, kivas, plaz.as, features; great kivas 
berms, road segments are rarely burned 

PIII aggregated 100-400 rooms small kivas; great village layouts variable 
1150-1275 kivas; bi- & triwall large integrative 

structures; structures - patterned 
enclosing walls but not highly formal. 

informal plaz.as, kivas 
freq. bmned w/ bodies 

PN aggregated 150-500 rooms kivas; great kivas; kivas rarely bmned; 
1275-1325 informal plaz.as great kivas highly 

formalized 

PN highly 400-1000+- rooms small kivas; large kivas occasionally 

1325-1400 aggregated kivas, formal plaz.as burned & occas. 

have bodies 

References: 
BMIII: Roberts 1929; Wills and Windes 1989 
PI: Bretemitz 1993; Bretemitz et al. 1986; Brew 1946; Kohler & Van West 1995; Lipe 1989, 

1992; Wilshusen 1989, 1991; Roberts 1939 
Pll: Bretemitz et al. 1982; Judge 1989, 1991; Lekson et al 1988; Powers et al 1983; 

Sebastian 1991; Toll 1985; Vivian 1990; Vivian &Mathews 1965 
PIII: Bradley 1992; Dean 1970; Kintigh 1985, 1990; Longacre 1964; Rohn 1983 
PN: Adams 1991a; Adams & Hays 1991; Adams et al. 1993; Kintigh 1985, 1990; Longacre 

1964; Martin et al 1964; Wendorf & Reed 1955 

between settlements increased (Adams et al. 1993). 

With growth in settlement size came change in layout. By 1350 nearly all pueblos, which ranged 
in size from perhaps 100 rooms to over 1000 rooms, had enclosed rectangular plazas. As I have 
proposed elsewhere (Adams 1991a), these plazas may have functioned as large, ritually-based 
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integrative facilities that enabled the newly aggregated communities to cooperate and ensure their 
continued existence. This assumption, however, remains largely untested. What is known is that village 
siz.e increased between 500 and 1000 percent between 1250 and 1350. Organizational theory suggests 
that such an increase in siz.e demands social adjustments to cope with scalar stress (HalL Johnso~ and 
Haas 1967; Johnson 1982). These Pueblo IV communities fomid a successful solution to their problems 
of scale, because the settlement size and layout achieved in the 1300s continued into the historic period 

The Homol'ovi pueblos, which date to Pueblo IV, have been chosen to study scalar stress 
( aggregation) and related social power. Ceramics and settlement form suggest that all the pueblos were 
built by immigrants into the area (Table 1.2). They were apparently attracted to the middle Little 
Colorado River Valley because of the nearly perennial flow of the river through a 2-4 km wide 
floodplain suitable for agriculture. Substantial archaeological research has already been conducted on 
the pueblos (Adams 1980, 1989a, 1989b; Adams and Hays 1991; Andrews 1982; Hantman 1982; Lange 
1989, 1994; Weaver, Dosh, and Miller 1982) including five years of excavations at the 50-room pueblo 
of Homol'ovi III (Adams 1989b ), one year at the 150-room pueblo of Homol'ovi IV, and five years at 
the 1200-room pueblo ofHomol'ovi II (Adams 1989b; Adams and Hays 1991). Fifteen radiocarbon 
samples and tree-ring dated ceramics suggest the following chronology: Homol'ovi III was occupied 
from about 1280-1300 and reused seasonally from about 1330-1375, probably by inhabitants of 
Homol'ovi Il (Adams 1993), Homol'ovi N was occupied from about 1260-1280 (Bubemyre 1993), and 
Homol'ovi II was occupied from about 1330-1400 (Adani's 1996). Surface collections from the other 
major pueblos, Homol'ovi L Chevelon Ruin, Jackrabbit, and Cottonwood Creek Ruin, suggest all were 
founded in the late 1200s with Cottonwood Creek and Jackrabbit occupied to about 1350 and the others 
to 1400 (Adams 1996; Lange 1994). 

Table 1.2 
Statistics for pueblos along the middle Little Colorado River. 

PUEBLO SIZE- DA1ES POPUL. PLAZAS CERAMICS 
ROOMS SOURCE 

Homol'ovil 700 1280-1400 East-Silver Creek informal-early WMRW,WOW 
formal - late JYW-late 

Hontorovill 1200 1330-1400 North-Hopi three formal JYW 
Homol'oviID 50 1280-1300 East-Silver Creek none WOW,WMRW 
Homol'oviN 150 1260-1280 North-Hopi none WOW,JOW 
Cottonwood Cr. 100 1280-1350 East-? formal - late WOW, 

JYW-late 
Chevelon 500 1280-1400 East-Silver Creek informal-early WMRW,WOW 

formal - late JYW-late 
WMRW-White Mountain Red Ware made in 'the Silver Creek area; WOW-Winslow Orange Ware made locally, JYW-Jeddito 
Yellow Ware made on 1he Hopi Mesas; JOW-Jeddito Orange Ware made in 1he vicinity of1he Hopi Mesas. Ceramic data utilize 
only decorated types and are based on inventories of whole or partially reconstructable vessels from HRP excavations at 
Homo}' ovi Il, Homol' ovi Ill, Boniol' ovi N, and excavations by Fewkes at Chevelon and Homol' ovi 1 

In terms of a general culture history of the Homol'ovi area, the following reconstruction is most 
compatible with the data. About 1260 the small pueblo of Homol'ovi N was established near the 
floodplain. It grew from a pueblo of less than 50 rooms to one having at least 150 rooms at the time 
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of its abandonment Ceramics, settlement, roo~ and household pattern all suggest that the builders and 
subsequent immigrants originated from the vicinity of the Hopi Mesas (Bubemyre 1993). 
Paleoenvironmental evidence suggests that the floodplain became more suitable for farming at this time 
due to reduced stream flows and the lessened threat of damaging floods (Kolbe 1991). Besides com, 
cotton may have been a principal crop. Macrobotanical remains show that cotton was an important 
agricultural crop in the floodplain (Miksicek 1988). 

About 1275-1280 five pueblos were established at nearly equal spacing (6-8 km apart) south and 
east of Homol'ovi N including Homol'ovi IIL Homol'ovi L Chevelon, Jackrabbi~ and Cottonwood 
Creek. Ceramics suggest that the inhabitants of each came from the east, most likely Siver Creek 
drainage of the upper Little Colorado River (Hays-Gilpin and Lyons 1996; Lange 1994 ). Homol'ovi 
N was probably abandoned before or caused by the arrival of the immigrants from the east. Settlement 
size in the late 1200s ranged from 50 rooms at Homol'ovi ID to perhaps 200 rooms at Chevelon and 
Homol'ovi I. Their location suggests that the floodplain continued to provide exceptional opportunity 
for fanning. The Silver Creek immigrants may have brought irrigation technology to help harness the 
river (Bandelier 1970:75-81; Danson 1957:63). The equidistant spacing of the pueblos is reminiscent 
of spacing among Hohokam settlements along canal segments to the Salt and Gila Rivers in the 
Phoenix Basin (Fish and Fish 1991:163; 1994). Equidistant spacing is the best indirect evidence of 
canal irrigation in the middle Little Colorado River valley. 

In the first decade of the 1300s to about 1335, the floodplain became more difficult to farm due to 
increased streamflow(Kolbe 1991). This apparently caused the abandonment ofHomol'ovi ill (Adams 
1989b) and may have encouraged expansion of farming into the lower segments of side drainages and 
along the margins of the Little Colorado River valley floodplain, which were available to occupants of 
Homol'ovi L Chevelon, and Cottonwood Creek pueblos (Lange, this vohnne). These side drainages 
were probably critical to the ability of the pueblos to maintain themselves when the floodplain was 
prone to flooding. Flooding has increasingly been suspected of causing or contnbuting to the 
abandonment of Hohokam canal segments and the Hohokam settlements themselves (Graybill 1989). 
Due to lack of excavation at any of these three pueblos since the time ofFewkes (1898a, 1904), it is 
unclear how they grew between 1280 and abandonment 

Homol'ovi TI was established downstream from the other pueblos as the floodplain once again 
became available for intensive farming in the 1330s (Adams & Hays 1991; Kolbe 1991) (Figure 1.1). 
Homol'ovi Il apparently was buih quickly and its formal layout arolllld three rectangular plazas suggests 
extensive planning. It is possible that the settlements at Chevelon, Homol'ovi L Jackrabbit, and 
Cottonwood Creek added their formal rectangular plazas at this time (1330-1350), but a single test in 
a room in the south (formal) plaza at Homol'ovi I found the base assemblage to be without yellow ware, 
suggesting a pre-1330 date. This indicates that the size and structure of the other pueblos were 
established prior to the construction of Homol'ovi II. 

Social Power at Homol'ovi 

There are many indicators in the Homol'ovi database that point to significant changes in social 
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power and social relations within the various pueblos over the approximately 150-year pueblo 
~\ 

occupation To better evaluate these changes, I have divided the pueblo period into three "phases." The 
earliest phase dates 1260-1300 when the settlement pattern consisted of five small to medium pueblos 
of 50 to perhaps 200 rooms. The middle phase, 1300-1330, witnessed the reduction in number of 
pueblos to four and their probable increase in size. Formal plazas associated with these three pueblos 
were probably constructed during this phase. The late phase, 1330-1400, begins with the establishment 
of Homol'ovi II and ends with abandonment of the area. During this phase all pueblos have enclosed 
rectangular plaz.as. Homol'ovi I and Chevelon may have continued to grow in size whereas Homol'ovi 
II certainly grew during this period Table 1.3 compares each phase with the various dimensions of 
power outlined earlier. 

DIMENSION 

Scale 

Horiz.onml 
Differentiation 

Vertical 
Differentiation 

Integration 

Intenmty 

Early Phase: 
Middle Phase: 
LatePhase: 

~ 

Table 1.3 
Dimensions of social power and their expression at Homol'ovi. 

EARLY PHASE MIDDLE PHASE LATE PHASE 

50-200rooms 

houscllold-level 
shell, pottery, some 
obsidian & cotton; 
multiple kivas; 
rooms/kiva = 10-35 
greatkiva 

great kiva 

100-?? rooms 

???? 
informal plaza? 
???? 

informal plaza? 

field houses field houses & 
increased area of 
Janduse 

1260-1300; H1, ID, H4, Cottonwood Creek, Chevelon 
1300-1330; Hl, Cottonwood Creek, Chevelon 
1330-1400; Hl, H2, Cottonwood Creek, Chevelon, H3 reused 

400-1000 rooms 

extensive exchanged pottery & 
obsidian at household level; cotton 

at multiple household level; 
multiple kivas; 
rooms/kiva ratio= 25-50 
formal plaza, large kiva; 
macaws, copper bells, bird burials 
planned village layout 
kratophonous deposits; burned 
kivas; katsina iconography 
formal plaza, large kiva 

field houses, field & boundary 
shrines, water diversion & 
irrigation? 

Village size increased from the earliest to the latest phase. Apparently during the late phase, the 
area under cultivation expanded considerably and formal land boundaries marked by shrines and field 
houses first appeared These developments suggest problems of scale were being experienced by 
Homol'ovi pueblo occupants and that attendant reactions to scalar stress should show~ the other 
dimensions. 

Horizontal Differentiation 
Cotton production is indicated by the presence of seeds in most flotation samples analyzed from 

Homol'ovi II and Homol'ovi ill (Miksicek 1991) and the presence of multiple sets of anchors for 
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vertical looms in five of the eight excavated kivas with intact floors at the two pueblos. Also, exchange 
items, which include pottery and obsidian, are distributed across all areas of the pueblo, indicating that 
production and exchange were focused at the basal mrit of production (household, integrative [kiva] 
or economic [landholding] unit) and a lack of horizontal differentiation or specialization. Exchanged 
items are much more common in the large pueblos than in their smaller counterparts from the earliest 
phase (Adams and Hays 1991). 

Vertical Differentiation 
From a different perspective, the presence of looms in most integrative structures (kivas) could be 

a product of higher level administrative control of production, which caused the leveling or 
equivalence of each kiva group in cotton production. The notable difference in kiva size, ranging from 
5 - 60 sq m at Homol'ovi II, could reflect vertical differentiation. Products of long distance trade are 
more likely to be higher status due to their relative scarcity. The presence of macaws and copper bells 
exclusively in late phase deposits may indicate some vertical differentiation, or access to social power 
being restricted to fewer people. Additionally, it appears that the occupants of Homol'ovi II were 
controlling the distnbution of Jeddito Yellow Ware to the other pueblos during the late phase (Adams 
et al. 1993). Together with the planned layout ofHomol'ovi II, this suggests considerable control and 
exercise of social power (Table 1.3). The greater concentration of katsina iconography on rock art and 
in a kiva mural at Homol'ovi II implies that social power was being controlled through the elabortion 
of ritual (Adams 1991a; Cole 1992; Pond 1966). 

Integration 
Early phase settlements, such as Homol'ovi ill and N, used either kivas or great kivas to facilitate 

community integration. The great kiva at Homol'ovi III is a formal structure involving a considerable 
investment of labor. It is unclear how middle phase villages were integrated. It is possible that informal 
plazas or enlarged religious structures served this role mitially; however, enclosed plazas were 
apparently in place by the end of this phase. In the late phase at Homol'ovi II integration was achieved 
with fonnal enclosed plazas containing ritual structures and into which all households apparently faced 
(Adams 1991a). Kivas of different size and formality exist at Homol'ovi II. These differences are 
related to a complex interaction among factors of time, function, and group size. Older kivas are 
usually smaller and less formal than later ones; however, the largest kiva is also early. Similarly, the 
smallest kiva was clearly specialized and could have held only four to six people. It would appear that 
differentiation among kivas is related to differences in social power within Homol'ovi II society. 
Control of power at Homol'ovi II is also suggested in the disposal or termination of use of these ritual 
structures. All were burned at the end of their use-life or their use-life was ended by the disposal of 
human bodies, some mutilated or apparently killed by violent means. The human remains suggest 
internal strife rather than endemic warfare or other levels of intervillage hostilities. Lack of excavations 
in the plaza and late phase kivas at Chevelon, Cottonwood Creek, Jackrabbit, and Homol'ovi I makes 
it imposSible to evaluate how social power developed, was enforced, and related to changes introduced 
at Homol'ovi II. 

Intensity 
Apparently land use changed through time. Construction of water management systems in the 
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floodplain would have been mandatory to sustain population of the size, number, and complexity of 
the Homol'ovi pueblos. The distribution of early and middle phase farming as interpreted fr9m survey 
data ( see Lange, this volume) suggests all agricultural activity was focused on the floodplain or the 
lower reaches of side drainages and included significant amounts of cotton, second only to com 
(Miksicek 1988). During the late phase, there was a dramatic shift with field locations outside the 
floodplain becoming numerous, extensive, and increasingly distant from the primary pueblos. In 
response to this expansion in agriculture we see the first construction of field houses dating to the late 
phase. Field houses were apparently being used to demarcate ownership (Kohler 1992; Preucel 1988). 
Construction of field houses in areas close to some of the best farm land outside the floodplain, may 
suggest the two are related. 

Adams (1993) suggests that Homol'ovi ill was reused after 1330 first as a field house and later as 
a farming village by the inhabitants of Homol'ovi Il. The recovery of two macaws from late phase 
( farming village-associated) deposits at Homol'ovi III, which lies in rich floodplain farm land near 
Homol'ovi II, suggests differential access to farm land with better land being controlled by individuals 
holding more social power. The late phase construction of shrines associated with fields and on 
landforms associated with Homol'ovi Il implies increased ritual involvement in late phase land and 
boundary definition (Lange 1989). Thus, it seems that land use intensified during the late phase and that 
the exercise of social power was tied to land during the late phase. Apparently agriculture was focused 
along or in the floodplain (Lange 1994). Increased size of the village and available labor pool suggest 
intensification in the floodplain, probably involving canals or irrigation. As noted earlier, this 
technology could have been imported from upper Little Colorado River communities where it was 
present in the late 1200s (Bandelier 1970; Doolittle 1990). 

Conclusions 

Because the Homol'ovi area was apparently unoccupied, immigrants were able to situate their 
pueblos to take advantage of floodplain farm lands and permanent water. The five pueblos established 
about 1280 may have each consisted initially of about 20-100 rooms with associated kivas. They were 
~ 6-8 km apart from Homol'ovi ill on the west to Jackrabbit Ruin on the east, a distance of 30 km. 
Ceramics and architecture establish the immigrants as from the Silver Creek drainage of the upper 
Little Colorado River (Adams 1993; Hays-Gilpin and Lyons 1996). Their purposes for moving to 
Homol'ovi may have been territorial, may have involved expanding agricultural niches for exchange 
to their homeland, may have been due to overflow population, or may have been to secure production 
of cotton There is evidence that cotton was grown by these early settlers (Miksicek 1988). Land 
ownership probably necessitated the even spacing of the settlements. The 6-8 km segments of the 
floodplain ( over 1200 hectares each) could have grown enough food and cotton to sustain any of the 
settlements. Interestingly, for the Phoenix Basin, average irrigated acreage per classic period platform 
mound group is about 1000 hectares (Fish and Fish 1991:165). Whether irrigation or simple diversion 
of water was used in the Homol'ovi area is unknown; however, irrigation technology was available and 
the spacing of pueblos is similar to that between settlements along irrigated segments of rivers in the 
Phoenix basin (Bandelier 1970; Doolittle 1990; Fish and Fish 1991; 1994). 

From 1300 to the 1330s, the river behaved very differently than previously (Kolbe 1991 ). The onset 
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of the period was very w~ averaging above normal. Many deep layers of river mud on the floors of 
rooms and kivas ofHomol'ovi ill suggest that flooding caused the abandonment of the pueblo. Pueblos, 
such as Homol'ovi I and Chevelon, located above the flood waters and with access to secondary 
farmland not in the floodplain, seem to have remained occupied and perhaps even grew with the 
addition of more immigrants or occupants of abandoned pueblos like Homol'ovi III. We know little 
about this period, the middle phase, because excavation has focused on the early and late phases. It may 
be during this period that communal spaces, or informal plaz.as, are first developed to cope with 
population growth. This suggests the development of suprahousehold organizational units and 
ultimately a level of pennanent decision makers using ritual to integrate the larger settlements that were 
beginning to grow during the early 1300s (Adams 199 la). Such changes are predicted using models 
of scalar stress and organizational theory. More permanency in leadership would also have developed 
with the construction and management of irrigation systems to water the floodplain during the early 
phase. The cooperative labor intensity of irrigation as it expanded together with population growth 
would require such permanent leadership (Leonard and Reed 1993 ). Models from the Hohokam offer 
the best understood analogues, although Pueblo settlements along the Rio Grande contemporary with 
Homol'ovi might ultimately prove most comparable (Fish and Fish 1991; 1994). Analogues to modem 
Pueblo groups, such as Cochiti (Lange 1959), or Mormon communities (Lightfoot 1984) along the 
Little Colorado may or may not apply. 

The period 1335-1355 represents a shift to the late 1200s pattern of below normal stream flow. A 
return to farming the floodplain probably occurred. Homol'ovi Il was established at the onset of this 
period, defining the late phase. Unlike the other pueblo settlements, Homol'ovi II was planned and built 
in a very brief period, probably at most a few years. Homol'ovi Il is also unique in that almost certainly 
its occupants came from the north, Hopiland The immediate local response was the use of yellow ware 
to the apparent exclusion of other decorated wares at all middle Little Colorado River settlements. 

Such a response suggests political dominance by Homol'ovi II. Why and how was this achieved? 
The occupation of the middle Little Colorado River does not seem related to the dynamics of 
environmental change in the late 1200s (Dean et al. 1985). Both the upper Little Colorado at Zuni and 
the Hopi Mesas areas continued to be occupied during and after the Homol'ovi occupation and the Hopi 
area was apparently able to absorb the Homol'ovi populations after the area was abandoned (Adams 
1996). Therefore, the occupation and shifting orientation of exchange were due primarily to political 
rather than economic and environmental change. Evidence suggests that what was being contested was 
access to and control of the production of cotton (Miksicek 1991 ). Therefore, the ability to muster the 
social power to control the large population at Homol'ovi II may have provided a critical political and 
social advantage over neighboring pueblos. 

The shift to a drier pattern with less stream flow implies that more of the floodplain could have 
been devoted to agriculture with conditions on the :floodplain particularly favorable to the production 
of cotton. The suddenness of the arrival of Homol'ovi II with its great size, and the apparent high 
organizational level needed to plan and build it, indicates that the prehistoric Hopi wanted to control 
cotton production in the rich Little Colorado River drainage. The historic pattern discovered by the 
Spanish showed the Hopi to be dominant in production, manufacture, and distnbution of cotton textiles 
among the western Pueblos and their nonpueblo neighbors (Brew 1949; Coues 1900). It is likely that 
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the cotton-producing area of Homol'ovi now pushes this pattern back 200 years earlier. E~ion of 
agriculture into upland areas and side drainages away from the floodplain following the arrival of 
Homol'ovi II (Lange 1994) was probably due either to the food requirements of an expanded population 
in the area created by Homol'ovi IL or to the concentration of cotton agriculture in the floodpl~ which 
is the only place it could be grown, relegating com to the non-floodplain areas. 

The how part of the equation is more difficult to llllderstand. It is clear from the massive and 
formaliz.ed construction of Homol'ovi II that its population was larger and its leadership more organized 
than its Homol'ovi I and Chevelon cmmterparts. The predominance of katsina iconography in pottery, 
rock art, and probably in kivas at Homol'ovi II suggests a ritual basis to this organization and 
dominance (Adams 1991a). In the Hohokam area, during the classic period the largest sites were at the 
ends of canal segments and this seems to be the case at Homol'ovi, assuming canal irrigation was the 
predominant method of converting the floodplain to agriculture (Fish and Fish 1991: 163). Homol'ovi 
II is at the widest area of the floodplain and would be at the terminus of any canal segments. Bedrock 
tmdemeath the floodplain ends between Homol'ovi I and II allowing the river water to disappear below 
the surface probably making irrigation into the Homol'ovi II area mandatory for survival (Kolbe 1991). 

The abandonment of the region about 1400 is difficult to explain (Adams 1989b ). It could be that 
there was an overcommitment to cotton production, or that there was an unsustainable loss of non
floodplain farmland used to grow corn, or that the exchange patterns among the several pueblos in the 
region could not be maintained resulting in both an economic and a political collapse, as suggested by 
Upham (1982). A different twist could be that political fortunes at Hopi shifted. The Homol'ovi tie to 
Hopi seems to focus on A watovi (Bishop et al. 1988). Perhaps the construction of Moenkopi 60 km 
west of Third Mesa in the 1400s represents a substitute or even a shift in cotton production from 
Antelope to Third Mesa and from Homol'ovi to Moenkopi. Finally, it may be that more drought-tolerant 
strains of cotton were developed allowing the Hopi to grow cotton more effectively in their homeland, 
as noted by early Spanish explorers (Brew 1949). Abandonment ofHomol'ovi could even be due to 
something as simple as too much water. Devastating floods are suggested for four years in the early 
1380s. If the Homol'ovi system relied on irrigation ditches for farming, the constant loss and need for 
repair of these systems could have caused their ultimate abandonment. 
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Chapter Two 

MODELING PREHISTORIC AGRICULTURAL STRATEGIES 
AND HUMAN SETTLEMENT IN THE MIDDLE LITTLE 

COLORADO RIVER VALLEY 

Carla R. Van West 
Statistical Research, Inc. 

Introduction 

In AD. 1280, when many portions of the Southwest had been abandoned by prehistoric 
agriculturalists, populations were moving into the middle Little Colorado River valley and establishing 
villages on and adjacent to the life-sustaining river. For the first time since fanning peoples had lived 
in this arid portion (less than 250 mm annual precipitation) of the Colorado Plateau, settlements 
represented the homes of hrmdreds of full-time residents rather than the temporary or seasonal 
occupations of a few individuals or a limited number of cooperating households. Significantly, this 
aggregation was a time of persistent drought and a time when such conditions were widespread across 
the Southwest Why did the middle Little Colorado River area attract immigrants at this time, and 
equally important, why was the middle Little Colorado area so sparsely settled prior to that time? 

In this paper, a model of Formative Period settlement change for the middle Little Colorado River 
valley is presented, tested, and evaluated. The model is built on the assumption that the Little Colorado 
River and its floodplain represented the main draw for settlement in the region and that they were 
particularly attractive in dry and droughty times. It is also assumed that the floodplain was always the 
primary locus of agricuhural activities in this region, although it is recognized that forms of dry and 
runoff fanning were practiced in non-floodplain settings, as well (Lange 1989, nd). In addition, 
residential settlements, whether of short-term or long-term duration, are assumed to have been located 
close to those areas that produced the most reliable yields for the times. In essence, the model predicts 
that for most of the prehistoric record of agricultma1 peoples in the middle Little Colorado River valley, 
agricultural practices and settlement were related directly or indirectly to the behavior of the Little 
Colorado River. As a consequence, the basis of the model is a proxy reconstruction of the Little 
Colorado River streamflow, rather than a reconstruction of the local climate or local soil moisture 
conditions of the middle Little Colorado River valley itself 

The study described here is an extension and a refinement of a study reported earlier (Van West 
1993, 1994a). The original research was an attempt to understand why a river terrace overlooking the 
floodplain of the Little Colorado River near Holbroo~ Arizona was occupied intermittently and for 
various lengths of time between the Basketmaker III and early Pueblo III time periods (AD. 450-1200). 
As with this study, tree-ring based reconstructions of prehistoric streamflow values were used to 
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establish when the floodplain of the Little Colorado River would have been suitable for agricw,ture and 
when alternative non-floodplain methods would bave been successful. Periods of relative dryness were 
assumed to have been conducive to using the floodplain for fields and for establishment of residences 
along its margins. By contrast, periods of relative wetness and :frequent floods were assumed to have 
been inimical to floodplain agriculture and favorable to forms of dry and runoff farming outside of the 
floodplain zone and would have promoted settlement and farming elsewhere. The expectations of the 
model were applied to a sample of tree-ring dated sites in the region adjacent to and incorporating the 
middle Little Colorado River area (Robinson and Cameron 1991 ), to survey data from the Hopi Buttes 
locality (Gmnennan 1988a; Gumerman and Skinner 1968), to early survey data from Homolovi Ruins 
State Park (Lange 1989), and to the multiple occupations of the Archer Site (AZ P:4:22 ASM) in 
Holbrook (Van West 1994a). Overall, the model performed well in suggesting which types of 
cultivation strategies would have been successful during different time intervals. It also was able to 
suggest likely occupation intervals for substantial settlements established on or adjacent to the middle 
Little Colorado River floodplain. Given the preliminary success of that first modeling attempt, similar 
methods were employed in this study. 

Modeling Agricultural Strategies and Settlement in the 
Middle Little Colorado River Valley 

The model presented here draws heavily on the concepts and relationships described in the 
"Anasazi adaptive systems model" developed by Dean (1988a) and his colleagues (Dean et al. 1994; 
Euler et al. 1979; Plog et al. 1988). In that model, three general classes of variables - environmental 
demographic, and behavioral - are identified The interaction of these three classes, as they relate to 
each other through the concept of carrying capacity, defines the adaptive system at any given time. 
Underlying the entire conceptual scheme is the belief that ''prevailing environmental conditions limit 
the number of individuals that can be supported by a particular subsistence technology " (Dean 
1988a:27). Culture change occurs when the ''boundary conditions" that regulate the systemic 
relationships between population size and required resources (that is, "carrying capacity") are exceeded 
Although all three classes of variable are capable ofbeing either independent (that is, the stimulus or 
cause) or dependent (that is, the response or result) factors. Dean argues that environment and 
demography most often act as the independent variables and behavior most often acts as the dependent 
variable in analyses of culture change. 

Dean documents that these environmental, demographic, and behavioral domains are inherently 
characterized by considerable temporal and spatial variability, and that it is the interplay of these 
dynamic factors that results in cultural stability or change. Each may be characteriz.ed as having one 
of two basic types of frequency stmctmes: low frequency or high frequency patterning. Low frequency 
processes (LFP) have periodicities longer than one human generation, about 25 years. High frequency 
processes (HFP) have shorter periodicities on the order of years, seasons, or "events." Changes in 
regional water tables, the deposition and erosion of floodplain sediments, and the distribution of plant 
communities are examples of LFP environmental variability. In contrast, changes in seasonal climatic 
patterns, annual streamflow, and rapid change in the size and distribution of certain plant and animal 
species are examples ofHFP environmental variability. 
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According to Dean (1988a\ hmnans do not perceive LFP environmental changes because they often 
occur so slowly and that populations consider these conditions to be the predominant and stable 
processes of their environment. When LFP changes do occur, however, they can be severe and may 
require behavioral adaptations ( for example, technological innovations, population movement or 
redistnbution, or social reorganization), especially when population is high or approaching local 
carrying capacity under a given subsistence regime. In contrast, environmental changes caused by HFP 
are quite perceptible and are considered within the range of usual variation experienced by a 
population Consequently, it is to HFP variations in climate and resource availability that human 
populations regularly respond with behavioral strategies such as food-storage, exchange systems, and 
water-control technology. 

LFP demographic variability is defined as the trend in population size over two or more 
generations. It is a measure of population size and it tracks population growth or decline. HFP 
demographic variability is the short-term fluctuation of population size around a long-term trend HFP 
demographic variability may be deliberate (for example, birth spacing, abortion, infanticide, 
emigration) or non-intentional (increased mortality due to disease, malnutrition, starvation, and the 
effects of warfare). 

LFP behavioral variability is a concept that represents the "tremendous inertia of tradition, or the 
tendency toward intergenerational continuity in human societies" (Dean 1988a:33). HFP behavioral 
variability is the store of knowledge for creative-problem solving that allows populations to modify 
their responses to predictable environmental fluctuations and demographic consequences. This is what 
maintains flexibility and stability in any sociocultural system. 

Using data generated previously by Dean and his colleagues, Dean specified those combinations 
of low- and high-frequency environmental and demographic processes that will most likely result in 
archaeologically visible culture change and those that will not. They are ranked by the severity of their 
effect and whether they will clearly result in changes in cultural behavior. Combinations predicted to 
cause culture change are observable in periods when: (1) major LFP enviromnenta.1 changes occur when 
population size is near the upper limit of its current carrying capacity; (2) population size grows beyond 
the limit established by the prevailing environment and subsistence practices; and (3) HFP 
environmental fluctuations occur when population is high and the system is near carrying capacity. 
Combinations predicted to result in reasonable cultural stability occur in periods when: ( 4) LFP 
transfonnations take place and affect a subsistence and settlement system well-below carrying capacity; 
( 5) HFP environmental fluctuations occur when a population is well-below carrying capacity; and ( 6) 
any combination of demographic and behavioral variables when an adaptive system is within its 
carrying capacity (Dean 1988a: 36-44). 

Paleoenvironmental Data 
Southwestern archaeologists working with Formative Period remains are frequently blessed in 

having access to long sequences of tree-ring data. Ring-width data are sensitive to precipitation and 
temperature conditions and can be used for high resolution retrodictions, given known relationships 
between historic tree-growth and a variety of environmental conditions. These commonly include 
seasonal patterns of precipitation and temperature, soil moisture, and seasonal or annual patterns of 
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streamflow(forexample, Dean and Robinson 1977; Graybill 1989; Rose et al. 1982; Van West 1994b). 
Once established with instnnnented data and statistically tested as appropriate, the cal!brated 
relationships may be expressed mathematically and reconstructed with regression-based techniques for 
the prehistoric and noninstrumented portion of the tree-ring record 

In this study, newly available streamflow reconstructions for the Salt, Tonto, and Verde Rivers 
were combined and used as a proxy for long-term trends in the annual streamflow of the Little 
Colorado River. These data were developed by dendrochronologists Donald Graybill and Gary 
Funkhouser of the Laboratory of Tree-Ring Researc~ University of Arizona and were provided to me 
by Gary Funkhouser. They replace older data for the Salt and Verde rivers developed by Graybill for 
the Las Colinas Project (Graybill 1989)that applied only to the AD. 740-1370 and 1800-1979 periods, 
but are drawn from a similar set of northern and central Arizona tree-ring chronologies. The Salt and 
Tonto reconstructions were developed from averaged residuals derived from the Grasshopper and 
Central Mountains North archaeological chronologies (GRCMN) and the Grasshopper and Showlow 
(Sitgreaves Gravel Pit) living tree-chronologies ( Bannister et al. 1966; Dean and Robinson 1977; 
Graybill 1989:27). The Verde reconstruction was developed from averaged residuals derived from 
archaeological chronologies from the Flagstaff area and in various locations in Arizona quadrangles 
''N,"and "O" (AZNOF, see Graybill 1989:27) and from living-tree chronologies from Walnut Canyon, 
Slate Mountain, and Dry Creek (Funkhouser 1994, personal communication; Graybill and Rose 1992). 
The Salt, Tonto, and Verde reconstructions were combined and averaged to emphasize the trends in 
streamflow and regional climate in east-central Arizona that control the flow of the Little Colorado 
River and its principal tnbutaries. The merged data strongly reflect fluctuations in the winter 
component of annual precipitation (October through March) and consequently the concomitant 
variation in winter and spring peak streamflow events. Individually and co1lectively, the 
reconstructions are more influenced by winter Pacific-origin storms that reach the highlands of central 
and east-central Arizona than the summer monsoonal storms that originate farther south and east in the 
Gulf of Mexico. 

The combined streamflow data now are continuous from AD. 572 1 through 1985, and they 
incorporate the late fourteenth and fifteenth centuries when the large villages of the Homol'ovi area 
were occupied and abandoned. As in my earlier study (Van West 1994a ), these proxy data were used 
for two reasons. First, no long-term reconstruction of Little Colorado River streamflow has yet been 
attempted, and second, the combined flows of the Salt and Verde rivers have been demonstrated by 
Kolbe (1991) to track basic trends in streamflow for the Little Colorado River. Significantly, the flows 
of all three rivers are dependent on similar climate and precipitation in the Mogollon highlands. Kolbe 
found that the annual discharge of the Little Colorado River correlated better with the combined 
discharge of the Salt and Verde than with either river alone. Although unexplained by Kolbe, this 
occurs because combining data will necessarily emphasize the widespread effects of east-central 
Arizona climate on streamflow and deemphasize the unique flow characteristics of each riyer. For 
similar reasons, the newly available streamflow reconstruction data for Tonto Creek were incorporated 

1 Lower confidence is attached to the pre-A.D. 740 portion of the streamflow reconstruction because there are relatively 
few tree-ring specimens that represent this time interval. lt was used in this study in a provisional manner so as to generate 
expectations for the early occupations in the Homol'ovi areas that otherwise would be isolated. 
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as well. Of the three drainages, Tonto Creek is clearly the smallest contnbutor, but its shared 
headwaters in the Mogollon highlands supports its use in the composite reconstruction. 

To demonstrate that the proxy data set was appropriate for the middle Little Colorado area, the 
agreement between the reconstructed streamflow record for the recent historic period and documented 
accomits of climate, floods, and introduced vegetation in the middle Little Colorado River area were 
examined (Van West 1994a: 215, 218-219). Historic remarks cited in Petersen (1973), Lightfoot 
(1980), Hereford (1984), Ferg (1988), Abruzzi (1989), and Kolbe (1991) were available for the 
post-AD. 1873 period and accorded well with the proxy reconstruction. Therefore, it was concluded 
that these data were sufficiently robust to faithfu.lly reflect trends in annual streamflow patterns for the 
Little Colorado River. Not unimportantly, winter, not summer, moisture is the stronger component of 
annual stream discharge and the source of most annual variability in precipitation. As a consequence, 
this record also reflects general trends in cool season moisture, which has a profound effect on soil 
moisture and runoff necessary for successful dry and floodwater farming practices. 

Data Development 
The Salt-Tonto-Verde streamflow data obtained from the Laboratory of Tree-Ring Research were 

provided as a continuous set of values, where each value represented the reconstructed annual estimate 
of the August through July flow measured in millions of acre feet per year for the AD. 572-1985 period 
(Appendix A). To facilitate analysis and the model building process, a mean and a standard deviation 
for the entire series were taken, and each annual streamflow estimate was converted to a Z-score. 
Figures 2. la - e plot these values for the periods of interest. Here the long-term mean value is depicted 
as zero, positive values (generally wet and cool years that result in wider tree-rings) are plotted above 
the zero-line in standard deviation units, and negative values (generally dry and warm years that result 
in narrower tree-rings) are plotted below the zero-line in standard deviation units. Trends in these data 
prior to AD. 740 are less secure than data from after that time, due to limited sample depth (that is, few 
ring-width specimens cover the early part of this record). 

Next, the prehistoric period of interest was delimited and the record was partitioned on the basis 
of abrupt changes in the patterning of the annual values. This partitioning was accomplished primarily 
by visual inspection of the graphed values but was corroborated by placing a weighted-mean trend line 
through the graphed data and examining the annual Z-score values in Appendix A Eventually, 33 
periods incorporating 974 years of data were identified (Appendix B). 

Subsequently, the following information was developed for each period: beginning and end date; 
the number of years in each period; mean, standard deviation, coefficient of variation ( C. V. ), rank by 
C.V., and Z-score; number of years with an annual variation greater than and less than one standard 
deviation; and the proportion of the period that was considered to exhibit "extreme" variation. In 
addition, each period was characterized as either "variable" or "consistent" on the basis of visual 
inspection of annual values and described as to its _pverall condition: "moderate" (between -0.13 and 
+0.13 Z-score); "moderate-to-dry" (greater than-0.25 and less than or equal to -0.13 Z-score), "dry" 
(less than or equal to -0.25 Z-score ), "moderate-to-wet" (greater than or equal to +0.13 and less than 
+0.25 Z-score), or "wet" (greater than or equal to +0.25 Z-score). Also provided was the agricultural 
strategy or strategies that would have been favored by prevailing environmental conditions of the 
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Figure 2. la Reconstructed Annual Steamflow values for the Salt, Tonto, and Verde Rivers, A. D. 670 - 750, expressed as Z-scores. 
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period If a period was particularly dry, then the floodplain was asswned to have been the best bet for 
successful crop production. In contrast, if a period was wet, then non-floodplain settings would have 
been cultivated with a variety of dry and nm.off techniques. If a period was neither particularly dry nor 
wet ( i.e., moderate), then a mixed strategy where both floodplain and non-floodplain settings and a 
variety of water harvesting and farming techniques would have been used. 

Finally, each period was compared to coeval data presented by Dean (1988b:156, Figure 5.7) to 
understand patterns in the height of regional water tables and variability in the spatial and temporal 
dimensions of climate in the surrounding portions of the Colorado Plateau The height of the regional 
water tables, a measure of LFP environmental variability, is used here as a large-scale contextual 
indicator of widespread patterns in hydrological availability. Spatial variability and temporal variability 
in dendroclimate are both measures ofHFP environmental variability. When regional spatial variability 
was low, it is interpreted to mean that climatic conditions were very similar over broad geographic 
areas. When one area was experiencing abnormally wet or dry conditions, so was another at some 
distance away. Inter-regional redistribution of food or population would not likely reduce the risk of 
food shortages. 

Conversely, when regional spatial variability was high, it is interpreted to mean that climatic 
conditions were quite heterogeneous over large areas. Reciprocal obligations of food giving, exchange 
of non-food items for food, population movement, shifts in seasonal residences, and other behaviors 
intended to buffer spatial variability in production are expected. Similarly, when temporal variability 
was low, it is taken to mean that a given climatic condition persisted from year-to-year and was 
therefore more predictable. When regional temporal variability was high, however, it signaled an 
interval when populations could not predict the potential productivity conditions for the following year 
on the basis of conditions of the previous year: Under such llllcertainty, production strategies may have 
been further diversified to insure adequate calories and/or intensified to yield larger harvests and create 
smplus in excess of a single year's requirement to buffer llllequal interannual yields. The construction 
of more numerous and larger storage facilities may be associated with intervals of marked variability 
in the temporal dimensions of local and regional climate. 

Expectations 
Upon completion of Table 2.1, a series of expectations concerning which environmental conditions 

would most likely foster certain agricultmal adaptations and risk-buffering strategies in the middle 
Little Colorado River valley were prepared. The expectations set forth here were influenced by data and 
predictions presented by Plog et al. ( 1988) for the southern Colorado Plateaus; by Ahlstrom et al 
(1995), Van West and Kohler (1995), and Kohler and Van West (1995) for the Four Comers area; by 
Gwnennan and Dean (1989) specifically for the Western Anasazi area; and by anthropological theory 
on the topic of risk and uncertainty (for example, Halstead and O'Shea 1989; Mine and Smith 1989). 

1. During intervals of channel aggradation, rising water tables, high moisture, and/or frequent floods 
of extreme dimension, floodplains and their low te"aces shou/,d have been avoided as places of 
residence or dependable fields. However, these same conditions should have encouraged use of non
floodplain fields for dry and runoff fanning. 
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Tree ring-based streamflow reconstructions and favored agricultural strategies for the lowlands of the middle Little Colorado River area. ~ 

Pd Beg. End No. Pd. Pd. Pd. c.v. Pd. Yrs >I Yrs <I % Assessment Fav. Wtr Sp Tmp ~ 
Date Date Yrs. Mean S.D. c.v. Rank Z Score S.D. S.D. Extreme StrateID: Tbl Var Var ;:s 

572 669 98 1,118,254 670,062 59.9 32 -0.02 14 16 31 variable, moderate mixed H no data L ~ 
II 670 695 26 1,520,836 677,143 44.5 17 0.61 10 2 46 consistent, wet dry farm H L L 

t.., ..... 

III 696 727 32 766,675 323,190 42.2 13 -0.57 0 7 22 consistent, dry flooplain H L L 

IV 728 736 9 2,224,103 1,108,760 49.9 25 1.72 6 0 67 consistent, wet dry farm H L L 

V 737 797 61 995,268 533,141 53.6 30 -0.21 8 10 30 variable, mod-dry mixed, floodplain HIM L H 

VI 798 807 10 2,233,383 986,646 44.2 16 1.73 5 0 50 consistent, wet dry farm M L H 

VII 808 896 89 1,128,661 556,640 49.3 23 -0.00 11 9 22 variable, moderate mixed MIL L H 

VIII 897 899 3 2,994,920 1,653,022 55.2 31 2.93 3 0 100 consistent, wet dry farm' L L H 

IX 900 925 26 804,313 404,993 50.4 26 -0.51 1 7 31 consistent, dry flooplain L L H 

X 926 950 25 1,485,590 620,487 41.8 12 0.56 8 1 36 consistent, wet dry farm M L H 

XI 951 1003 53 999,109 518,886 51.9 28 -0.21 5 11 30 variable, mod-dry mixed, floodplain M/H L H 

XII 1004 1032 29 1,122,716 478,561 42.6 14 -0.01 4 3 24 variable, moderate mixed H L L 

XIII 1033 1044 12 750,870 238,087 31.7 3 -0.60 0 2 17 consistent, dry floodplain H H L 

XIV 1045 1087 43 1,217,932 489,042 40.2 10 0.14 6 2 19 consistent, mod-wet mixed, dry farm H H L 

xv 1088 1151 64 998,564 402,417 40.3 11 -0.21 2 4 9 variable, mod-dry mixed, floodplain H H L 

XVI 1152 1182 31 1,125,046 545.771 48.5 21 -0.01 4 7 35 variable, moderate mixed HIM L L 

XVII 1183 1204 22 1,278,963 570,754 44.6 18 0.23 4 1 23 variable, mod-wet mixed, dry farm M/H L L 

XVIII 1205 1227 23 871,884 411,803 47.2 20 -0.41 1 3 17 consistent, dry floodplain H L L 

XIX 1228 1249 22 1,265,481 497,226 39.3 6 0.21 3 0 14 consistent, mod-wet dry farm H L L 

xx 1250 1275 26 1,105,898 512,172 46.3 19 -0.04 3 3 23 variable, moderate mixed H L L 

XXI 1276 1299 24 900,135 446,622 49.6 24 -0.36 I 6 29 consistent, dry floodplain H L L 

XXII 1300 1334 35 1,223,171 453,491 37.1 5 0.15 5 1 17 variable, mod-wet mixed, dry farm HIM L L 

XXIII 1335 1355 21 867,818 346,917 40.0 8 -0.19 0 4 19 consistent, dry floodplain M H L 

XXIV 1356 1359 4 1,950,865 288,356 14.8 1 1.29 3 0 75 consistent, wet dry farm M H H 

XXV 1360 1379 20 1,046,241 329,002 31.4 2 -0.13 0 2 10 consistent, moderate mixed M H H 

XXVI 1380 1384 5 2,573,532 1,258,223 48.9 22 2.27 3 0 60 consistent, wet dry farm L H H 

XXVII 1385 1395 11 750,876 295,835 39.4 7 -0.60 0 2 18 consistent, dry floodplain L H ,. Ht· 

XXVIII 1396 1434 39 1,143,833 458,374 40.1 9 0.02 5 2 18 variable, moderate mixed L H H 

XXIX 1435 1456 22 798,964 292,442 36.6 4 -0.52 0 3 14 consistent, dry floodplain L H H 



Table 2.1 (cont'd) 

Pd Beg. End No. Pd. Pd. Pd. C.V. Pd. Yrs>l Yrs <l % Assessment Fav. 
Date Date Yrs. Mean S.D. C.V. Rank Z Score S.D. S.D. Extreme Strategy 

XXX 1457 1472 16 1,091,306 701,075 64.2 33 -0.06 3 4 44 variable, moderate mixed 
XXXI 1473 1491 19 1,557,875 816,402 52.4 29 0.67 8 1 47 consistent, wet dry fann 
XXXII 1492 1506 15 882,768 378,259 42.8 15 -0.39 0 3 20 consistent, dry floodplain 
XXXIII 1507 1545 39 1,036,742 525,726 50.7 27 -0.15 3 7 26 consistent, mod-dry mixed, floodplain 

Notes: Mean and standard deviation for full-period series (A.D. 572-1985) is 1,130,731+/- 636,052 millions of ac feet per year. 
Mean period length for the 33 periods (A.D. 572-1545) is 29.5 years. 
Mean C.V. for the 33 periods is 43.38. 
Mean Z-Score for 3 3 periods is . 23 . 
Number of extreme years less than 1 standard deviation= 127 (13%). 
Numberof extreme years greater than 1 standard deviation= 125 (13%). 
Total number of extreme eyars between A.D. 572-1545 = 252 (26%). 
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2. During intervals of channel incision, erosion, low water tables, and/or generally low effective 
moisture, residence on and fanning .of floodplains should have been very attractive, particularly if the 
number, distribution, and size of potentially arable chy farming plots and runoff fields was limited and 
population size was high relative to local carrying capacity. 

3. Intervals characterized by high temporal variability should have encouraged subsistence strategies 
that reduced the risk of madequate food supplies by consistent attempts to produce surplus crop yields, 
invest more heavily in food storage, and perhaps "bank" (Braun and Plog 1982; Bronitsky 1977) 
surplus in the form of high value durable goods that could be exchanged for food in times of need 

4. Intervals characterized by high spatial variability should have encouraged local populations to 
mitigate production risk by increasing interaction and exchange of important economic items with non
local populations experiencing differential productive success. 

5. Whenever spatial and temporal variability were low (indicating that climatic conditions were 
widespread and persistent from year-to-year) and occurred in dcy periods when regional water tables 
were still relatively high and engendered high crop production, population concentration near arable 
floodplains of the Middle Little Colorado River valley was likely to have occurred. 

6. Whenever spatial and temporal variability were high (indicating that unpredictable climatic 
conditions were distributed unevenly across the landscape) and occurred in wet periods when regional 
water tables and overall agricuhura.1 productivity were generally low~ populations segments would have 
found it in their own best interest to disperse if there were suitable unclaimed lands to settle and farm 
locally. If conditions were sufficiently severe and constraining, populations segments should have 
relocated at least temporarily to more productive and predictable areas within a larger region. Should 
a spatial "environmental gradient" (Ahlstrom et al. 1995) favoring potential subsistence production or 
subsistence security exist, movement will be toward an area of greater attractiveness. 

7. In contrast to the I~ when spatial and temporal variability were high and co-occurred in 
sufficiently dry episodes when water tables were low, remaining populations likely would have found 
it in their own best interest to either concentrate at those exceptional locations on the principal streams 
of the area that remain farmable, or abandon the region for more predictable returns elsewhere. 
Technological and organiz.ational requirements for successfully practicing irrigation agricultme and 
resolving potential water right issues, as well as the issue of potential environmental gradients, would 
have been crucial in determining which behavioral option was selected. Such decisions would also have 
been affected by existing human impacts to the local environment and knowledge of the distribution 
of remaining populations and interaction networks. 

Results 

Data drawn from Table 2.1 were used to identify the time periods when conditions specified in the 
expectations above were met Archaeological data from the Homol'ovi Research Program (Adams 
1989; Adams and Hays 1991; Lange 1989, 1994, this volume) were subsequently used to evaluate the 
utility of each expectation. Lange ( 1994) used surface ceramic collections and calibrated radiocarbon 
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dates to assign probable periods of use or occupation to Homol'ovi area settlements. Six occupation 
phases were defined - Lino (AD. 620-780), Kana'a (AD. 820-890), Black Mesa (AD. 1000-1050), 
Walnut (AD. 1120-1225), Tuwiuca (A D. 1260-1330), and Homol'ovi (AD. 1330-1400) - and 
assigned to one of three occupational periods: Early (AD. 620-890), Middle (AD. 1000-1225), and 
Late (AD. 1260-1400). The location of Early and Middle period pit house hamlets adjacent to the Little 
Colorado River suggests that the floodplain was being used for farming at least by the Early Period 
Similarly, the location of all the major Homol'ovi area pueblos (Homol'ovi IV, IL L Chevelon, 
Cottonwood Creek and Jackrabbit) adjacent to or even within the Little Colorado river floodplain ( e.g., 
Homol'ovi L Ill, AZ J:14:282 (ASM\ and Chevelon) indicates the continued importance of the 
floodplain for economic pursuits. 

E~ectation 1: When Floo912lains Should Be A voided 
Table 2.2 indicates that there were 12 periods incorporating 222 of the 974 years (23%) when the 

annual flow of the Little Colorado River was abnormally high. The climatic conditions responsible for 
these high flow years likely made farming in the floodplain of the Little Colorado difficult, but 
probably enhanced the opportunity for dry and runoff farming in non-floodplain settings. Lange's 
survey data largely support this expectation since occupation of the Homol'ovi area is largely lacking 
or not visible during these wet episodes. 

Table 2.2 

Period Date No. Of Years Z-score Assessment FitHRP 
data? 

II 670-693 26 0.61 Consistent, wet no; Lino 

IV 728-736 9 1.72 Consistent, wet no; Lino 

VI 798-807 10 1.73 Consistent, wet yes 

VIII 897-899 3 2.93 Consistent, wet yes 

X 926-950 25 0.56 Consistent, wet yes 

XIV 1045-1087 43 0.14 Consistent, mod-wet yes 

XVII 1183-1204 21 0.23 Variable, mod-wet no; 
Walnut 

XIX 1228-1249 22 0.21 Consistent, mod-wet yes 

XXII 1300-1334 35 0.15 Variable, mod-wet yes 

XXIV 1356-1359 4 1.29 Consistent, wet yes 

XXVI 1380-1384 5 2.27 Consistent, wet yes 

XXXI 1473-1491 19 0.67 Consistent, wet "'f_es 
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Expectation 2: When Floodplains Should Be Especially Attractive 
Table 2.3 indicates that there were 12 periods incorporating 364 years (37%) when, because of 

consistent or lengthy dryness, the Little Colorado River floodplain and its dependable mountain-fed 
water would have been a magnet for agriculture and settlement. Such conditions would have made 
non-floodplain farming by alternative methods nearly impossible. It is not surprising, therefore, that 
evidence for occupation of the Homol'ovi area does accord well with the expectations. Portions of 
every occupation except the Kana'a phase occupation occur in these periods. 

Table 2.3 

Period Date No. Of Years Z-score Assessment Fit HRP data? 

ill 696-727 32 -0.57 Consisten~ dry yes; Lino 

V 737-797 61 -0.21 Variable, mod-dry yes; Lino 

IX 900-925 26 -0.51 Consisten~dry no 

XI 951-1003 53 -0.21 Variable, mod-dry no 

XIII 1033-1044 12 -0.60 Consiste~ dry yes;Bk Mesa 

xv 1088-1151 64 -0.21 Variable, mod-dry yes; Walnut 

XVIII 1205-1227 23 -0.41 Consisten~ dry yes; Walnut 

XXI 1276-1299 24 -0.36 Consisten~ dry yes; Tuwiuca 

XXIII 1335-1355 21 -0.19 Consisten~ dry yes; Homol' ovi 

XXVIl 1385-1395 11 -0.60 Consisten~ dry yes; Homol' ovi 

XXIX 1435-1456 22 -0.52 Consisten~ dry no;abandoned 

XXXII 1492-1506 15 -0.39 Consisten~ dry no;abandoned 

Expectation 3: When Investment in Surplus Production, Storage, and Banking Should 
be Evident 

1bis expectation, like the following, cannot be tested directly with survey data. Rather, information 
collected from excavation and analysis is required to evaluate this expectation. Evidence might take 
the form of the increases in the number and size of storage features or an increase in the proportion of 
high status artifacts in local assemblages. It is reported here, however, to emphasize the potential 
importance of high temporal variability to subsistence issues. According to Dean (1988), when 
temporal variability is hi~ the ability to predict future climatic conditions on the basis of current 
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conditions is very poor. Thus, this environmental factor signals when a heightened sense of uncertainty 
surrounding the steady production of food might have occurred. In this dataset, 457 (47%) of the 974 
years (Periods V-XI: AD. 737-1003 andPeriodXXIV-XXXIII: AD. 1356-1545) occur when temporal 
variability ,is notably high and consequently unpredictable. 

Expectation 4: When Increased Economic Interaction and Exchange Should be 
Evident 

As before, this expectation is better assessed with excavation data than with survey data and is left 
for others to evaluate. In this dataset, high spatial variability is associated with 330 years (34%) of the 
974 years (Periods XIlI-XV: AD. 1033-1151 and Periods XXIII-XXXIII: AD. 1335-1545). It is 
expected, however, that the movement of people as well as goods (for example, cotton, obsidian, and 
ceramics) should be evident, and that separate communities with somewhat · different economic 
opportunities will be linked At present, data from the Pueblo IV occupation of the Homol'ovi area 
appear to satisfy this expectation for the AD. 1335-1400 period (see Adams, this volume). 

Expectation 5: When Population Aggregation Along the Floodplain Should be 
Especially Attractive 

Table 2.4 indicates that only three periods incorporating 79 (8%) of the 974 years satisfy this 
expectation In every case, survey data from the Homol'ovi area support the contention that 
populations were attracted to the farming opportunities in Little Colorado River floodplain during 
persistently and widespread dry periods when farming options elsewhere were limited. Despite their 
varying Z-scores, all periods occur when regional water tables were still reasonably high or moderate 
and when spatial and temporal variability was low. 

Table 2.4 

Period Date No. OfYears Z-score Assessment Fit HRP data? 

m 696-727 32 -0.57 Consistent, dry yes, portions of Lino 

XVIII 1205-1227 23 -0.41 Consistent, dry yes, Walnut 

XXI 1276-1299 24 -0.36 Consistent, dry yes, Tuwiuca 

Expectation 6: When Population Dispersal Would Likely Occur 
This expectation and the one that follows specify conditions when temporal and spatial variability 

were notably high and regional water tables were notably low. Climatic conditions were therefore 
highly unpredictable from year-to-year and were experienced differentially across space. What 
distinguishes this set of conditions from the following is that the context was relatively wet rather than 
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relatively dry. Under such conditions, populations large enough to be approaching the limits, of local 
capacity are expected to have either relocated to places where food production was more dependable 
and/or employed a variety of agricultural techniques and field locations to offset the tremendous 
uncertainty associated with the general time interval. Insofar as only two of the 33 periods satisfies this 
expectation, this condition was relatively rare (Table 2.5). Nonetheless, Lange's data (1994, this 
volume) suggest that the Homol'ovi area might have been abandoned as early as the AD. 1380s and 
certainly was abandoned by AD. 1450 at the very latest. Thus, the Homol'ovi data seem to support this 
expectation, but the evidence is equivocal. 

Table 2.5 

Period Date No. OfYears Z-score Assessment Fit HRP data? 

XXVI 1380-1384 5 .27 Consistent, wet (Hornor ovi phase)? 

XXXI 1473-1491 19 .67 Consistent, wet (Homol' ovi area 
abandoned) yes 

Expectation 7: When Abandonment is Likely to Occur 
As before, this expectation specifies that spatial and temporal variation were high and regional 

water tables were low and dropping. Compcnmding the already difficult situation was the fact that local 
environmental conditions were consistently dry. Under such conditions, one of two options was 
available: assemble in those few locations along the river where arable land still existed in the 
floodplain and water still flowed on the surface, or abandon the locality for farmable land elsewhere. 
Importantly, the Homol'ovi area does constitute one of those few special locations where arable land 
always exists. Bedrock close to the surface of the Little Colorado River drainage maintains the 
floodplain and prevents it from channelizing during low water table regimes (for example, circa AD. 
775-925 and 1350-1525). Further, the location of the Homol'ovi area relative to the drainages entering 
the Little Colorado River from the Chevelon and Anderson Mesa area virtually guarantee that 
Homol'ovi pueblos would have seen some water in the Little Colorado during even the worst of dry 
spells. Thus, the meager data presented in Table 2.6 suggest that the large populations living in the few 
remaining Homol'ovi area settlements would have been faced with droughts during a time of 
exceptionally low water tables after four years of exceptional wetness and flood 

Table 2. 6 

Period Date No. OfYears Z-score Assessment Fit HRP data? 

XXVII 1385-1395 11 -0.60 Consistent, di)' (Homol' ovi phase)? 

XXIX 143S-14S6 22 -0.S2 Consistent, dry (Homol' ovi area 
abandoned) yes 

Discussion 
Although cultural developments in the Homol'ovi area do not correspond precisely with the 

environmental expectations presented here~ the results of this effort are very informative. In general, 
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the assmnption that the characteristics of the streamflow and the availability of the floodplain for 
agriculture represent essential information for settlement decisions seems justified Similarly, it appears 
that the middle Little Colorado River area was particularly attractive to pioneer pueblo populations 
during moderate and dry periods and was amazingly resistant to the usual LFP problems associated with 
low regional water tables ( at least in the Winslow area) except when adverse LFP and HFP co-occur 
with high population levels. It would seem that HFP events, particularly floods and notably wet periods, 
were the true nemeses of middle Little Colorado River agricultural populations. Such events, coupled 
with the unpredictable variability associated with the spatial and temporal dimensions of climate, 
probably represented the major challenges to in-place survival. 

During the first half of the Lange's Early Period ( ca AD. 620-750), regional water tables (LFP 
environmental variability) were relatively high and spatial and temporal variability were low and 
predictable. Small Lino Phase Basketmaker III populations (LFP demographic varability) 
intermittently settled the floodplains and terraces overlooking the floodplain. Small farmsteads and 
hamlets likely developed in those drier than normal intervals when the generally aggrading floodplain 
would have been the only reliable source of water for humans and agriculture. Period ill (AD. 696-727) 
and Period V (AD. 737-797) would have been the most favorable periods for early period settlement. 
The post-AD. 625 portion of Period I (AD. 572-669) might also qualify, but the data are not strong 
for the first 169 years of this tree-ring-based record. 

In the latter half of the Early Period ( ca. 750-890), regional water tables began to drop, reached a 
primary minima about AD. 850, and remained low for the remainder of the Kana'a Phase Pueblo I 
period. At the same time, year-to-year predictability decreased and climatic conditions were very 
mievenly distnbuted across space. Small local populations moved :frequently and occupations were of 
short and probably seasonal duration; agricultural opportunities would have been largely restricted to 
the floodplains of the Little Colorado and its major tributaries. 

For the next hundred or so years, the archaeological record does not reveal an early Pueblo II 
occupation, although there are no compelling environmental conditions to accol.Dlt for this apparent 
occupational discontinuity. Although regional dendroclimate was unpredictable from place-to-place 
and year-to-year, regional water tables were gradually rising in the tenth century. The floodplains of 
the larger drainages should have been exploited even with simple floodwater irrigation techniques after 
about AD. 950 when regional water tables were reasonably high and aggrading. 

Middle Period populations would have found the floodplains of the middle Little Colorado River 
particularly attractive in the relatively moderate to moderately dry and dry interval from about AD. 
I 004 to 1182, with the exception of moderately wet period in the mid eleventh century (Period XIV, 
AD. 1045-1087). During this wetter-than-average period, farming may have taken place on the 
margins of the wider floodplains after the recession of the usual spring floods, and dry and runoff 
farming could have succeeded in the non-riverine locations such as Hoe Valley, particular ifwater
harvesting and water-conservation strategies were implemented. Although the reconstruction presented 
in Table 2.1 does not suggest that the middle Little Colorado River valley would have been especially 
attractive for settlement by agricultural groups during the middle 1100s, it was an area of greater 
agricultural attraction than other areas to the north at the same time - a time when numerous local 
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abandonments of more marginal places were occurring about AD. 1150 (Ahlstrom et al. 1995; ~ 
et al 1994; Euler 1988). Thus, the model suggests that Period XIII (AD. 1033-1044) and Period X.V 
and Period XVII (AD. 1205-1227) would have been especially attractive to Black Mesa Phase 
populations (AD. 1000-1050) and Walnut Phase populations (AD. 1120-1225) on the basis that it was 
consistently dry during intervals of relatively high regional water tables. However, because of the 
existing environmental gradient that favored settlement near the reliable sources of surface water in 
middle Little Colorado River valley in the twelfth century, the variable but moderate to moderately-city 
Periods XV (AD. 1088-1151) and Periods XVI (AD. 1152-1182) should also have favored settlement 
for Walnut Phase populations. 

The Late Period occupation of the Homol'ovi area begins with the Tuwiuca Phase (AD. 1260-
1330). With this phase, high regional water tables begin to drop, again creating difficulties for rainfall
dependent and dryland farmers in many portions of the Southwest. Immigrants from the upper Little · 
Colorado area and the Hopi Mesas area established new hamlets and villages in the Winslow area and 
dramatically increased local population size and density (HFP demographic variability). Conditions 
set forth in Expectation 5 were clearly met. Among these early Tuwiuca phase settlements were 
Homol'ovi IV and AZ P:14:282 (ASM) established about AD. 1260, Cottonwood Creek, Homol'ovi 
ill, Chevelon, Jackrabbit, and Homol'ovi I established about AD. 1275 - 1280 (E. C. Adams, this 
volume). This relatively sudden influx of population generally coincided with the occurrence of the so
cailed "Great Drought" (Douglass 1929) in the Four comers area and is suspected to be associated with 
the concerted effort to grow the economically and ritually important commodity, cotton ( see E. C. 
Adams 1995, this volume). Again, the concept of environmental gradient favoring the relatively 
reliable Little Colorado River is applicable. Immigrant populations would have found the Homol'ovi 
area with its wide floodplain, abundant water, and high perched water table particular attractive in 
Period XXI (AD. 1276-1299), a time of consistent dryness, but one in which the often unruly river 
would have been more manageable for high-maintenance irrigation efforts. 

The frequent floods of the AD. 1300-1334 period (Period XXIlI) seem to account for the 
temporary abandonment ( or intermittent use) of farmsteads and hamlets directly in the floodplain, such 
as Homol'ovi ill (Adams 1989b; Kolbe 1991), and the proliferation of water-harvesting and water
conservation practices that occur away from the middle Colorado River floodplain. By whatever 
means, however, large local populations were able to endure the variable but moderately-wet years of 
the early fourteenth century and apparently used the margins of the floodplain to raise corn, cotton, and 
other crops. 

With the Homol'ovi Phase, the largest of the Homol'ovi area pueblos, Homol'ovi II, was established 
on a prominence overlooking the floodplain Several of the largest villages in the area continued to be 
occupied (for example, Homorovi L Cottonwood Creek, Chevelon, Jackrabbit). With steadily falling 
water tables and low streamflows, the Little Colorado River once again became a magnet for 
settlement Despite the persistent dryness, the river flowed locally and climatic conditions were 
reasonably persistent from year-to-year. Thus, Period XXVII (AD. 1335-1355) was an especially 
attractive period for floodplain agriculture in the Homol'ovi area. Despite the drop in regional water 
tables, the rivers from the Mogollon highlands continued to produce surface flow in the Winslow area. 
Serious floods in the 1350s (Period XXIV, AD. 1356-1359) and floods of epic proportion in the 1380s 
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(Period XXVI, AD. 1380-1384) probably altered the course of the floodplain and did major damage 
to floodplain-margin fields. Dry farming techniques were likely employed to augment unpredictable 
yields, but low soil moisture and diminishing ground water surely made these auxiliary fields less 
successful than in previous centuries. 

By the middle of the 1300s, regional water tables had dropped to their lowest level in about 400 
years and for the first time in the history of agricultural peoples in the region, major LFP changes and 
HFP variability (high spatial and temporal variability) coincided with high population levels pushing 
up against the canying capacity of the local environment. Perhaps a critical threshold was exceeded 
and even the normally reliable flow of the Little Colorado dwindled to such an extent that thirsty cotton 
could no longer smvive. It would appear that Expectation 7 - when abandonment was likely to occur -
was met in Period XXVII (AD. 1385-1395). 

The model would suggest that the Homol'ovi area would have been attractive to riverine settlement 
again in the mid-to-late 1500s when regional water tables were on the rise and dendroclimatic 
conditions became more predictable. To date, however, no compelling evidence for significant 
reoccupation took place at this time. Clearly, other dimensions of variability were at work to account 
for this pattern. 

Conclusions 
In closing, the questions posed in the introduction are addressed. Given the limited contexts for 

agricultme and the tremendous and fairly unpredictable environmental variability inherent in the 
middle Little Colorado River area, it is no wonder that populations were small, scattered, and relatively 
mobile for most of the prehistoric record The sudden build-up of population in the Winslow area 
dming the era of the Great Drought, however, seems not so surprising after inspecting the streamflow 
and other relevant environmental data for this period The locality received abundant water harvested 
from the Mogollon highlands, and it debauched at a location where the bedrock was close to the 
smface and resisted channel entrenchment. It now seems that immigrating populations chose to move 
into the areas initially to exploit the floodplain, probably because irrigation technology was possible 
with larger populations, and economically and ritually important cotton - a valuable water-hungry crop 
- could be grown there ( see Adams, this volume). Recurrent but minor floods in the early 1300s 
resulted in changes in emphasis and further diversification in the early fourteenth century. However, 
floods of mythic dimensions occurred in AD. 1356-1359 and again in AD. 1380-1384 and likely did 
considerable damage to the physica1 system if not to the larger social system of economic exchange and 
mutual security. The model suggests that the Homol'ovi area was abandoned in the late fourteenth 
century, but it does not suggest why the area was not reoccupied when conditions ameliorated for 
floodplain agricultme in the 1500s. What this all demonstrates, of course, is that environmental factors 
play an important and sometimes causal role in human adaptation and culture change. The Homol'ovi 
area data present an important local application of the "Anasazi adaption model" (Dean 1988a) and 
serve to demonstrate its general utility. Nevertheless, the application also demonstrates that 
environmental variability must be considered along with demographic, behavioral (including 
technology and social organization), and probably ideological factors to explain relevant aspects of 
cultural behavior. 
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MOBILITY AND SEDENTISM: CHANGES IN STORAGE 
DURING THE PIT HOUSE TO PUEBLO TRANSITION 
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Introduction 

Over the past decade, our views about when prehistoric southwestern populations became sedentary 
has changed dramatically (Powell 1990; Upham 1984; Whalen 1994; Whalen and Gilman 1990). Pit 
houses, pottery, and com are no longer assumed to be the hallmarks of settled village life. Pit houses 
are now commonly interpreted as the homes of mobile groups (Carmichael 1990; Gilman 1987; 
Mauldin 1983; McGuire and Schiffer 1983; Whalen 1994). Some have even argued that pueblo 
populations were not as sedentary as we once assumed (Lekson 1990; Nelson and LeBlanc 1986). 

This paper reviews many of the problems faced by the southwestern archaeologists who have 
grappled with the concept of sedentism and have struggled to identify sedentary villages 
archaeologically. In an attempt to avoid some of the problems faced by previous studies, residential 
mobility strategies are examined. Although many methods have been developed to monitor decreases 
in residential mobility, storage is the primmy focus of this analysis. The storage practices of mobile and 
sedentary populations are compared to better understand how residential mobility strategies influence 
the techniques used to store food This comparison is then used to make predictions about how storage 
practices should have been altered with increased sedentism. Changes in the type and location of 
storage facilities are then examined from three occupations of the Homol'ovi area to evaluate whether 
the pit house to pueblo transition reflects decreased residential mobility. 

Identifying Sedentary Villages 

The term "sedentary" means to be settled or non-migratory and implies the opposite of nomadic. 
To identify sedentary populations, however, a temporal perspective needs to be added. In other words, 
what is the length of time that a group of people needs to reside at a location before they can be 
considered sedentary? Is it a matter of months, a single year, or numerous years? 

Unfortunately, archaeologists have used the term sedentary to refer to a variety of different 
occupational durations. For example, sedentism is most commonly defined as year-round use of a 

1 Mailing address: 816 Third St., Ann Arbor, MI 48103. 
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village or base camp by a major portion of a co-habitating population (Hitchcock 1982; Kelly 1985, 
1992; Plog 1990: 180; Rafferty 1985). However, in other cases the same term implies occupation of a 
village over many years (Schlanger 1990) - a type of settlement that has been labeled "deep 
sedentism" (Lekson 1990). Nelson and LeBlanc (1986) use another modifier, coining the phrase 
"short-term sedentism" to describe a settlement type that involves year-round occupation but for a 
limited period of time, such as a few years. All these uses of the term sedentism identify important 
differences in settlement patterns. However, because the mechanisms that prompted a group to stay at 
a location for the entire year are potentially quite different from those that encouraged them to live at 
the same village for many years, these settlement patterns need to be examined separately, at least 
initially. 

To identify sedentary villages, southwestern archaeologists have focused on developing criteria that 
distinguish year-round occupations from seasonal ones (Schlanger 1990). Year-round occupations are 
primarily identified by the presence of features and artifacts that indicate people remained at a village 
for an extended period of time. Large, deep pit houses (Lightfoot and Jewitt 1986; Powell 1983) and 
a diversity of architectural features, especially the presence of a ceremonial structure (Plog 1986), are 
commonly used as indicators of sedentism. A high proportion of interior hearths, extensive middens 
with a diversity of artifact types, and burials are also expected at sites that were occupied for extended 
periods (Lightfoot and Jewett 1986; Mauldin 1983; Powell 1983). Similarly, the use of formalized 
storage structures (Gilman 1983; Kent 1992) is argued to represent anticipated long-term use of a 
settlement In contrast, the density and diversity of structures, features, and artifacts types are expected 
to be substantially less at seasonally occupied sites. 

Although this approach does identify some basic differences in the amount of time sites were 
occupied, it has proven problematic for examining the transition to settled village life. To illustrate, 
when using this approach, site types and settlement patterns are often dichotomized. Big sites tend to 
get classified as year-rmmd occupations and small sites as seasonal ones ( Nelson 1990; Powell 1990). 
In addition, sites that were occupied for a few days or weeks are lumped together with those that were 
occupied for several months. This dichotomy masks variation in settlement patterns that is potentially 
important for understanding the basic question of why populations became sedentary (Whalen 1994 ). 

A variety of factors can also lead to the misidentification of sites. For example, reoccupied seasonal 
sites may contain a wide diversity of tool types and architectural features-the same characteristics as 
a year-roood occupation (Kent 1992; Lightfoot and Jewitt 1986). The misidentification of seasonal sites 
as year-round occupations can lead to problems in determining how and when prehistoric populations 
became sedentary. Moreover, although many of these criteria do identify sites that were occupied for 
extended periods of time, they do not necessarily demonstrate that populations inhabited the location 
for twelve consecutive months (Rocek 1993 ), which is important for identifying a site that was 
occupied year-roood Next, many of these analyses use the presence or absence of specific features_ such 
as burials, middens or formalized storage facilities. These studies assume that features were not 
destroyed by post depositional processes and that excavations in extra-mural areas were extensive 
enough to encounter them. These assumptions may not be valid when comparing excavations 
undertaken at different times and by different excavators (Lightfoot and Jewett 1986). 
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Residential Mobility and Sedentism 

Some of these problems can be avoided by examining changes in residential mobility strategies, 
rather than identifying locations that were occupied on a year-round basis. Residential mobility refers 
to the movement of an entire group from one camp to another (Binford 1980; Kelly 1992:44). 
Residential moves are made to position the group relative to resources. Another type of mobility, called 
logistical, involves the movement of an individual or small task group for the purposes of procuring 
resources and transporting them back to a central base (Binford 1980). In contrast to residential 
mobility, logistical mobility emphasizes the movement of resources to consumers and is usually 
undertaken by a small mnnber of individuals (Kelly 1992). Although these two types of mobility are 
often dichotomizecL a combination of mobility strategies is often us~ and an increase in one type of 
mobility does not necessarily result in a decrease in the other. 

The transition to a sedentary lifestyle thus arises from decreases in residential mobility (Kelly 1985, 
1992; Rocek 1993; Whalen 1994). However, a decrease in residential mobility may result from changes 
in a variety of different factors, such as the number of residential moves per year, the total distance 
traveled per year~ or length of stay at a winter camp (Kelly 1983 :278). Although the process of 
becoming sedentary can result from changes in any number of these factors, several studies ( Cashdan 
1984; Keeley 1988; Rocek 1993) have suggested that increased duration of occupation or re-occupation 
of a specific location are particularly important. 

The importance of duration of occupation is best illustrated in a recent cross-cultural study of 
modem hunter-gatherers (Keeley 1988:387). The Klamath, a Northwest coast group, and the Mbuti 
Pygmies of central Africa both make 11 residential moves per year. However, the Klamath remain at 
their village for 6-7 months and move frequently during the remainder of the year. In contrast, the 
Mbuti Pygmies rarely remain at a location for more than two months. In this example, the Klamath are 
more sedentary than the Mbuti Pygmies. Reuse of a location can be another important indicator of 
changes in residential mobility (Wills 1988). Comparing two hypothetical populations that make the 
same number of residential moves, a group that plans to reuse a settlement sometime in the near future 
is more sedentary than a group who does not return to the area Furthermore, changes in duration of 
occupation and reuse of a site are two variables that can be monitored archaeologically; while other 
factors, such as decreases in the number of residential moves and total distance covered in a year are 
more difficult to examine. 

As the above discussion illustrates, change in residential mobility can be viewed in relative terms 
(see also discussions in Whalen 1994:2). Being able to identify degrees of change avoids many of the 
problems inherent in the use of the sedentary/non-sedentary dichotomy. A continuum of occupational 
duration obviously includes year-rolllld habitation of a site, but it is an end-point on the continuum and 
not the critical criterion for identifying sedentary populations. Moreover, although many studies discuss 
sedentism on a continuum ( see Kelly 1992 for summary), the use of phrases such as "increased 
sedentism" are often at odds with the categorical definition of the term. Specifically, if the 
distinguishing characteristic of a sedentary population is year-round occupation, then sedentism is a 
threshold and not a continuous variable. 
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Monitoring Changes in Residential Mobility 

One of the primary reasons residential moves are undertaken is to procure food or water (Binford 
1980; Kelly 1992). Therefore, because resource procurement and residential mobility strategy are 
closely intertwined, changes in subsistence strategies and related technologies can be used to monitor 
decreases in the degree of residential mobility. For example, degree of residential mobility has a 
significant impact on the organization of technology (Goodyear 1979; Kuhn 1994; Kelly 1988; Parry 
and Kelly 1987; Shott 1986). In particular, groups that are highly mobile require portable tools; while 
portability is less of a concern for a sedentary population (Parry and Kelly 1987). Based on these 
different needs, changes in lithic technology have been used to identify differences in residential 
mobility patterns archaeologically in the American Southwest (Parry and Kelly 1987; Vierra 1990; 
Young 1994). 

Examining variation in storage practices provides another important means of monitoring decreases 
in residential mobility. Recent studies ofhunter-gatherers have found a correlation between degree of 
residential mobility and dependence on storage (Binford 1980, 1990; Ingold 1987; Keeley 1988; Soffer 
1989; Testart 1982). In general, residentially mobile populations are less dependent on storage than 
sedentary ones (Keeley 1988). The degree of dependence on storage and residential mobility also 
influences the methods used to store foods. For example, several studies have noted a correlation 
between the use of storage pits and residential mobility (Gilman 1983; Whalen 1994). 

The following discussion compares the storage requirements of sedentary and residentially mobile 
populations in the Southwest to more fully understand why these groups use different strategies to store 
their food. Information on the storage practices of ethnographic (Gilman 1983; Young 1995) as well 
as archaeological groups (Wills 1991; 1992) is summarized. Next, although a wide variety of storage 
facilities have been used by ethnographic and prehistoric groups in the Southwest, this comparison 
focuses on long-term storage facilities, specifically those that are used to store food for several months 
or years, rather than short-term facilities where foods are stored for only a few days or weeks ( Gilman 
1983:64). 

Storage Practices of Mobile and Sedentai:y Populations in the Southwest 
Because the environment of the southwestern U.S. is seasonal, storage is critical for any population 

that resides in this region during periods when wild food resources are scarce. Ethnographically, even 
highly mobile groups practice some type of storage (Young 1995), although dependence on stored 
foods varies greatly. Differences in dependence on storage are reflected in the way that stored foods 
are used to even out variability in resource availability (Young 1995). Specifically, residentially mobile 
groups store foods primarily to even out variation in the food supply of a single year. In contrast, 
sedentary populations rely on storage not only to even out seasonal availability but also variability in 
the food supply over the course of several years. Storage of at least two years surplus was essential for 
the smvival of sedentary populations in the northern Southwest (Lebo 1991). 

Differences in dependence on storage and residential mobility strategy affect the type of storage 
facilities a group chooses to use. Residentially mobile groups have different requirements of their 
storage facilities than do sedentary populations. This discussion examines three factors that influence 
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storage requirements of sedentary and mobile groups in the Southwest: the protection of stores, the 
ability to access stored foods, and the extent to which stored foods are shared within the community. 

Because residentially mobile groups use more than one camp during the course of a year, they may 
seasonally abandon the areas where their storage facilities are located. If storage facilities are filled with 
critical food supplies when the location is abandoned, these facilities need to be concealed to protect 
them from potential vandalism (DeBoer 1988; Wills 1988). A Western Apache prayer said while 
closing a storage pit epitomizes this need. The prayer says: ''I bury my com here; don't nobody bother; 
don't coyote or bear or anybody dig it out; if you see him you change his mind" (Buskirk 1986:75). 

Stored food can be concealed in a variety of features. As the above Apache example illustrates, 
residentially mobile groups in the Southwest have used storage pits to protect their foods from potential 
vandals, both animal and human. Storage pits that are sealed with earth are easily camouflaged (DeBoer 
1988; Wills 1988). Besides storage pits, caves and rock shelters are also used by southwestern 
ethnographic groups to hide stored foods (Young 1995). 

Although these types of storage facilities are beneficial for concealing foods, they have some 
serious draw-backs. Foods stored within these types of facilities can be problematic to access. To 
illustrate, a storage pit can preserve food over a long period of time if moisture levels are low and the 
pit is well sealed This seal creates an anaerobic environment that is highly conducive to the 
preservation of food, if left undisturbed (Reynolds 1974). Therefore, repeated access to the food within 
storage pits is problematic. Moreover, caves and rock shelters also do not provide easy access on a 
regular basis because they are often located away from residential sites. If items from these types of 
storage facilities are needed on a short-term basis, this food would have to be transported. These 
problems of access suggest that pits, caves, and rock shelters are excellent storage facilities for foods 
that need to be concealed and left unused for long periods of time. Once these features are opened the 
food within them must be consumed, transported, or placed in another type of storage facility. 

Although this discussion supports the previously mentioned correlation between the use of 
residential mobility and storage pits, it should be noted tbat residential mobility is not the only reason 
that stores may need to be concealed. For example, stores may be hidden to protect them from raiding 
(Raymer 1990; Young 1995). Concealing storage facilities is also advantageous in circumstances where 
groups are forced to pay a certain proportion of their harvest in tribute (DeBoer 1988). 

Residentially mobility also influences where groups decide to locate their storage facilities. Because 
mobile groups utilize a variety of areas, they often scatter their stored food supplies over the landscape 
(Binford 1979; Young 1995). Stores are located in areas where resources are collected or where a group 
anticipates being in the future (Goodwin 1941; Young 1995). Moreover, several studies (Byrd 1994; 
Gilman 1983; Wills 1988) have argued that location of their storage facilities within a base camp is 
influenced by the extent to which a resource is shared Residentially mobile populations tend to locate 
their storage facilities in communal areas, often outside of their residential structures. Storing food in 
areas which are visible to a variety of members of the village suggests that the sharing of these 
resources is not restricted. · 



42 L. C. Young 

The storage needs of sedentary populations differ from those of residentially mobile ones. One of 
the key factors influencing choice of storage facilities among sedentary groups is their heavy reliance 
on these resources. Because sedentary populations anticipate using stored foods during periods that 
extend beyond a single year, they need to minimize the chance of food loss within storage facilities 
(Gross and Wolf 1984). Large quantities of stored food can be lost by rodent, mold, and insect 
infestations. Keeping storage facilities cl~ well sealed, and the climate within the facilities at 
relatively low and consistent levels of both humidity and temperature helps decrease the chance of 
these infestations and food loss (see Gilman 1983 and Smyth 1989 for more detailed summaries). Low 
humidity levels can be maintained by drying food prior to placing it in storage, circulating air within 
the facility, and keeping the storage facility dry. Temperatures can be kept relatively low and constant 
by insulating storage facilities and/or placing them in sheltered locations. Finally, certain varieties of 
stored foods are less susceptlble to insect infestation For example, flint com is less often attacked by 
com weevils and was selected by the Hopi for storage for this reason (Whiting 1939: 11). 

The use of store rooms and large woven granaries by sedentary ethnographic populations in the 
Southwest illustrate several non-mechanized methods that can be used to control climate within storage 
facilities (Young 1995). To illustrate, the store rooms used for long-term storage by puebloan 
populations usually have thick walls, which provide good insulation (Gross and Wolf 1984). Storage 
rooms are also often located in parts of the pueblos where they are protected from intense heat during 
the summer. Rodents are kept out of the rooms by closing or blocking entrances. Pueblo groups also 
store large quantities of their com on the cob. Cobs can be easily stacked to enhance air circulation, 
thus minimizing storage loss by keeping humidity levels low (Smyth 1989). 

The woven granaries used by the River Ymnan groups and the Pima present an interesting contrast 
to the Pueblo storage rooms. These granaries are large baskets or structures made by weaving branches 
together. They are often covered to keep out rain. Groups living on the floodplains of rivers elevated 
their storage facilities to avoid flood damage and deter rodents. The woven construction also promotes 
air circulation within the facility, fwther helping to keep humidity levels low. However, the insulating 
properties of the woven construction are limited and these storage facilities are rarely placed in shaded 
areas. As a result, temperatmes within these facilities probably fluctuated widely. In the Sonoran desert 
regions of the Southwest, where these granaries are primarily used, keeping humidity levels low may 
have been the factor critical to reducing storage loss. Temperature control seems to be less important. 

Sedentary groups also need to repeatedly open and close their long-term storage facilities during 
seasons when stored foods make up the bulk of their diet Storage facilities of sedentary populations 
are usually located in easily accessible locations within their village (Gilman 1983) and have openings 
that allow repeated and easy access to the stored supplies. Locations near food processing areas are 
often chosen Moreover, storage facilities are usually associated with an individual household or set of 
households. The association of storage with particular residential units has been argued to reflect a 
restricted sharing of stored foods (Wills 1991; 1992) - a pattern that is common among sedentary 
populations throughout the world (Byrd 1994; Colson 1979; Hegmon 1989). 

This general comparison suggests that the storage needs of sedentary and residentially mobile 
populations in the Southwest differ. Specifically, residentially mobile populations that seasonally 
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abandon locations where their food is stored will select storage facilities that can be concealed from 
potential vandalism. These facilities are often sealed and left unopened for extended periods of time. 
Residentially mobile groups tend to locate their storage facilities in various locations on the landscape 
and within communal areas at residential bases. In contrast, sedentary populations emphasize storage 
facilities that minimize the risk of stored food losses but allow repeated access. These facilities are 
usually located in close association with living spaces. 

Based on these differences, the type and location of storage facilities are expected to change with 
reductions in residential mobility. Specifically, dependence on stored foods should increase and storage 
facilities that minimize the chance of storage loss while allowing easy access and repeated opening 
should become increasingly critical. In addition, the location of storage facilities within the village 
should reflect controlled access and restricted sharing (Byrd 1994 ). 

Storage Facilities Used in the Homol'ovi Area 
To examine the relationship between residential mobility and changes in storage practices 

archaeologically, information from the Basketmaker ill (ca. AD. 600-820), the Pueblo ill (ca AD. 
1120-1225), and the early Pueblo IV (AD. 1280-1300) occupations of the Homol'ovi area are 
compared. These three occupations were chosen because they encompass the pit house to pueblo 
transition in the area. Recent re-evaluations of tbis transition have argued that it reflects a shift in 
settlement pattern toward increased sedentism (Gilman 1987; McGuire and Schiffer 1983). Therefore, 
changes in storage practices should also accompany this change in habitation structure (Gilman 1983; 
Gross 1992; Whalen 1994 ). 

Interestingly, the transition to above-ground habitation structmes did not occur until after AD. 1200 
in the Homol'ovi area. During the Pueblo ill occupation, rectangular pit houses, not pueblos, were used. 
Late pit houses, such as these, have been labeled "out of phase" (Stuart and Farwell 1983) because they 
were used during periods when many populations, especially those that were used to develop the basic 
chronologies, had already made the transition to above-ground habitation structures. These late pit 
houses thus pose a challenge to our standard interpretations of when the transition to pueblos occurred 
(Cordell and Plog 1979). In addition, this analysis_ of Pueblo III pit houses in the Homol'ovi area is 
important because the settlement and subsistence systems used by late pit house dwellers in the 
northern southwest are poorly understood. 

Archaeologists find a variety of features that could have functioned as storage facilities. Many of 
the small shallow pits found in structure floors may have been used to store food and supplies that were 
needed daily or weekly. These pit features probably also served functions other than the storage of food. 
Because this discussion specifically examines changes in long-term storage facilities, only the larger 
pit features are included. Pits with a maximum diameter or length less than 60 cm or with a maximum 
depth less than 20 cm are not classified as long-term storage facilities~ 

2 This size cut-off is arbitrary but based on a comparison of the pit featmes from the two archaeological sites examined 

in this analysis. Although the distribution of pit dimensions is not bimodal the smaller features tend to cluster together, while the 
larger ones are more variable. 
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Infonnation from two archaeological sites is used to examine changes in storage prac;tices in the 
Homol'ovi area. Extensive excavations, which llllcovered both structures and extra-mural fe8:tures, have 
been undertaken at these two sites. The first site is a pit house village (AZ J:14:36 [ASM]), which 
contains a Basketmaker III and Pueblo ID occupation (Figure 3.1). Eleven extra-mural features and 
seven structures have been uncovered at this site (Figures 3.2 and 3.3). Four of these structures are 
circular Basketmaker ID pit houses (Structures 3, 5, 1 0 1, 104 ). Toe Pueblo III structures include two 
square pit houses (Structures 4 and 103) and a larger pit structure (Structure 2) that is over 15 meters 
in diameter and represents some type of community facility. The second site is a pueblo, called 
Homol'ovi ill (Adams 1989a; 1993). This analysis examines only the early occupation of Homol'ovi 
III (AD. 1275-1300). Thirteen surface rooms and four pit structures that date to the early occupation 
have been excavated (Figure 3. 4 ). In addition, 21 extra-mural features from the early occupation have 
been found in extensive testing of the plaza area. 

Basketmaker III Storage Facilities 
The Basketmaker III storage facilities consist of antechambers and pits. Evidence of an 

antechamber was found in one of the pit houses (Structure 3). However, this antechamber was not 
excavated Next, one of the four Basketmaker III structures (Structure 104) contained a storage pit 
(Figure 3. 3)._ A large bell-shaped pit was also found in one of the extra-mural testing areas at AZ 
J:14:36 (ASM) (Figure 3.2). The dating of this feature is based on the ceramics within the feature as 
well as a conventional radiocarbon date on burned grasses (Young 1996). This feature was nearly one 
meter deep and a meter and a half at its maximum wi~ with a volume of approximately 1.1 cubic 
meters. Consequently, this feature would have held roughly 31 bushels of stored foods. 

How many people per year could have been fed on the contents of this bell-shaped storage pit? To 
answer this question, I rely on a recent simulation of agricultural populations on Black Mesa (Lebo 
1991). Lebo assumes that the populations on Black Mesa depend on com for 75% of their calories 
throughout the year and therefore estimates that 152 kg of shelled com were eaten by the average 
person each year. This amount equals approximately six bushels of corn kernels per person. Therefore, 
if the Basketmaker III storage pit was filled with com kernels and the inhabitants of this site were as 
dependent on corn, as the Black Mesa populations, five people could have been fed from the contents 
of this pit However, com may well have been less important in the diet of the Basketmaker III 
populations residing in the Homol'ovi area; and these people probably did not rely on the supplies 
within this pit for an entire year. As a result, the contents of this storage pit may have fed more than five 
people during a single year. 

Pueblo Ill Storage Facilities 
Although extensive deposits dating to the Pueblo III occupation were excavated, only a few features 

and structures have been uncovered (Figure 3 .1 ). As a result, the types of storage facilities used during 
this occupation are difficult to discem However, the information that is available does provide some 
interesting contrasts to the Basketmaker ill and Pueblo IV storage practices. 

Evidence of the use of storage pits or antechambers was not fmmd in either of the two Pueblo III 
pit houses (Structures 4 and 103). A five by five meter test area in the large community structure 
(Structure 2) uncovered several large pits, two of which are big enough to be classified as long-term 
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storage facilities. However, these pits are bowl-shaped, with sloping sides that narrow at the base. 
Cylindrical or bell-shaped cross-sections are more common for sealed storage features. Consequently, 
these pits may not have been used for long-term storage. Ne~ only one storage pit dating to the Pueblo 
m occupation was found in the extramural areas. This pit is plaster lined but fairly small, only 40 cm 
in diameter and 35 cm deep. 

Test excavations in a rubble scatter (Figure 3.2) suggest these stones were probably the foundation 
of a badly erodedjacal structure (Structure 1). This structure may have been used for storage and was 
not obviously associated with any particular pit house from this occupation of the site. Although the 
evidence for the use of a jacal structure as a storage facility in the Homol'ovi area is tenuous, evidence 
of a jacal storage facility in association with late pit houses has also been found in the Holbrook area 
(Van West 1994a). 

Early Pueblo IV Stora'le 
The storage facilities of the early Pueblo IV occupation were primarily masonry rooms (Figure 3.4). 

Rooms that functioned as storage areas were identified by the absence of a hearth. The original 
occupants of Homol'ovi ID buih a linear row of masonry rooms that were organized in suites, one 
habitation room associated with a store room (Adams 1993). As adobe rooms were added to the front 
of the original row of rooms, some of the masonry habitation rooms were converted to store rooms. 

Pits were rarely used for storage during this occupation. None of the rooms that were excavated at 
Homol'ovi ID contained large pit features that could have functioned as long-term storage facilities. 
Of the 21 extramural features associated with the early occupation of this site, only two could have 
functioned as storage facilities. The other extramural features have clear evidence of burning. 

Monitoring Changes in Residential Mobility through Storage 
These changes in the storage features suggest that the residential mobility strategies used by the 

residents of the Homol'ovi area changed over time. For example, storage in a large bell-shaped pit 
implies that the Basketmaker ID populations were concerned with concealing their stores. As 
mentioned above, raiding, tribute payment, and seasonal abandonments are all reasons to conceal 
stored foods. Because prehistoric populations levels were low in the Homol'ovi area until the late AD. 
1200's ~ et al. 1994) and no evidence of oppressive political powers have been found, raiding and 
tnbute payment were most likely not important factors during the Basketmaker ID period Therefore, 
the use of pit storage by Basketmaker III residents suggests that they seasonally abandoned their pit 
house village in the Homo!' ovi area and made residential moves to other locations. Although 
antechambers were also probably used as storage facilities, experimental studies ( Gross and Wolf 1984) 
suggest that hmnidity levels within these chambers :fluctuate substantially. In addition, rodents and 
insects can enter these antechambers with relative ease. As a result, antechambers did not provide 
optimal conditions for long-term storage of food 

The storage facilities of the Pueblo III occupation suggest that these late pit house dwellers used 
a different residential mobility strategy than their Basketmaker ill predecessors. Although an 
extra-mural storage pit was uncovered, this pit is smaller than the Basketmaker ID bell-shaped pit and 
thus did not hold large quantities of stored foods. Jacal structures may have been the primary long-term 
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storage facilities used by the Pueblo ill residents. Because jacal structures are not conceal~ stores 
were probably not seasonally abandoned for long periods of time. Ne~ jacal structures usually contain 
doors or hatches, making them fairly easy to open and close repeatedly. The ability to regularly open 
storage facilities suggests that stored foods were probably an important part of the Pueblo Ill diet, at 
least during the non-growing season. Furthermore, because jacal structures usually have relatively thin 
walfa, temperatures within these facilities can fluctuate widely ( Gross and Wolf 1984). This lack of 
concern for climate control suggests that the Pueblo ill residents did not anticipate storing their food 
for multiple years. Finally, storage facilities do not appear to be associated with specific habitation 
structures. The location of storage facilities within communal areas of the site suggests that sharing of 
stored food that was probably not restricted. 

The use of store rooms during the early Pueblo IV occupation of the Homol'ovi area points to a 
degree of sedentism and dependence on storage that was lacking during the two previous occupations. 
The masonry store rooms at Homol'ovi ill are located on the highest part of the site, which would have 
helped minimize the loss of stores due to moisture damage from flooding that occurred at Homol'ovi 
Ill prehistorically. This concern with controlling conditions in storage facilities and minimizing storage 
loss suggests that storage was an important mechanism for evening out variation in the food supply 
between years. In addition, the association of storage rooms with particular habitation structures 
suggests that individual households controlled access to their stores. This type of control implies that 
sharing of food was restricted. 

Conclusions 

These changes in storage practices point to decreases in residential mobility. Specifically, the 
Basketmaker ill inhabitants probably used a residential mobility strategy that included seasonal 
abandonment and reuse of their pit house village in the Homol' ovi area The storage features of the 
Pueblo ill occupation suggest that these late pit house dwellers remained at their village for longer 
periods of time than their Basketmaker predecessors but were not as heavily dependent on storage as 
the Pueblo IV populations. Similar to the Baske1maker ill occupation, the Pueblo ill pit house dwellers' 
system of sharing was probably not restricted. Finally, the storage facilities used by the early Pueblo 
IV residents of Homol' ovi ill point to a degree of sedentism that involved habitation of the pueblo by 
at least some portion of the population for the entire year. Occupation for several years was also 
anticipated by these inhabitants. 

Although this temporal increase in sedentism in the Homol'ovi area is not surprising, some 
interesting variations in residential mobility patterns have been postulated. For example, the 
information presented above suggests that the Baske1maker ill pit houses were seasonally occupied by 
mobile populations-a finding similar to other studies of the pit house to pueblo transition ( Gilman 
1987; McGuire and Schiffer 1983). However, I have also been able to argue that these pit ~10uses were 
seasonally abandoned and reoccupied. In addition, the Pueblo ill pit house dwellers were shown to be 
more sedentary than the Baske1maker III populations. The identification of these differences in 
settlement strategies used by pit house populations was made possibly by examining the relationship 
between residential mobility and storage requirements. Finally, this study also suggests that the pit 
house to pueblo transition in the Homol' ovi area encompassed several decreases in residential mobility. 
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Introduction 

During the early Pueblo IV period, circa A.D. 1300 to about 1400, ceramic types within different 
wares, including Jeddito Yellow Ware, Roosevelt Red Ware, White Mountain Red Ware, Winslow 
Orange Ware, and others, seem to belong to a pan-regional design tradition extending from-north.em 
Arizona and New Mexico as far south as Mexico (Crown 1992). Each ware remains distinct from the 
others because potters in each region selected materials and firing conditions to produce pottery of 
different colors. The color differences among these wares are obvious and highly visible: White 
Mountain Red Ware polychrome types, such as Fourmile Polychrome, have bright red slip with dense 
black paint and thin white outlines (Carlson 1970). Roosevelt Red Ware types (Salado Polychromes) 
have dull red and white slipped areas, with matte, dark gray to black organic paint (Crown 1994). 
Jeddito Yellow Ware has a bright yellow color, sometimes varying from cream to orange, with matte 
brown to black paint (Hays 1991; Smith 1971). Winslow orange ware types have orange to tan or red
slipped surfaces with brown paint, often with white outlining. 

In 1937, Harold Colton and Lyndon Hargrave placed five of the types that concern us here in the 
Alameda Red Ware. Alameda Red Ware had two series. Homol'ovi Polychrome and Black Ax 
Polychrome were placed in a Homolovi Series together with Showlow Black-on-red Colton and 
Hargrave placed Chavez Pass Black-on-red and Chavez Pass Polychrome in the Chavez Pass Series. 
They also defined Winslow Orange Ware as having two series. Tuwiuca Orange and Tuwiuca Black
on-orange were placed in the Winslow Series; Jeddito Blac~-on-orange and Jeddito Polychrome were 
assigned to a K waituki Series. 

In 1956, Colton revised his classification of Winslow area pottery as he obtained more data on 
distnbutio~ frequencies, and the kinds of materials used to make various kinds of pottery. He rejected 
the term Alameda Red Ware. Recognizing that Showlow Black-on-red was more like a Mogollon 
Brown Ware and Jeddito types were more like Hopi area pottery, he removed these types to Mogollon 
Brown Ware and Tsegi Orange Ware. He then redefined Winslow Orange Ware, and gave it two series. 
He placed Tuwiuca Orange, Tuwiuca Black-on-orange, Homolovi Polychrome, and the Chavez Pass 
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types in the Winslow Series, and put Black Ax Polychrome and Homolovi Black-on-req, in the 
Homolovi Series. 

The two series system still makes some sense in that Black Ax Polychrome and Homolovi Black
on-red are probably made from a different clay source than the other types, one that probably occurs 
somewhere in the Petrified Forest area (Vint 1990: 125). Therefore, the name Homolovi series does not 
seem appropriate in this regard As we shall demonstrate below, the Chavez Pass types have a different 
temporal distribution than the other types. Although they probably come from the same source as 
Tuwiuca types and Homolovi Polychrome, they do not merit a formal series designation Nonetheless, 
breaking them out as a group does provide important chronological information. 

In this article, we have chosen to define three informal series within the Winslow Orange Ware. 
We distinguish our informal series from Colton' s series by using descriptive terms rather than the 
geographic terms that mark formal classifications. We recommend that a Ceramic Conference formally 
reorganize the pottery classification of the middle Little Colorado area sometime in the near future. Our 
classifications are as follows: 

1) Slipped series: Chavez Pass Black-on-red and Polychrome that superficially resemble 
Pinedale Polychrome and Pinedale Black-on-red and are rare by AD. 1300, 
2) Red-paste series, including Homolovi Black-on-red and Black Ax Polychrome, 
which are most frequent in the Petrified Forest area, and 
3) a more widely distnbuted and longer lasting unslipped series consisting of Tuwiuca 
Black-on-orange and Homolovi Polychrome, characterized by a dull orange color often 
ranging to pink, tan, or buff. 

Except for color and other aspects of technology, Winslow Orange Ware types resemble Bidahochi 
Polychrome, A watovi Black-on-yellow, Cedar Creek and early Fourmile Polychrome, Pinto-Gila 
Polychrome, and some Zuni glaze wares, among other types manufactured over a very large area. This 
shared stylistic tradition and ceramic cross-dates at Homol'ovi N (Bubemyre 1993) suggest that 
Winslow Orange Ware dates roughly between AD. 1260 and 1350. 

All of these roughly contemporaneous types share certain stylistic features: most bowls have a 
broad, subrim banding line below incurving rims. This banding line usually has a deliberate break in 
it, sometimes called the "spirit break." A circular design field appears centered in the bowl below this 
band Jars~ too, usually have the subrim banding line and sometimes have two, above and below a 
banded design field In bowls, four-fold rotational symmetry is very frequent. Two and three-fold 
designs also appear, and, after about AD. 1300, bilateral and asymmetric designs appear and increase 
in :frequency. Designs usually include corbeled and hatched lines as filler, a characteristic that appears 
as early as the mid-1200s. Birds, snakes, kachina faces, and other iconography associated with the 
Southwest Regional Cult appear on virtually all the types in question after about 1300 ( Crowri 1994 ). 

Recently, the origins and distribution of some of these Pueblo N wares and types have received 
much attention, for example, types withinJeddito Yellow Ware (Adams et al. 1993; Bishop et al 1988; 
Upham 1982) and Roosevelt Red Ware (Crown 1994). At least one author suggested that Jeddito 
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Yell ow Ware was a commodity traded among elites to symbolize their preeminence over the masses 
(Upham 1982). There is good evidence that Jeddito Yellow Ware was traded; for example, nearly 
ninety percent of the decorated sherds excavated (N = 3261) and surface collected (N = 13,135) from 
Homol'ovi II are Jeddito Yellow Ware (Hays 1991:29, Table 3.6). Compositional analysis matched 25 
Homol'ovi II Jeddito Yellow Ware sherds with clay sources on Antelope Mesa near the site of Awatovi 
(Bishop et al. 1988:331, Table 7), 100 km. to the north of the Homolovi Ruins State Park. Adams et 
al. (1993) note that Jeddito Yellow Ware is found at sites of varying sizes and functions, and so was 
unlikely to have been an elite-controlled commodity. 

The stylistic similarity of Roosevelt Red Ware pottery across a broad region from the Little 
Colorado to Mexico, and the Phoenix Basin into New Mexico, has recently been attributed to the 
participation of prehistoric people in a ritual cult focusing on the earth and fertility. Differences in paste 
across this region weigh against the notion of restricted production of these types ( Crown 1994 ). This 
assertion relies on 1) the evidence for production of Roosevelt Red Ware in a variety oflocations based 
on chemical assessments of the paste (Crown and Bishop 1994 ), a pattern that was earlier detected in 
petrographic data (Danson and Wallace 1956), and 2) the interpretation of repeated motifs in the vessel 
decoration as iconography of a cult ( Crown 1994 ). 

Winslow Orange Ware pottery clearly belongs to the early developmental phase of the broad 
stylistic tradition described by Crown ( 1992), but remains relatively unknown. Winslow Orange Ware 
is of interest in understanding Pueblo N economy and ideology because it was made in and distributed 
from a region between the Hopi and Salado heartlands, and because its manufacture apparently ceased 
sometime in the early 1300s. As a short-lived and early manifestation of a regional style, it may help 
provide chronological evidence for stylistic developments in other areas. For example, kastina 
depictions are rare on Winslow Orange Ware and non-existent on early examples, Crown's bird-snake 
complex is also rare here, but banding lines and line breaks appear earlier on Winslow Orange Ware 
types than on Salado Polychromes. 

This paper will discuss Winslow Orange Ware types using collections from sites occupied at 
different but overlapping periods and will provide expanded type definitions for the types within 
Winslow Orange Ware. We will present our arguments for the local manufacture of Winslow Orange 
Ware in the Homolovi Ruins State Park area (based on preliminary petrographic and oxidation data) 
and summarize our current understanding of the technological and stylistic affinities of types within 
this ware. 

The Collections 

Winslow Orange Ware is present at all late Pueblo III and early Pueblo N period sites, including 
a small all-adobe pueblo (AZ J:14:316 (ASM); Gann 1995), within the Homolovi Ruins State Park. The 
Homol'ovi Research Program has thus far intensively investigated three sites that contain Winslow 
Orange Ware: Homol'ovi II, III, and N (Table 4.1). The type descriptions below draw heavily on 
samples from Homol'ovi ID with some contnbutions from Homol'ovi IV collections. Although sites 
containing a large proportion of Winslow Orange Ware are geographically restricted to the Homol'ovi 
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Site 

Homol'ovi IV (AZ J:14:13 ASM) 

Homol'ovi m (AZ J:14:14 ASM) 
first occupation 
seasonally occupied 

Homol'ovi II (AZ J:14:15 ASM) 

Table 4.1 
Homol'ovi sites. 

Dates (AD.) Basis 

1260-1280 ceratmc 

1275-1300 ceranuc 
mid-l 300s cerarmc 

1330-1400 radiocarbo~ 
archaeomagnetic, 
cerarruc 

References 

Hays et al. 1991:4 

Hays et al. 1991:4 

Madsen and 
Hays 1991:11, 
Table 2.2 and 20-
21; Hays 1991 

sites, Nuvakwewtaqa (Chavez Pass), and Petrified Forest areas, Winslow Orange Ware is found in veiy 
limited quantities at sites as far away as Pueblo Grande in the Phoenix Basin (Bubemyre, personal 
communication). 

Homol'ovi III (AZ J: 14: 14 [ ASM]) is a 50-room pueblo having at least two occupations that can be 
demonstrated architecturally, strati.graphically, and ceramically (Adams 1989a). The first occupation 
dates to approximately AD. 1275-1300 and is slightly laterthanHomol'ovi IV (Table 4.1). The second 
occupation, actually a series of seasonal occupations, dates to the mid-1300s. The decorated potteiy of 
both occupations is dominated by Winslow Orange Ware, which comprises just over 20 percent of the 
total collection (n = 45, 469) or 60 percent of the decorated sherds. The site also contains small 
amounts of White Mountain Red Ware, Roosevelt Red Ware, Jeddito Black-on-orange (the terminal 
type in the Tsegi Orange Ware, see Smith 1971), and various white wares, predominately the Cibola 
White Ware type Pinedale Black-on-white. Jeddito Yellow Ware appears in trace amounts in the 
earliest levels, and rises to about nine percent of total sherds in the latest deposits (Hays-Gilpin and 
Lyons 1996). 

Homol'ovi IV (AZ J:14:13 [ASM]) is a 150-room pueblo that was occupied between approximately 
AD. 1260-1280/1285, based on ceramic and environmental evidence (E.C. Adams, personal 
communication 1995). Of the 16,734 sherds analyzed, 18 percent of the total collection is Winslow 
Orange Ware. Smaller amomrts ofTsegi Orange Ware, Jeddito Black-on-yellow, Roosevelt Red Ware., 
White Mountain Red W a.re, and a variety of white wares also comprise the decorated collection 
(Bubemyre 1993:3, Table 1). The association of Winslow Orange Ware with reasonably well dated 
imported ceramics from the late 1200s (Kiet Siel Polychrome., Jeddito Black-on-orange., Polacca Black
on-white, andKayentaBlack-on-white. See Ambler 1985; Colton 1956; Smith 1971) atHomol'ovi IV 
suggests the late 1200s as a start date for Winslow Orange Ware. 

Homol'ovi Il (AZ J:14:15 [ASM]) is a 1200 room pueblo that was occupied between approximately 
AD. 1330 and 1400 (Table 4.1). Of the 6.,489 sherds analyzed from excavated contexts., only two 
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percent are Winslow Orange Ware (Hays 1989:29, Table 3.6 and 34, Table 3.12). As noted above, the 
overwhelming majority of decorated sherds is Jeddito Yell ow Ware, with very small amounts of White 
Mountain Red Ware, Roosevelt Red Ware, Zuni glaze pottery, white wares, and Jeddito 
Black-on-orange. 

Manufacture of Winslow Orange Ware at Homol'ovi Sites 

In revisiting the question of ceramic production and distnbution armed with new data and new 
methods, we are confident that Colton ( 1956) was correct in surmising that Winslow Orange Ware 
came from the Winslow area. Winslow Orange Ware is the dominant decorated ware in sites in this 
area during the late AD. 1200s. Several clays in the Homolovi Ruins State Park match Winslow 
Orange Ware pastes (Bubemyre 1993:16, Tables 3 and 4; Vaitkus 1986:19). In addition, identification 
of mineral inclusions in the paste of Winslow Orange Ware sherds by geologist Steven Williams (1990) 
suggests a local origin for tempering materials 

Three clay and sherd oxidation studies with different goals have been performed by the Homol' ovi 
Research Program and affiliates. Robert V aitkus (1986) focused on replicating Winslow Orange Ware 
using local materials and thus sought to duplicate past firing temperatures. The second oxidation study 
(Bubemyre 1993) sought to standardize the treatment of clays from potential sources and Winslow 
Orange Ware sherds in an attempt to find matches between the clays and sherds. All clays oxidized 
( excepting one alluvial sample) appeared to originate in the Moenkopi Formation, which dominates 
this area (McKee 1954; Wilson 1962:46). Finally, James Vint (1990) compared samples of Winslow 
Orange Ware sherds from Homol' ovi ID and Puerco Ruin in the Petrified Forest. 

In an attempt to replicate Winslow Orange Ware from materials collected within the Homol'ovi 
Ruins State Park, Vaitkus (1986:15) oxidized three Homol'ovi clay sources at 810°Celsius for 90 
minutes. This temperature was selected because dilatometer experiments estimated this firing 
temperature for Winslow Orange Ware (Block 1985 :7-8) . The oxidized Munsell colors of these 
samples are found in Table4.2. Although Vaitkus (1986:23) suggests that samples A and Care too red, 
and Bis too ''light," B does fall within the Munsell readings for Winslow Orange Ware from paste and 
surfaces of sherds that were not experimentally oxidized (Appendix C: Tables C.1-C.7). 

Table4.2 
Clay sources oxidized to imitate original Winslow Orange Ware firing conditions 

(from Vaitkus [1986:19, Table 5]). 

Clay Source A 

Clay Source B 

Clay Source C 

Moenkopi 

Moenkopi 

Alluvial 

2.SYR.5/8 

7.5YR 7/6 

2.5YR 5/8 
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Table 4.3 presents data on clays from Homolovi Ruins State Park oxidized at a higher temperature: 
t,, 

950° Celsius for 30 minutes. This firing temperature overcomes the vagaries of different firing 
temperatures and atmospheres in the clays and sherds of interest and aids assessment 

.. 

Table 4.3 
Oxidation results for clays from the Homolovi Ruins State Par~ probably Moenko:ei Formation 

Sample Oxidized Oxidized Buff Oxidized Oxidized Total 
Number Munsell color group 1 Yellowish-red Red color 

color ~OU:Q 5 g[OU:Q 6 

C-2 2.5YR 5/6 1 1 

C-4 2.5YR5/6 1 1 

C-5 2.5YR6/6 1 1 

C-7 2.5YR4/8 1 1 

C-8 5YR5/8 1 1 

C-9 2.5YR 5/6 1 1 

C-10 2.5YR 5/6 1 1 

C-12 2.5YR 5/6 1 1 

C-16 5YR6/6 1 1 

C-17 2.5YR 5/6 1 1 

C-21 2.5YR4/8 1 1 

C-23 2.5YR4/8 1 1 

HP-351 2.5YR5/6 1 1 

1 1 

Total 1 2 11 14 

of correspondences of sherds to collected clays (for example~ see Bubemyre and Mills 1993). When 
all sherds are fired to the same higher-than-original temperature, virtually all available iron is oxidize4 
and all available carbon bums away. The Munsell readings included in each oxidized color group are 
included in Appendix D. One clay sample from the Homolovi Ruins State Park oxidized to color group 
Buff 1, and two clay samples oxidized to color group Yellowish-red 5. Most oxidized to color group 
Red6. 

These clays are similar to Winslow Orange Ware sherds from Homol'ovi IV that were also oxidized 
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at 950° Celsius for 30 minutes. Sherds in Table 4.4 are Tuwiuca Orange and Tuwiuca Black-on-orange; 
temper types include 1) colored sand and 2) sherd and colored sand temper. Of all Tuwiuca sherds 
oxidized, 3 of the 43 oxidized to color groups Buff 2 and 3, 30 sherds oxidized to color groups 
Yellowish-red 4 and 5, and 10 oxidized to color group Red 6. The color groups Buff 1, Yellowish-red 
5, and Red 6 are represented in the oxidized clay samples (see Table 4.3). Therefore, all of the sherd 
colors correspond to clay colors, indicating that sherds that could have been made from clays in the 
Homolovi Ruins State Park area. 

Table 4.4 
Summary table of oxidation results for Tuwiuca Black-on-orange and Tuwiuca Orange from 

Homol'ovi IV 

Type . Temper Oxidized Color Groups Total 

2 3 4 5 6 

Tuwiuca Colored sand temper 2 1 2 7 5 17 
Black-on-
orange Colored sand and sherd temper - - 1 18 3 22 

Total. 2 1 3 25 8 39 
--···--------------·-···· .. --------·--···--··---·----·-······-·--·-------------··········-···-----·--·-·---------· .. .. .. .. ... .......... _______ ., ., ______________ ., _ ,. ............... _ .. .. .. . .. ......... .. ...................... .. ..... .. . 

Tuwiuca Colored sand temper - - 1 - 2 3 
Orange 

Colored sand and sherd temper - - - 1 - 1 

Total. - - 1 1 2 4 

In the third Winslow Orange Ware oxidation study, James Vint (1990:293) retired Winslow Orange 
Ware sherds from Homol'ovi musing a maximum temperature of 950°Celsius and a hold time of 60 
minutes. His results are very similar to those obtained from Homol'ovi IV(Bubemyre 1993). At 
Homol'ovi III, oxidized sherds split evenly between color groups Yellowish-red 5 and Red 6, with fewer 
sherds oxidizing to color group Yellowish~red 4 and only one oxidizing to the Buff 1 (Table 4.5). Vint 
also refired Winslow Orange Ware from the Puerco Ruin in the Petrified Forest. These sherds 
predominately oxidized to color group Red 6, although small percentages are also present in color 
groups Buff 3, Yellowish-red 4 and 5, and Red 7 (Table 4.5). 

Experiments by Vaitkus (1986:21) indicated that 40 percent temper and 60 percent clay was ideal 
for workability with clays from sources A and B, collected in the Homolovi Ruins State Park. These 
experiments were confirmed by examination of 40 thin sections of Winslow Orange Ware sherds from 
Homol'ovi ill by Williams (1990). These thin sections included Tuwiuca Black-on-orange, Homolovi 
Polychrome, Chavez Pass Black-on-red, and Chavez Pass Polychrome. Williams noted that the 
following minerals were present in all Winslow Orange Ware sherds examined: monocrystalline and 
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polycrystalline quartz, chert, twinned and stained feldspar, and microcline. Table 4.6 identifies 
additional minerals that were also present in these Winslow Orange Ware sherds, in smaller~or more 
variable amounts. The temper seen in these sherds might have originated in colluvial deposits in the 
Shinarump member of the Chinle formation based in part on temper color and angularity (Hays 
1991:30; Vaitkus 1986:23-24); Shinarump deposits are abundant in the Homolovi Ruins State Park. 

Table4.5 
Oxidation results, Winslow Orange Ware from Homol'ovi ill and the Puerco Ruin 

(from Vint 1990:293). 

Site Type Oxidized Color Groups 

1 2 3 4 5 6 7 

Puerco Winslow Orange Ware - - 2 - 1 133 1 
Ruin 

Homolovi Polychrome 2 6 73 1 - - -

Total - - 4 - 7 206 2 ....................................... ________________________ _____ ___ ................................. . .... ----- ... ---.........•.......... ---------· .. --·-···. --- ------- ................... --- . ---

Homorovi 
III 

Winslow Orange Ware - - - 1 2 3 -
Homolovi Polychrome 1 - - 5 9 11 -

Total 1 - - 6 11 14 -

Technological and Stylistic Affinities of 
Winslow Orange Ware and Expanded Type Descriptions 

Total 

137 

82 

219 
-------············-· 

6 

26 

32 

In general, Winslow Orange Ware is characterized by coiled construction, thinning by scraping, a 
relatively soft, crumbling paste with abundant temper, gritty surface texture, and a wide range of colors 
including orange, yellow, p~ bllfl: tan and red (Appendix C). Paint is usually dark brown, thinly 
applied, and flat. White paint used for outlining is quite variable, but often thick and somewhat 
fugitive. The most abundant types at Homol'ovi ill are unslipped types Tuwiuca Black-on-orange and 
Homolovi Polychrome, and slipped types Chavez Pass Black-on-red and Chavez Pass Polychrome 
(Hays-Gilpin and Lyons 1996). At Homol'ovi IV, the most abundant type by far is Tuwiuca 
Black-on-orange; Chavez Pass Black-on-red and Homolovi Polychrome are a distant second and third 
(Bubemyre 1993). The decorative style of all types in this ware combines features of northern, Hopi 
Mesas types Jeddito Black-on-orange and Awatovi Black-on-yellow with features of southern types 
such as Pinedale, Cedar Creek, and Fommile Polychromes. 

Paste and Temper Characteristics 
Winslow Orange Ware appears to have been locally manufactured in the Homol'ovi area (see 

above), and also in the Petrified Forest area (Vint 1990) Temper, in addition to rounded and angular 



No. 

1 

7 

10 

12 

13 

Tuwiuca 14 
Black-on-

16 Orange 

17 

19 

22 

23 

24 

28 

30 

33 

2 

3 

6 

8 

Homolovi 15 
Polychrome 

18 

20 

26 

29 
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Table4.6 
Geological identifications of temper inclusions. 

Chalcedony Mica ''Basalt" Olivine Pvroxine Carbonate 

- Biotite X - - -

X - X - X X 

X - X - X X 

X Biotite - - X X 

X - - - - -
- - X - - -

- - X X - -

X - - - X X 

- - X - - X 

- - X - - X 

- - X - - -

- - X - - X 

- - - - X -

X Biotite X X - X 

- - - - - -

X - - - - X 

- - X - X -

- - X - - -

- - X - - -

- Biotite - - - -

- - - X X X 

- - - - X X 

X - X - - X 

X - - - - -
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No. Chalcedony Mica ''Basalt" Olivine Pvroxine Carbonate 

32 - - - - X X 

34 X - - X X X 

4 - Biotite - - - X 

Chavez Pass 9 X - X - X -
Black-on-Red 

25 - - X - - X 

27 - - X - - X 

31 - - X - X X 

36 - - X - - -

Chavez Pass 5 - - - - X X 
Polychrome 

11 - - X - X X 

multilithic san~ includes crushed sherds which vary in quantity from predominant to very sparse. 
About half the examples from Homol'ovi .ID submitted for analysis to geologist Williams had some 
macroscopically visible (1 Ox hand lens) sherd temper. Williams found that all the sherds examined had 
at least some sherd temper visible in thin section Temper fragments are poorly sorted according to 
size. The source of the red angular fragments that are so common in Winslow Orange Ware has not yet 
been located in samples oflocal sand and clay, but does appear to be some sort oflocal mudstone (S. 
Williams 1990, personal communication). Rounded and angular mineral fragments occur, often 
together in the same example. 

Color 
Winslow Orange Ware displays a remarkable range of color, probably due to variation in the 

amount of iron in local materials, and to variable firing conditions. Munsell color values have the 
following range, based on a sample of about 100 Tuwiuca Black-on-orange and Homolovi Polychrome 
sherds from the late occupation ofHomol'ovi IIL in the mid-AD. 1300s: 2.5YR 5/4-6/8 and 5YR 
5/2-8/6, with some specimens of 7.5YR 6/0-8/2 and lOYR 5/1-8/3. Most sherds are Munsell colors 
pink, reddish yellow, light r~ or light reddish brown. Unoxidized surface and paste Munsell readings 
of the bicbrome and polychrome varieties of all three series of Winslow Orange Ware_ are found in 
AppendixC. 

Winslow Orange Ware at Homol'ovi ill is very frequently misfired, resulting in soft, crumbly paste, 
and extreme color variation (the relationship between incomplete oxidation and low chroma values is 
discussed by Rice 1987:343-345). Many vessels are only partially oxidized, and most have extensive 
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:fire-clouding. Some examples have a gray, gray-bro~ or greenish-gray color. In the sample from 
Homol'ovi IIL 15 percent of bichrome and 30 percent of polychrome sherds were misfired, colored 
gray, white, very pale bro~ light brownish gray, and pinkish gray (Hays-Gilpin andLyons 1996). 

Frequent misfiring may be due to the use of unsuitable fuel such as cottonwood and 
driftwood-very little high quality fuel would have been available in the Homol'ovi area. A small 
number of vessels are reduced, resulting in a type that might best be described as a white ware. This 
variant is infrequent and so has not yet been named as a type. 

Series and Types 
Red Par;;te Series 

Types within the red paste series have a brick-red paste with MW1Sell color values in the 1 OR range 
(Tables C.1 and C.2). Plain red is Black Ax Red, the bichrome type is Homolovi Black-on-red, and the 
addition of white outlining produces Black Ax Polychrome. 

These types are very rare at Homol'ovi IIL IV, and II (Table 4.7). At Homol'ovi III, they are more 
abundant in the early levels (two percent of Winslow Orange Ware) than in the later levels (less than 
one percent of Winslow Orange Ware) (Hays-Gilpin and Lyons 1996). At Homol'ovi IV, they comprise 
approximately one percent of the Winslow Orange Ware (Bubemyre 1993). At Homol'ovi 

Table4.7 
Black Ax series percentage of Winslow Orange Ware at Homol'ovi ID, IV, and II. 

Homol'ovi III Homol'ovi IV Homol'ovi II 

early late 

Percent 2 1 <1 excavation:O 
surface: 1 

II, this series was not identified from excavation contexts, and consists of just over one percent of 
Winslow Orange Ware in the surface proveniences (Hays 1991:31, Table 3.9). These low frequencies 
suggest that very high iron clay may have been locally available but seldom used, or that red-paste 
vessels came from somewhere else. Red-paste Winslow Orange Ware seems to be much more frequent 
in the Petrified Forest region (Vint 1990, see discussion above); perhaps Black Ax series vessels were 
produced there. 

Slipped Series 
The other two Winslow Orange Ware series have predominantly orange paste, although the color 

range includes yellow, pink, buff, gray, and tan (Tables C.3-C. 7). The addition of a thin red or orange 
slip defines the slipped series (Tables C.3 and C.4); this slip often has a watery appearance. Very often, 
this slipped Winslow Orange Ware has a gray or buff core, possibly indicating that the slip helped 
prevent complete oxidation of the paste or complete bum-off of carbon. The types in this series are 
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Chavez Pass Re~ Chavez Pass Black-on-re~ and Chavez Pass Polychrome. Temper is c4aracterized 
in Table 4.6 above, but does not seem to distinguish the slipped series from the Tuwiuca series, 
suggesting a production location for the two series that includes this geological material. Colton' s name 
"Chavez Pass" for this series is unfortunate, because it was likely made around Winslow, not at the 
Anderson Mesa site of Chavez Pass or Nuvakwewtaqa Potters there probably produced Alameda 
Brown Ware types Chavez Red and Chavez Brown. Occasional painted Chavez Brown has been 
informally named Chavez Polychrome, a potentially confusing term that should not be perpetuated. 

The Chavez Pass types are much more common in the early (late 1200s) component of Homol'ovi 
III, where they make up about 40 percent Winslow Orange Ware sherds (Table 4.8). In the late 
component (mid to late 1300s), only eight percent of Winslow Orange Ware sherds are slipped 
(Hays-Gilpin and Lyons 1996). At Homol'ovi N, this slipped series comprises eight percent of the 
Winslow Orange Ware (late 1200s) (Bubemyre 1993). This series is also very rare at Homol'ovi II, 
comprising about six percent of all Winslow Orange Ware in excavated proveniences and roughly two 
percent in surface proveniences (late 1300s) (Hays 1991:31, Table 3.9). Based on these data, proportion 
of slipped orange-pasted Winslow Orange Ware probably reflects temporal and site-by-site variations, 
with red slip popular in the late 1200s and then phased out at Homol' ovi ill but never popular at 
Homol'ovi N. 

Table 4.8 
Slipped series proportion ofWinslow Orange Ware atHomol'ovi ill, IV, and II 

Homol'ovi ill Homol'ovi IV Homol'ovi II 

early late 

Percent 40 8 8 excavation:6 
surface: 2 

Unslipped Series 
The most abundant types of Winslow Orange Ware at all the sites discussed here are unslipped 

Tuwiuca Orange, Tuwiuca Black-on-orange, and Homolovi Polychrome (Table 4.9). Both bowl 
surfaces and jar exteriors are polished but usually not shiny, and have a gritty texture. Colors of pastes 
and surfaces for types within this series are found in Tables C.5-C. 7 above. Temper characterizations 
are found in Table 4.6 an~ again, do not seem to distinguish the slipped and unslipped series. 

Tuwiuca Black-on-orange sherds comprise 36 percent of Winslow Orange Ware in early 
Homol' ovi ill deposits, decreasing to 32 percent in late deposits. Homolovi Polychrome sherds increase 
in quantity through time, from 6 to 34 percent of Winslow Orange Ware (Hays-Gilpin and Lyons 1996). 
At Homol'ovi N, TuwiucaBlack-on-orange accounts for 73 percent of the Winslow Orange Ware, 
while Homolovi Polychrome comprises 2 percent of the Winslow Orange Ware 
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Table 4.9 
T UWlUCa s . enes proportions o rw· 1 Oran w tnSOW tge are at H l' ·rnrv dII omo ovi , , an 

Homol'ovi Ill Homol'ovi IV Homol'ovi II 

early late 

Tuwiuca Black- excavation: 2 
on-orange 36 32 73 surface: 35 

Homolovi excavation:72 
Polychrome 6 33 2 surface: 54 

(Bubemyre 1993). At Homol'ovi II, Tuwiuca Black-on-orange sherds compose less than 2 percent of 
Winslow Orange Ware in the excavated proveniences and 35 percent in the surface proveniences. 
Homolovi Polychrome is a much larger component of Winslow Orange Ware: about 72 percent in the 
excavated deposits and 54 percent in the surface proveniences (Hays 1991:31, Table 3.9). These 
percentages suggest that Homolovi Polychrome was the most popular type when production of 
Winslow Orange ware ceased in the mid 1300s. 

Forms 
Winslow Orange Ware vessel fonns are predominantly bowls, jars, and ladles at Homol'ovi III and 

IV (Hays-Gilpin 1995; Bubemyre 1993). Bowls almost always share the same round-sided, inverted rim 
shape found in Jeddito Yellow Ware and Founnile Polychrome bowls. Four basic bowl rim shapes 
predominated in the Homol'ovi III assemblage: flat, round, beveled ( which can be rounded or faceted), 
and what we have called s-shaped (Figure 4.1 ). The s-shaped rim has a rounded beveled shape, but is 
slight]y everted, with an exterior protuberance. The flat shape resembles the predominant form of 
Fourmile Polychrome bowls, and the s-shape is characteristic of Jeddito Yellow Ware bowls, as well 
as bowls of Kintiel and Klagetoh Polychromes. The beveled shapes are also common in yellow ware 

Rounded Flot Beveled Rounded 
beveled 

Figure 4.1 Winlsow Orange Ware bowl rim profile categories 

S-shaped 
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and Jeddito Black-on-orange. 

In the Tuwiuca and Homolovi Polychrome types at Homol'ovi III, jars are usually some~hat squat, 
and may have a high shoulder or a more rmmded side; globular jars are also found Jar neck forms vary, 
as do ladle forms, but the range of shapes again resembles that found in the Jeddito Yellow Ware (see 
Hays-Gilpin 1995; Smith 1971), and includes straight "stove-pipe" rims with slightly everted lips, and 
short necks with strongly everted lips. Solid or hollow cylindrical ladle handles predominate, and are 
attached to a round cup at both Homol'ovi ID and N. Occasional animal forms appear as handles at 
Homol'ovi III. Several examples of bird-shaped vessels were recovered at Homol'ovi III (Hays-Gilpin 
and Lyons 1996), which resemble those found at Awatovi (Smith 1971). 

Paint 
Paint on Winslow Orange Ware is usually dark brown, with minute crazing. Sometimes it is light 

brown and somewhat thin. It often has a faded appearance, and is evidently easily abraded. It is 
assumed to have a mineral pigment in an organic binder/vehicle. Occasionally, pigment appears to be 
entirely organic, like that used on Little Colorado White Ware, Showlow Black-on-red, or Roosevelt 
Red Ware, for example. In Tuwiuca Black-on-orange sherds oxidized from Homol'ovi IV ( discussed 
above), the mineral paint is still black after oxidation, suggesting a high manganese content. 

White paint is quite variable. It is usually somewhat thick and chalky, and flakes off easily. 
Sometimes it is watery, faded, and iridescent White usually appears as outlining to black areas or black 
lines. Occasionally, massed areas of white are seen, or white details like ticking, dots, or flagged 
triangles, as seen also on Fourmile Polychrome. / 

At Homol'ovi Ill, a few examples of tricolor polychrome were found, on which a red-orange paint 
was applied in massed areas together with black massed areas and lines, and white outlining 
(Hays-Gilpin and Lyons 1996). This color combination corresponds with Kayenta Polychrome, a late 
Tsegi Orange Ware type (Colton 1956). The paste color of the Winslow Orange Ware variant is yellow, 
however, rather than orange like Kayenta Polychrome. This variant was not recorded during Homol'ovi 
IV ceramic analysis. 

filw 
Slip occurs only on the slipped series (Chavez Pass Black-on-red and Polychrome) and is usually 

thin and watery. A wide range of shades of red and orange occurs (see Tables C.3 and C.4 above). At 
Homol'ovi Ill, white slip occasionally covers a pink colored paste (Hays-Gilpin and Lyons 1996). This 
white slip is usually thic~ ivory colored, and sometimes has slight crazing, smearing, or both. This 
variation has no type name of its own as yet because only a few sherds were found They may come 
from the upper shoulder area of jars, which are slipped white in some Pueblo IV polychrome pottery 
of the White Mountain and Roosevelt red wares (Showlow Polychrome, always; Gila-and Tonto 
Polychromes, sometimes). This variant was not recorded during ceramic analysis at Homol'ovi IV. 
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Decoration and Szylistic Affiliations 
.Judging by examples from Homol'ovi II and III and whole vessels in museum collections, the most 

common design elements on Winslow Orange Ware vessels are thick black lines sectioning the design 
field, separated by blank spaces from areas bounded by thin lines and filled with hatchure and 
corbeling (see Figure 4. 2). Also common are triangles, serrate lines, interlocking keys, interlocking 
hatched and solid . spirals, terrace and half-terrace shapes. Less common are life forms, flagged 
triangles, "mosquito bar" or trellis combinations of hatching, dots and corbeling, ticking, dotted lines 
and dot filled areas. 

Two, three, and four-fold rotational designs are common in Winslow Orange Ware. These usually 
consist of broad lines, about the same width as the unattached banding lines, and include triangular or 
terrace-shaped areas filled with a combination of plain and corbeled hatchure. This combination of 
bold, thick lines with thin ones and with other small filler elements such as dots and small interlocking 
keys and flagged triangles is clearly an outgrowth of the design styles seen on late Pueblo III types such 
as Kayenta Black-on-white, Jeddito Black-on-orange (Smith 1971 ), and Pinedale Polychrome ( Carlson 
1970). 

These and other stylistic features of Winslow Orange Ware provide clues to the social and 
ideological affiliations of the Homol'ovi potters. HP. Mera argued that Winslow Orange Ware was 
developed from Showlow Black-on-red (Mera 1934) Different variables suggest connections with 
southern wares including White Mountain Red Ware, Cibola White Ware, and Roosevelt Red Ware; 
and northern ones including Tsegi Orange Ware and Jeddito Yellow Ware. As noted above, Winslow 
Orange Ware is part of a pan-regional design tradition. Crown (1992) argues that in the early Pueblo 
IV period, pottery from different regions is easily distinguishable by the presence of different colors 
in different areas, but stylistically, pottery from a very large area is unified by painted designs. These 
wares include not only White Mountain Red Ware, Roosevelt Red Ware (Salado Polychromes ), Jeddito 
Yellow Ware, and Winslow Orange Ware, but also Zuni and Rio Grande glaze wares, and some Rio 
Grande black-on-white and biscuit types. 

Despite these variable color schemes, stylistically, Winslow Orange Ware, Gila Polychrome, 
Awatovi and Jeddito black-on-yellow, Fourmile Polychrome, Pinnawa Glaze-on-white, Kechipawan 
Polychrome, Bidahochi Black-on-white (a late Hopi white ware type; basically an unoxidized Awatovi 
Black-on-yellow) and the late Tsegi Orange Ware type Jeddito Black-on-orange have many similarities 
in vessel shapes and painted decoration. First, all these types have a sub-rim banding line. This thick, 
solid banding line bounds the central design of the vessel Second, on all these types except Fourmile 
Polychrome, the banding line usually is left open; the space in the line is called a line break. At least 
99 percent of specimens in all Winslow Orange Ware types have this broken banding line, based on 
a study of whole vessels at the Field Museum of Natural History, discussed below. On bowls, this 
banding line appears at or just below the interior rim. On jars, it usually appears both above and below 
the band of decoration that encircles the vessel's body, but sometimes a banding line appears on the 
neck. In both bows and jars, there is almost always a blank area between banding line and design. 

The origins and chronology of the broken banding line are still somewhat unclear. Line breaks have 
been identified, albeit infrequently, on Cibola White Ware types and others as early as the AD 
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Figure 4.2 Winslow Orange Ware vessels. 

r .. 
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900s (Chapman and Ellis 1951). A broad subrim banding line separated by multiple thin lines is 
characteristic of Mesa Verde Black-on-white and Kintiel-Klagetoh tradition pottery of the late 1200s, 
but no breaks have been noted The thick line with break and without an accompanying set of thin lines 
probably appears first on Jeddito Black-on-orange, the terminal Tsegi Orange Ware type from the Hopi 
Mesas, which has a start date of about AD 1250 (Smith 1971 ). It is very frequent on Tuwiuca Black-on
orange at Homol' ovi IV, which Adams (personal communication 1995) proposes was founded around 
AD 1260. The earliest Roosevelt Red Ware type, Pinto Polychrome, begins around AD 1280 (Crown 
1994) and by definition lacks a banding line. The banding line, together with the line break, probably 
appears in Pinto-Gila Polychrome sometime in the early 1300s. Fifty-nine percent· of Salado 
Polychrome vessels examined by Patricia Crown had broken banding lines (Crown 1994:172). The 
banding line, without line bre~ by definition appears on Fommile but-not Cedar Creek Polychrome, 
suggesting a similar start date, ca. 1325, in the Mogollon Rim area 

The consistent presence of the banding line and other stylistic features reflects Homol'ovi 
participation in a widespread network of ideas about how pots should be decorated Indeed, variant 
layouts and colors ( descnbed above) are extremely rare. Their existence shows that potters occasionally 
exercised a wider range of options than they routinely employed Not all innovations were perpetuated, 
however; instead, most potters seem to have adhered to a fairly rigid set of rules about pottery 
decoration. In addition, the banding line, especially those with breaks, may also have had spiritual 
meanings about the productive and reproductive abilities and well-being of the potters that were shared 
over a wide area (Chapman and Ellis 1951; Crown 1994; Parezo, Hays and Slivac 1988). 

In bowls, the central design is often framed by a thin line, here called the framing line. Within the 
design field itself, attached to the framing line, may be a variety of design elements and layouts, 
described above, that also crosscut types. 

Bilateral and asymmetric designs increase in frequency toward the end of the fourteenth century, 
appearing on Jeddito Black-on-yellow, Sikyatki Polychrome, Fommile Polychrome, Gila Polychrome, 
Kechipawan Polychrome, Pinnawa Glaze-on-white, and less frequently, on Homolovi Polychrome, 
Awatovi Black-on-yellow, Bidahochi Polychrome, and Bidahochi Black-on-white. In the region as a 
whole, katsina figures appear on examples of almost all these types by that time, but none are found 
at Homol'ovi ID (Adams 1991a; Hays 1989, 1994) 

Winslow Orange Ware, then, was produced near the geographic center of this stylistically-defined 
region, and it was traded at least as far away as the Hopi Mesas (Smith 1971), Chavez Pass (Upham 
1982), the Phoenix Basin, and the Verde Valley. Winslow Orange Ware does not seem to have a style 
of its own. Instead, vessels with a Winslow Orange Ware fabric may imitate any number of other 
versions of the pan-regional style. Were it not for color and texture differences, most examples could 
not be distinguished from contemporaneous Jeddito Yellow Ware vessels. Some examples from early 
Homol' ovi ill deposits, however, bear the complicated designs and precise, rigid brush strokes that 
characterize Pinedale Polychrome. A very few pieces even have smeary white and red slips that suggest 
an imitation of Pinto or Gila Polychrome. Some examples from Homo]' ovi IV bear heavy-handed 
imitations ofKayenta Black-on-white mosquito-bar designs, and most appear to imitate Jeddito Black
on-orange designs. These early Winslow Orange Ware designs suggest that inhabitants ofHomol 'ovi 
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m tended to imitate southern styles, an inference supported by the high frequency of red slip in early 
examples from that site. In contrast, Homol' ovi IV inhabitants apparently looked north for 4tspiration. 
By the early AD 1300s, these north-south distinctions had faded, swamped by the development of the 
pan-regional 14th century style that included Southwestern Regional Cult and Katsina Cult iconography 
(Adams 1991a; Crown 1994). 

Temporal Indicators 
We examined the distribution of types in dated contexts to see if seriation by type is a feasible 

means of ordering deposits containing Winslow Orange Ware. As noted above, red slip is more 
frequent than no slip in early Homol' ovi III deposits, so at that site, presence or absence of slip is a 
temporal indicator. At the earlier and partly contemporaneous site ofHomol' ovi N, however, slip was 
never popular, therefore, it is a poor temporal indicator. Polychrome wares of all series appear to be 
later than bichrome varieties. Homolovi Polychrome is more abundant in the late component of 
Homol'ovi III (33 percent of Winslow Orange Ware sherds) than in the early trash levels (only 6 
percent) (Hays-Gilpin and Lyons 19%). Within Homo1'ovi IV, change through time cannot be assessed, 
but Homol'ovi Polychrome is only 2 percent of the Winslow Orange Ware (Bubemyre 1993). The 
slipped and red paste series also show an increase in polychrome treatment over time at Homol'ovi III, 
although sample sizes in the late deposits are really too small to support this (Hays-Gilpin and Lyons 
1996). Frequencies of these two polychrome types at Homol'ovi IV comprise less than one percent of 
the assemblage (Bubemyre 1993). From excavated proveniences at Homol'ovi 11, there are roughly 3 
percent Chavez Pass Polychrome and no Black Ax Polychrome; surface proveniences have less than 
one percent ofboth types combined (Hays 1991:31, Table 3.9). Therefore, seriation ofbichrome vs. 
polychrome types is probably a good temporal indicator, but seriation of slipped and unslipped types 
may only work at Hornor ovi III and should not be extended to other sites without other cross-checks. 
Red paste series types are too infrequent to be of use in the Homol' ovi area, but Petrified Forest area 
researchers should test for a bichrome to polychrome shift there. We conclude that seriation by type 
is probably not a reliable indicator of temporal order, and therefore tum our attention to attribute 
analyses. A cmsory examination of temper shows no apparent change over time, especially when thin 
sections are examined; likewise, paint appears to remain the same. Certain stylistic features, especially 
symmetry categories for whole vessels, and the position of banding lines on bowls and bowl rimsherds, 
appear to be useful as temporal indicators based on previous research on Jeddito Yellow Ware (Haynie 
1994, Levin 1990). 

Whole Vessel Study 

Few whole or even partially reconstructed Winslow Orange Ware vessels have been collected 
during the Homol'ovi Research Program excavations. Generally speaking, most whole vessels are found 
in human burials and in rooms that were destroyed or otherwise abandoned while in use. The 
Homol'ovi Research Program avoids graves whenever possible, and it seems that inhabitants usually 
took serviceable items with them when they abandoned the Homol' ovi rooms excavated so far. 
Vandalism no doubt removed many items as well. To study a large sample of whole Winslow Orange 
Ware vessels, one must tmn to old museum collections. In 1990, Kelley Hays-Gilpin analyzed a sample 
of the Wattron collection ofHomol'ovi I and II ceramic vessels housed at the Field Museum of Natural 
History in Chicago. Several thousand vessels were collected in the 1890s by Sheriff Wattron of 
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Holbrook, and were later sold to Stanley McConnick, who donated the collection to the Field Museum. 
Unfortunately, these vessels are provenienced by site only, and no information is available on their 
context. 

As the vessels are not shelved by size, catalog number, or provenience, the sampling strategy was 
to select the first twenty bowls that were accessible and not fragile ( museum personnel have identified 
many vessels as too unstable for handling due to conservation problems associated with the use of old 
glue in vessel reconstructions). The sampling strategy was not biased by vessel size unless large bowls 
tended to be more fragile. A cursory examination of specimens on the shelves suggested that this was 
not the case. 

Both polychrome and bichrome vessels were sampled, although slipped specimens ( Chavez Pass . 
types) were not examined because they were rare in the Wattron collection Although it is apparent that 
the Homolovi Polychrome vessels in the Wattron collection were recognized as a type as they were 
stored in one location, Tuwiuca Black-on-orange does not appear to have been recognized by Paul 
Martin (Martin and Willis 1940). When he catalogued and stored this collection, the Tuwiuca 
Black-on-orange vessels were interspersed among Jeddito Black-on-orange and Jeddito 
Black-on-yellow vessels, but were easily distinguished by color and surface texture. Five Tuwiuca 
Black-on-orange vessels were sampled from the yellow ware shelves, and 18 were sampled from the 
orange ware shelves using the strategy outlined above. 

Measurements were taken in millimeters with calipers, and a tape was used where calipers could 
not be inserted into the bowl Distance from rim to banding line (RB) was taken beginning at the point 
where the rim changes direction to become the vessel wall. For a flat rim, this was the 90 degree angle 
at the inside edge of the rim. For a beveled rim, this was the bottom of the bevel. For a rounded bevel 
or S shaped ~ this was the maximum protuberance of the curved portion of the rim into the bowl. 
The width of the banding line (WB) is the average width across this line. In polychrome vessels, white 
outlining was not included in this measurement-WP describes the black portion of the line only. 
Distance of banding line to design field (BD) was taken from the bottom of the banding line to the 
beginning (top) of the thin black line that encircles the design field (framing line). A~ white 
outlineswere ignored Width of the framing line (WF) is the last measurement taken (Figure 4 .3 ). 

Vessel diameter was taken using a tape across the bowl ~ from inside edge to inside edge. This 
figure actually reflects orifice diameter. Height was measured by placing a ruler horizontally over the 
mouth of the bowl and using a second ruler to measure the distance between the ruler and the table. 
Measurements for the 43 vessels examined were entered. into the Macintosh Data.desk package. 
Diameter was plotted against each rim line measurem~ and the process was repeated for vessel 
height Results showed that rim line measurements are not affected by vessel size. Large and small 
bowls have the same line widths and the same distances between banding line, rim, and design field 

The distnbution of bowl diameters is bimoda.L and suggests that potters consciously produced two 
size categories, centering around 170 mm and 220 mm, with a pronounced gap at 200 mm. This 
dichotomy between large and small bowls is more pronounced in Homolovi Polychrome than in 
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I Rim to banding line 

Banding line 

I Bonding line to design field 

Framing line 

Design field 

Figure 4.3 Winslow Orange Ware Bowl rimsherd design fields. 

Tuwiuca Black-on-orange, suggesting that size categories became more standardized over time, 
assuming that most Homolovi Polychrome is later than most Tuwiuca Black-on-orange (as noted 
above, the proportion of Homolovi Polychrome is greater during the late occupation ofHomolovi ill 
than in the early occupation, when the bichrome is dominant, and the bichrome dominates at Homol'ovi 
N, which dates to the late 1200s only). Size classes may have facilitated nesting the vessels for easier 
transportation ( see Whittlesey 197 4 ). 

Rim line measurements are affected by type in this sample. The rim to banding line distance is 
much greater for Homolovi Polychrome (mean= 4.35 mm) than Tuwiuca Black-on-orange (mean= 
1.96 mm). It should be recalled that these pots come from sites that were occupied between the late 
1200s and about AD. 1400, and that Winslow Orange Ware was probably no longer manufactured 
after A.D. 1350. Due to lack of provenience information, no pot in the Wattron collection can be 
assigned to a specific interval within this range, but the collection as a whole may contain a higher 
proportion of late Winslow Orange Ware vessels than does the Homol'ovi III collection, because 
Wattron concentrated his excavations at Homol'ovi I and II, which have a high proportion of post 1300 
deposits. Nonetheless, if most of the Tuwiuca Black-on-orange is earlier than most of the Homolovi 
Polychrome, these results suggest that the rim to banding line distance increases over time, a trend that 
has been intuitively recognized for both Winslow Orange Ware and J eddito Yellow Ware, and which 
is presently being tested with the Homol'ovi ill stratified deposits (Hays-Gilpin and Lyons 1996). 

Summary and Conclusions 

Types within Winslow Orange Ware are part of a broad stylistic tradition of the early Pueblo N 
period (Crown 1992). This tradition is clearly rooted in the late 1200s, conventionally placed in the late 
Pueblo ID period The late 1200s, as Crown (1994) and Adams (1991a) note, were a time of drought, 
migration, and population aggregation. Important changes in the structures of communities and 
religious activities resulted, and changes in ceramic production, distnbution, and decoration can also 
be seen in virtually every part of the Southwest. 
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Studies ofHomol'ovi and Petrified Foreset area ceramics show that all Winslow Orange Ware 

could have been made locally in the Winslow area, but that the red-paste series is more abundant in the 

petrified Forest and so might have been made there. There is continuity in decoration through the entire 

production sp~ from about AD. 1260 to about 1350, although there is a tendency toward looser 

brushwork and increased use of asymmetrical designs over time. During this s~ mtSlipped Winslow 

Orange Ware increases relative to slipped types at Homol' ovi Ill, and polychromes probably increase 

relative to bichromes in all sites. Broad subrim banding lines are present on all types, but the line is 

lower on the rims of polychrome bowls than it is on bichrome bowls, suggesting the line drops over 

time. Bowls exlnbit a bimodal size distribution, which probably becomes more pronounced over time. 

The manufacture of Winslow Orange Ware clearly arose in the late 1200s in a context of 

aggregating populations who probably had disparate origins. For example, architectural styles and some 

aspects of the ceramic assemblages suggest that the founders of Homol'ovi ID came from the upper 

Little Colorado a couple of decades after the founders of Homol'ovi IV arrived from the north, probably 

the Hopi region Despite different origins, there is some level of similarity in the ceramic design styles 

at the two sites, rooted primarily in three late Pueblo ill types, northern types Kiet Siel Polychrome and 

Jeddito Black-on-orange, and southern Pinedale Polychrome. 

What of the demise of Winslow Orange Ware? Why do we find such small amounts of Homolovi 

Polychrome relative to other decorated types in late deposits at Homol'ovi II? Although resolution of 

this question must await further analysis of deposits dating to the late 1300s and early 1400s, we offer 

some speculations here. 

Clearly, Winslow Orange Ware was replaced by Jeddito Yellow Ware in this region. A watovi and 

Jeddito black-on-yellows appear to increase steadily in frequency after 1300, and are the dominant 

decorated types in the post-1350 period (see discussion of Jeddito Yellow Ware at Homol'ovi II; Hays 

1991:29, Table 3.6). Several factors are clearly involved in this replacement. 

First, Homol'ovi II inhabitants' access to pottery produced on the Hopi mesas is more likely to have 

been based on exchange of other economic resources rather than on gift-giving among elites ( contra 

Upham 1982), simply because of the staggeringly large ~ount of yellow ware pottery recovered at 

Homol'ovi II in all depositional contexts (Adams et al. 1993; Hays 1991). Therefore, Homol'ovi II 

inhabitants must have invested surplus labor in some activity or activities that allowed them to obtain 

Hopi Yellow Ware. 

Second, Homol'ovi II inhabitants stopped or considerably slowed the investment of labor in local 

pottery production This cessation was probably not due to a shortage of available labor, because labor 

was available for activities that allowed surplus for ceramic exchange, and the replacement takes place 

during a time when population at Homol' ovi I and II was growing. 

Third, the Hopi origins of the people in the Homol'ovi region ( for example, the inhabitants of 

Homol'ovi II) must have played a part in the transition from Winslow Orange Ware to Jeddito Yellow 

Ware. Yell ow ware pottery might have helped signal a Hopi-oriented group identity. Keeping these 

factors in mind, three non-mutually exclusive poSSible causal factors for the demise of Winslow Orange 
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Ware are suggested: 1) fuel resource depletion, 2) the reorganization of production toward regional 
specialization resulting in the exchange of Homol' ovi cotton for Hopi ceramics, and a 3) possible 
ideological identification of pottery color with regional, even "ethnic" identity. 

As noted above, labor resources were not depleted; neither were clay resources, as abundant clay 
is still available today. Fuel, however, might have been a limiting factor. Pottery firing takes up a good 
deal of fuel, whether it is wood, brush, or corncobs. Not much wood is or apparently was available in 
the Homol'ovi vicinity due to its arid climate except for driftwood which may burn at relatively lower 
temperatures if its resin content is depleted (see Adams 199lb:118). It would have been easy for 
inhabitants to deplete wood resources in the course of constructing and heating pueblo rooms, and 
cooking food for the increasing population of the 1300s, leaving little for firing pottery. Only small 
amounts of very low-grade coal are available near Homol'ovi IL and there is no evidence it was burned 
as fuel. The uneven colors caused by variable oxidation and the soft texture of Winslow Orange Ware 
suggest that available fuels were inferior or perhaps conserved to the point that firing was poorly 
controlled. 

In contrast, coal from the Hopi Mesas provided Hopi potters with an abundant fuel source that was 
superior to wood in that coal reaches higher temperatures and may bmn longer (Shepard 1965). Potters 
on the Hopi Mesas made technological innovations that took advantage of superior clay and fuel 
resources to produce pottery that was hard, strong, and less porous than Winslow Orange Ware. 

It is important to note that locally made utility pottery was also replaced, but at a later date, with 
Hopi products, suggesting that technological factors were involved, rather than simply an aesthetic 
preference for Hopi colors and painted designs. Homol'ovi II inhabitants must have had a resource of 
enough worth to Hopis to induce their potters to produce surplus pottery for exchange. This resource 
might have been cotton, a water-thirsty plant that probably would have thrived along the Little 
Colorado River's floodplain. Indeed, cotton remains are found in botanical samples from Homol'ovi II 
( 57 percent of flotation samples, Adams 1991 b: 118) and m ( cotton seeds in all late flotation samples; 
Adams 1989b:188). Considering the proposed Hopi origins of the Homol'ovi II inhabitants, based on 
architectural and kiva mural similarties between Homol 'ovi Il and A watovi, sourcing ofHomol' ovi II 
pottery to A watovi, and Homol' ovi II' s large, formal, Hopi-style plazas, this site may well represent an 
establishment or expansion of cotton production in the middle Little Colorado River, and the political 
and economic control of this resource by Hopi people (E.C. Adams, personal communication 1995). 
Recent excavations of trash deposits at Homol'ovi I suggest a swift change from Winslow Orange Ware 
to Jeddito Yellow Ware that might lend support to the notion of a rapidly established Hopi-Homol'ovi 
II-based trade network established to exchange cotton and ceramics, among other commodities. 
Development of regional specialization and exchange of pottery and cotton is just one scenario that 
might explain the replacement of the local Homol'ovi decorated ceramic tradition with imported yellow 
ware. Oearly, questions of ethnic identities, ideology, iconography, population !DOvements, 
subsistence, and paleoenvironment must be explored fin1:her, and we may never have access to evidence 
for the potentially important role of aesthetics in this process. 
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Introduction 

All Homol'ovi II lavas excavated to date have been ritually abandoned In two cases killed and 
mutilated individuals were associated with these disposal activities. Rather than analyzing these 
deposits within an ideological framework that seeks to define a system of beliefs that may have 
accompanied them, this study presents another perspective. It defines ritual behavior in terms of what 
it does instead of what it means. 

In pursuit of such a perspective the disposal activities associated with the Homol' ovi II kivas were 
explored through life history theory (see Schiffer 1987; Walker 1995). Objects such as kivas, people, 
and mobile artifacts, all participate in sequences of activities from their initial manufacture through 
subsequent uses to eventual discard. Underlying a life history analysis is the axiom that these objects 
undergo similar events in their lives that condition their common endpoints in the archaeological 
record. 

Linking the archaeological contexts of ritual artifacts to earlier stages in their life histories is 
critical for reconstructing the ritual past. To begin exploring that past, three deposit classes have been 
developed to characterize the ritual contexts associated with the Homol' ovi kivas. These classes 
describe the disposal of worn-out ritual objects, the sacrificing of artifacts, and the violent destruction 
of people and ritual objects-ceremonial trash, sacrificial deposits, and kratophanous deposits, 
respectively. 

The Homol'ovi Data 

Homol'ovi II is a 1200 room ancestral Hopi pueblo surrmmding three large plazas (see Adams 
1991a:163-184; Adams and Hayes 1991). Excavations between 1991-1995 have identified a rich 
record of kivas and associated ceremonial deposits. To date eight kivas have been partially or totally 
excavated (see Figme 1.1 ). In the mid-1960s a painted kiva was excavated by an amateur archaeologist 
(Pond 1966); seven more kivas have been tested by the Homol'ovi Research Program. 

Six out of these seven kivas were burned at abandonment. The seventh kiva (see structure 706 
below) was abandoned while W1dergoing repair, but subfloor excavations revealed an earlier floor that 
had also been covered by a burned roof This kiva and one other ( structure 704) contained human 
remains that indicate that ritual violence was an instrumental part of their abandonment. In contrast, 
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only 1 other structure out of 30 tested-a remodeled ground floor milling room-was bumed at its 
abandonment. This structure fronts the central plaza and may ultimately prove to have been associated 
with ritual activities. 

Kivas have been identified and excavated in all three of the site's plazas. These structures are quite 
variable in size; the largest was associated the central plaza. 

Central Plaza Kiva Structures 324, 708, 707, and 704 
Structure 324 

This kiva located in the northwest comer of the central plaza abuts the north room block. It 
measures 3.0 x 2.7 x 2.3m deep. This subterranean structure had a flagstone floor, h~ and 
ventilator system tucked into its southeast comer. There were neither loom holes nor sipapu features 
in this floor, and there was no bench. The structme bad been excavated into a fossilized sand dune that 
caps the mesa beneath the ruin. The lower three-fourths of its walls were comprised of plaster that had 
been applied to that dune smface. The top one-fourth was masonry. There were blotches of white paint 
on the plaster of the west wall suggestive of two images that had long since faded into unrecognizable 
smears. When this structure was abandoned, its ventilation twmel contained the partial and fragmentary 
remains of a young adult female. The ventilator had been sealed by rocks above the skeleton. 
Subsequently, the structure was burned. One burned primary beam was found against the north wall. 
Mixed in with the burned roofing material were large fragments of a cotton textile as well as a few 
isolated human bones that did not belong to the individual in the ventilator. 

After it burned ,the structure was used as a dumping ground for trash. Unlike many middens where 
layers are often irregular and difficult to follow, this trash was stratified by an alternating series of well
defined ash and sand lenses that sloped from north to south at a steep angle from the north wall. These 
layers of fill contained what appeared to be the usual components of puebloan trash, pot sherds, lithic 
flakes, fragments of ground stone, etc. It also contained a canid skull, two animal claws, the 
fragmentary remains of a red-painted cotton bag, three marble-sized stone balls, burned com, and a 
fossil of indeterminant species. On the east side of the room a large pot hole had disturbed these 
deposits and subsequently several of the human bone fragments had spilled out of the ventilator into 
the fill of the structure. 

The cranium and several nbs remained in an undisturbed section of the ventilator. There were also 
230 Nassarius moestus shell beads mixed in with the disturbed human bone fragments. Three of these 
shell beads were recovered from the undisturbed ventilator fill in association with the cranium and 
other bones. All these human bones were fragmentary, and the breaks were not fresh. The face of the 
skull was missing, and the pelvis bones and several other larger bones were incomplete. It appeared that 
the skeletal fragments had been deposited in the ventilator while in this disarticulated and fragmentary 
state. 

Structure 708 
This is the largest structure in the site, measuring 10m x 5.8m X 2m. It is located in the northwest 

comer of the central plaza It is similar to the adjacent kiva (Structure 707) in having a bench around 
all four sides and being pinched on its southern end where the east and west walls meet the south bench 
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(see Figure 5.1). The walls were masomy and not plastered; the floor was earthen and demonstrated 
no evidence of having had a flagstone paving. 

This structure was fully excavated and the deposits indicate that it was ritually closed before 
burning. The fragmentary remains of a canid cranium, three stone balls ( 6-7cm in diameter) and the 
stacked sherds of half a bowl were placed in its ventilator. The stone balls were composed of both 
natural river cobbles and volcanic tuft. The ventilator's internal entrance, through the south bench face, 
was then sealed with stone and mud A crystal was also placed in a pit, a possible sipapu, located just 
north of the hearth. 

The roof was burned and fell onto the benches and floor; however, no primary beams were 
recovered. On the floor were several partially reconstruct:Ible vessels and one whole vessel. There were 
the remains of 1/3 of an Awatovi Corrugated jar, 1/3 of a Jeddito Black-on-yellow jar, 1/2 of a Tusayan 
Corrugated jar with a hole drilled in its side, 1/2 of a Jeddito Black-on-yellow bowl depicting a snake, 
and one whole Sikyatki Polychrome bowl depicting a masked figure (katsinamana). The snake motif 
resembled the reptile design descnbed in Fewkes' (1919:226, figure 23) discussion of the ceramics 
from Sikyatk:i Pueblo. Another stone ball was recovered in the charcoal of the roofing debris along with 
a stone cloud blower. Interfingered within these burned deposits was a thin layer of sandy trash fill. 

Just above the roof fall was a layer of windblown sand In this layer the articulated head, ribs and 
several vertebra of a red-tailed hawk were encountered~ the wings and legs had been removed. The 
articulation of this creature's skeleton and its excellent preservation suggest that neither differential 
decay nor postdepositional scavenging can account for its incompleteness. Rather, it appears to have 
been deposited in this form; very likely it was intentionally buried No pit, however, was visible. That 
the bird lacked wings and le~ but was otherwise articulated indicates that it was not dismembered for 
food In this same layer was another stone ball exceeding 15cm in diameter, a circular stone lid 48 cm 
in diameter, and two large oblong river,boulders measuring 33cm and 35cm on their longest sides. 

Artifacts in the trash fill were differentially burned Refitting of the ceramics from the structure 
demonstrated that most of the joined pieces came from the same strata, mostly floor or roof fill. 
However, sherds from one reconstructible vessel, 3/4 of a Jeddito Yellow Ware bowl, were distributed 
across all three strata-the fill above the roof, the roofing, and the floor. Chipped stone artifacts also 
confirmed that there were no statistically meaningful differences between populations of artifacts 
recovered from the fill and floor contexts of this structure (Lyons and Pitblado 1995). 

In smnmary, analysis of deposits in Structure 708 indicate a sequence of ritual disposal events. The 
ventilator was filled and sealed; a bowl depicting a katsina figure was then placed on the floor. The 
structure was burned and trash was introduced to put out the fire and cover the deposit Partially 
reconstructiole vessels were introduced with this trash or were possibly placed on the floor like the 
whole bowl. After the fire was extinguished the primary beams were removed, probably for use 

1 Jennifer Strand identified this species using the fauna! collections of the Arizona State Museum. 
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Figure 5.1 Homol'ovi II:, structure 708. 
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elsewhere. 

Structure 707 
This kiva was similar in shape to structure 708 but smaller, measuring 5 .2m x 4 .3m x 1. 8m. 

Benches encircled the entire structure and the southern end was constricted where the east and west 
walls met the southern bench. Three quarters of the structure was excavated; the northeast quarter had 
been previously disturbed and was left unexcavated. 

This kiva had also been burned but only after a deposit of windblown sand had accumulated 
W1evenly on the floor, reru;hing a height of .60 m on the southern end Presumably a breach in the roof 
occurred in this area while the kiva stood abandoned 

The floor had a flagstone paving into which loom anchors holes had been drilled Three complete 
artifacts were associated with this floor: two loom blocks were found holding a whole Tusayan 
Corrugated jar upright over the structure's hearth. The ventilator in this kiva had also been sealed but 
was not completely excavated owing to time constraints. 

Structure 704 
This kiva was smaller than the other two central plaza. kivas measuring only 4.2m x 3. lm x 1.5m. 

The structure was sampled by two perpendicular trenches, one running down the center, the other 
exposing the southern bench. This was the only bench in the structure; it was paved with flagstones and 
measured 1.0 m wide and .50 m high. The kiva's floor also had a flagstone paving into which loom 
anchor holes had been drilled Large portions of the fill had been disturbed but the southern end was 
intact. 

A skeleton with no associated grave goods was lying on the south bench. The roof of the kiva had 
been burned down over an adult male between 30-40 years of age. Several projectile points lay near 
the skeleton; one rested in what would have been the so:(t tissue of the lower back. 

This was not a traditional burial, for it appears that this individual had been killed at the time the 
kiva was destroyed. Burned roofing debris was in contact with his bones; his hands and feet were 
burned where the skin was thin. Unhlce the burned bodies recovered from kiva KT-1 at Kintiel ruin 
(Haury and Hargrave 1931 :84-86) there were no carbonized blow flies to indicate that the body had 
begun to putrefy before the burning. The position of the body suggested that the individual was 
attempting to get fresh air from the ventilator while the fire burned He lay with his head extended into 
the vent tmmel which if Wlobstructed would have been induced by the force of the fire to blow in fresh 
arr. 

Lying high in the burned roof fall were two whole bowls. One bowl, ofTuwiuca Orange Ware, was 
inverted over an Awatovi Black-on-yellow bowl that contained remains of com and cotton. A painted 
deer scapula was found in the disturbed deposits of this structure as were the fragmentary skeletal 
remains of 3 other individuals. 

These disturbed skeletal remains were situated deep within the kiva and probably represent original 
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deposits subsequently churned by pot hunting activities. It was not clear whether they were 1 )_ victims 
of the fire, 2) emplaced by later burial activities, or 3) the result of some other event postdating the 
lci.va's abandonment · 

West PlaZJJ Kivas Structures 705, and 706 
Structure 705 

This structure, measuring 3.5m x 5m x 1.6m, was sampled, with a trench running down the center 
to determine the integrity of its deposits for future investigations. It has a bench along its south side, 
measuring 1.6m wide and .6m high. Much of the fill had been disturbed by looters and also contained 
fragments of human bone. The roof of this structure had been burned 

Structure 706 
This kiva measured 3.5m x 2.7m x 1.27m. It was completely excavated At the time of its 

abandonment it was being remodeled Its flagstone floor had been partially removed, and severai of the 
slabs were leaning against the west wall. Several of these slabs, like those in other kiva structures, had 
loom anchor holes drilled into them. 

The remodeling was interrupted by the placement of three individuals on the floor and bench of the 
kiva A woman in her 20s, an adolescent male 15-16 years old, and a child of indeterminate sex of 
approximately 7-8 years of age were found in this structure. The right leg of the female was severed 
above the knee, but the distal portion was not recovered, presumably having been deposited elsewhere. 
There were no grave goods in association with the bodies. The skeletons were covered by large rocks, 
and the entire deposit of bones and rocks was sealed by a 20cm thick cap of adobe. 

Subfloor testing beneath the removed flagstones revealed remnants of a previously burned roof 
lying on an earthen floor. 

The East Plaza Structure 714 and Pond's Kiva 
Structure 714 

This was a small structure, measuring 1.8m x 2.8 m x 1.6m; it was totally excavated and had a 
flagstone paved floor, with no visible loom anchor holes. There was a ventilator cut into the southeast 
comer. A white mural of the San Francisco peaks was painted across the west wall. Paint on the north, 
south and east walls indicate the presence of decoration on all four walls; perhaps the mural's landscape 
perspective once encompassed all four directions as it wrapped around the entire room. 

A small, crudely constructed bench extended 4/5 of the way along the west wall and covered some 
of this paint The bench also covered part of the hearth. This superposition indicates that the kiva was 
remodeled prehistorically, perhaps changing the activities once associated with the paintings. The 
comer ventilator had also been "closed" with the placement of a human foot about 30cm above the 
floor opening. 

On the floor of the structure was more than a bushel of unshelled com cobs that had been used to 
burn the roof of the structure. Two burned baskets and fragments of two burned cotton textiles were 
found mixed with the com cobs. The remains of a burned infant were found along the south wall. In 
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the fill above the floor was a whole A watovi Black-on-yellow bowl containing burned com meal; this 
bowl's interior surface depicts a raptor in flight This bowl was resting on a small Jeddito Black-on
yellow jar that had been fractured by grmmd pressure but was otherwise complete. A reconstructable 
McDonald Corrugated bowl was also recovered. The fragmentary burned remains of at least ~o more 
children were recovered from the burned fill in the structure. A fossil tooth of indeterminate species 
was also recovered from the fill. 

Pond's Kiva 
This kiva described by Pond (1966) measured 3.5m x 2. lm x 2.0m and was supposed to be in the 

west plaz.a. The project, however, has not verified this location. Pond did not report whether the 
structure had burned. He did, however, illustrate (Pond 1966:555, figure 1) the location of 24 whole 
vessels he removed from it; many were on the floor but several had been placed in the fill above bench 
and floor. They were stacked like those descnbed for structure 714. In his description Pond (1966:557) 
notes that they had been carefully protected by large stone slabs. 

On the wall of this structure were the partial remains of a mural depicting two dancers wearing 
kilts. Another unrecognizable motif was also described (see Pond 1966:555, fig 2). Pond did not note 
any human remains associated with the kiva 

In general the kivas, perhaps excluding Structure 714, resemble those described by Haury and 
Hargrave (1931) at Kintiel, Kokopnyama, and Pinedale ruins as well as kivas at A wat' ovi, Kawaika'a 
(Smith 1972), and Fourmile Ruin (Fewkes 1898b:plate V,607). They occur in plaz.a spaces, are 
rectangular in cross-section, and possess flagstone floors and benches pierced by loom anchor holes. 
The larger kivas, Structures 708, and 707, possess multiple benches and pinched walls that intersect 
a large platform bench. 

Identifying Ritual Prehistory 

When ritual behaviors are considered separately from beliefs, it becomes possible to recognize 
them as material facts amenable to empirical analysis. These behaviors, like all human activities, occur 
in conjunction with the acquisition, use, control, and discard of artifacts. This perspective articulates 
well with methods and concepts used in contemporary material culture studies that seek to expose 
social relations in terms of people's ritual interactions with objects. 

Kopytoffs (1986) material culture research posits that ritual behaviors result in objects whose life 
histories or "cultma1 biographies" distinguish them from those of nonritual objects. Artifacts and places 
whose life histories are controlled by taboos and restricted from everyday use generally correspond with 
what are often called ritual objects. Some such objects may remain under the strict control of esoteric 
fraternities and religious sects, but in other cases they might circulate in specialized exchange spheres 
(e.g., Bohannan 1955; Larick 1987; Malinowski 1922). In either case their life histories are different 
from nonritual objects. Kopytoff refers to this process of channeling certain objects along more 
restricted pathways as "singularization." 

The Kula Ring (Malinowski 1922) and the Northwest Coast Potlatch (Codere 1950) are perhaps 
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the best known examples of exchange spheres that circulate singularized objects. However, oo.th more 
and less spectacular examples of such exchange spheres have been documented cross-culturally e.g., 
the gift/theft circulation of medieval Christian relics (Geary 1986), and the use and disposal of Navajo 
medicine bW1dles (Frisbie 1987). Even in contempormy American Christianity the movement of bibles, 
altar objects, robes, and church buildings occurs within a special sphere of our economy dominated by 
manufacturers and retailers specializing in Christian sacred objects. 

A perspective that highlights the distinctive ritual discard behaviors of singularized objects is a 
powerful tool that allows archaeologists to explain how seemingly everyday objects, ( e.g., a ladle, 
burned pit house, or corrugated pot) can become the primary evidence of past ritual activities. Once 
recognized as such, this evidence can be utilized to reconstruct ritual prehistory. 

The Homol'ovi II kiva deposits appear to be the endpoints of such singular pathways, and can be 
grouped into three broad classes: kratophanous, sacrificial, and ceremonial trash. Kratophanous 
deposits represent those objects that have been prematurely diverted from their life history paths into 
the archaeological record in order to prevent their use. The Spanish destruction of indigenous temples, 
idols, and priests, as well as the destruction of witches are examples of kratophanous behaviors. These 
destructive acts differ from sacrificial actions that divert still viable objects from systemic context in 
order to harness their remnant use-lives within an ongoing ritual tradition. 

Sacrificial deposits can vary from the inclusion of turquoise in a house foundation (Saile 1977) to 
the potlatch burning of a Kwakiutl canoe or house (Codere 1950:78, footnote 40). In certain contexts 
human lives are utilized for ritual purposes such as the foundation deposits in the Old Temple of 
Quetzalcoatl at Teotihuacan (Sugiyama 1989). 

Ceremonial trash discard is perhaps the most fundamental class of ritual site formation processes. 
The disposal of used up ceremonial objects frequently leads to the formation of distinctive ceremonial 
trash deposits (Walker 1995). The burial of human beings, the burning of abandoned ritual structures, 
and the deposition of worn-out sacred artifacts are all forms of ceremonial trash deposition. 

The singularity of the Homol'ovi kivas is a tangible reality that can be inferred from their 
frequencies, physical properties, associations with other artifacts, and spatial locations which 
distinguish them from other types of structures~ritual and otherwise( e.g., clan rooms, grinding rooms, 
houses, and storage rooms). They are underground structures placed in plaza areas that are on average 
larger than other rooms at the site. Their floors, with the one exception of Structure 708, are paved with 
flagstones. Unlike all other structures they contain loom anchors and weights, indicating a restricted 
area for the production of cotton textiles. Whole artifacts occur both on their floors and in their fills. 
In three cases, Structures 704, 714 and Pon~s kiva, the whole vessels in the fill did not fall into the 
structure when the roof collapsed, but were placed there. 

These kivas all contain evidence of burning at the end of their use-lives. In contrast only one other 
structure at the site, a grinding room, was burned. However, there was not a pueblo-wide conflagration 
at Homol'ovi II. In fact, no primary beams were recovered in any of the kivas except Structure 324; 
large bemns appear to have been removed and presumably reused elsewhere. Although the accidental 



Ritual Deposits 83 

burning of even one kiva seems unlikely, seven accidental burnings would have been impossible. 

Given the closure of the ventilation systems in three structures (324, 708, 707), the inclusion of 
whole ceramic vessels in the fill of three structmes (704, 714 and Pond's Kiva ), and the reconstrucilble 
vessels in structure 708, the most parsimonious explanation is that these deposits represent disposal 
practices that maintained the already segregated life histories of the kivas. 

The pattern of burning associated with plaza structures is so strong that one cannot help but wonder 
if the burned grinding room, which faces the central plaza, may also have been ritually abandoned. 

Kiva Life Histories 
According to Mindeleff (1891:100-104, 118-130), the building activities ofkivas and houses in 

Hopi were similar with the exception of the composition of the laboring group and the degree of ritual 
involved. In both cases, a group of temporary workers were' fed in exchange for their labor. The house 
construction group was usually composed of the clan mates of the woman who owned the house. Kivas 
in contrast were built by members of the ceremonial group associated with the kiva's use. In both cases 
a series of ritual procedures accompanied the laying of the foundations, plastering of the walls, and 
placing of the roof beams. There were, however, more feathers and sacred cornmeal used. in the kiva 
consecrations. Finally, the kiva constructions ended with a feast at which the kiva was given a name 
( e.g., the "goat kiva"). 

The uses of these structures more clearly distinguishes their pathways. The main function ofkivas 
was ritual activities; the other strucnrres occasionally stored ritual objects, but were not a primary locus 
of ritual behavior. 

Hypothetically, the ritual site formation processes encountered at Homol'ovi represent the 
consequences of such ritualized life histories. The lives of these kivas would have been quite different 
from a habitation or storage room. Their interactions would have included the initial construction 
rituals descnbed above, as well as public and private ceremonies, games, and the attendant ceremonial 
tool manufacturing ( cotton costumes, prayer feathers, masks, etc.) and storage that would have 
facilitated those activities. 

Certain life-crisis rituals such as natal ceremonies are exclusively performed in the home (Owens 
1892). Parts of marriage and funerary rituals also take place in domestic contexts (Nequatewa and 
Colton 1933; Senter and Hawley 1937). However, if one compares the life histories of a kiva, a 
domestic room, and a nonreligious storage room in a pueblo village, they would fall along a continuum 
of ritual intensity. In that continuum kiva life histories are the most ritualized, and storage rooms the 
least; habitations rooms fall somewhere in between. Even objects, such as cotton textiles used in rituals 
outside of the kivas, almost certainly were manufactured in the kivas. 

Processes of Singular Abandonment 
Ceremonial Trash and Sacrifice 

The complete Sikyatki Polychrome bowl painted with a katsina face, the stone balls, the canid 
skull, the 3/4 Jeddito Black-on-yellow bowL other partial ceramic vessels and the quartz c:rystal found 
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in Structure 708 entered this archaeological record as part of the disposal ritual of this •kiva The 
corrugated jar and loom blocks in Structure 707 and the 24 whole pots present in Pond's kiva also 
appear to have been the result of the intentional bmial of this structure. These ritual sacrifices resemble 
those that might accompany human burials. Deposits of stone balls, like those in structure 708, were 
recovered from kivas at the Hopi village of Awatovi where they were fmmd in the fill, ventilation shafts 
or bench vaults of these structures (Woodbury 1954: 170-172). 

It is possible that some of these objects were used in these specific kivas and were rendered 
obsolete when the structme was abandoned. If that was the case, their deposition in the kiva would not 
be sacrificial but instead a form of ceremonial trash analogous to the personal objects that accompany 
someone to the grave. 

Although Puebloan ethnographic data follow these events by several hundred years, they still 
descnbe the use and disposal of artifacts similar to those found in the Homol'ovi kivas. Hopi kiva 
groups compete in ceremonial kickball races using stone balls approximately equal in size to the 
Awatovi and Homol'ovi balls (Hough 1915:107; Stephen 1936:258-286; Titiev 1938; Voth 1901:80). 
Adams' ethnographic field notes from the Hopi mesas also indicate that similar sized stone balls were 
rolled across kiva floors in order to simulate the sound of thunder in rainmaking ceremonies (E. 
Charles Adams, personal communication 1995). 

The Zuni, who have perhaps the closest social and historical ties with the Hopi pueblos, also 
practiced similar kickball games (Stevenson 1884:526). The use of stone balls as "thunder stones" has 
also been described at the pueblos of Zuni and Acoma, where they were rolled in kiva ceremonies to 
simulate thunder and thereby combat enemy power (Parsons 1939:378,981) 

In these ethnohistoric contexts the life histories of the stone balls were tied closely to those of kivas. 
These objects were stored in the kivas and there received specialized rites of prayer, purification, and 
reverence. One could expect, therefore, that at the end of their life histories they might have received 
specialized deposition within a kiva, or some other ceremonial space. Unfortunately etbnohistory is 
silent concerning the disposal of these objects, perhaps in part because they are durable and possess 
long use-lives. 

The frequent use of less durable materials in Hopi rituals, such as feathers, however, necessitates 
the frequent ceremonial disposal of bird remains. The Hopi gather eagles and hawks every spring (Tyler 
1979:47-54), and these animals provide the raw materials (feathers, bones, wings, talons, etc.) for the 
construction of important ritual artifacts, such as prayer sticks, whips, purification wands, masks, and 
standards. The birds are killed in July after Niman ceremonies and interred with grave goods, such as 
piki bread and small dolls. The place of deposition is a singular burial ground known as the eagle 
cemetery (Voth 1912:107-109). The disposal of the Homol'ovi "red-eagle" (Tyler 1979:47) in structure 
708, given its lack of wings and special place of deposition, may be an analogous form of ceremonial 
disposal that exploited the previously singularized space of the kiva as a grave yard. 

The presence of whole pots, basketry, textiles, burned com meal, a fossil tooth, and burned human 
remains in Structure 714 presents a relatively unique pueblo deposit. These objects appear to be 
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sacrificial offerings associated with a funerary ritual. Com and textiles are two of the most valuable 
objects used in Hopi ritual activities. Ethnohistorically, cotton textiles were woven in kivas and often 
represented on kiva murals; they were and continue to be critical components of ceremonial costumes 
(Kent 1983a:74; Roediger 1961). Major life crisis rituals (birth, marriage, death) were also 
accompanied by textile gifts (Parsons 1939:172-173; Stephen 1936:824-829; Titiev 1944:196,387); a 
Hopi woman's wedding blanket was her burial shroud Men were traditionally wrapped in a bucks~ 
but, if one was not available, a woman's cotton wedding dress was an acceptable substitute (Senter and 
Hawley 1937). 

The Hopi also strongly identify with their com Both the harvested com plant and the human 
corpse are called qatungwu (Loftin 1994:31). Such metaphors (Stephf:111936:706) make sense in a 
material world completely infused and animated with spirit powers. In such a worldview the underlying 
essence of people and com are similar in structure, albeit in the spiritual realm. As a result, Hopi and 
other pueblo peoples interact with com in ways that may defy our common sense understandings of 
behavior. 

Harnessing the underlying spiritual power of various forms of this plant (pollen, green, ground, on 
the cob, piki, mush) is critical in almost all rituals. That a nonnative might not recognize the material 
efficacy of spiritual power should not predispose them to judge the use of com in ritual as a purely 
symbolic phenomenon Approaching the material causality of prehistoric ritual through modem 
concepts of the supernatural actually obscures the behaviors o_f people using artifacts in ritual ( see 
Durkheim 1965:25-28). For the Hopi and other native Americans, com was often a powerful tool. From 
an object life-history perspective, therefore, it is not surprising to find burned com meal and whole cobs 
in association with the ritual disposal of kivas or human burials. Nonetheless, the burial assemblage 
in structure 714 is unusual. 

Finally, the skeleton in the ventilator in Structure 324 appears to have been a secondary burial or 
actually a reburial. Its fiagmentary nature is indicative of an exhmned body incompletely recovered and 
placed in the ventilator of the kiva. The large number of shell beads may have been added at this time. 
It is unlikely that so many would have been removed from a primary burial context and reinterred with 
the bones. The subsequent burning of the structure with some human bone on its roof indicates, along 
with the burned skeletal material in the small Structure 714, that nontraditional burial practices were 
associated with singular spaces at Homol' ovi II. 

The life histories of the objects found in these deposits represent a few temporal slices through the 
long history of ritual disposal practices in the Pueblo Southwest The burning of prehistoric 
architecture, especially pit houses, has frequently been interpreted as accidental or the result of raiding 
(e.g., Brew 1946:111-112; Bullard 1962:39,46; Cassells 1988:132-133; Dittert et al. 1966:17; Linton 
1944; Mackey and Green 1979; Morris 1919:191; Morris 1980:148-149; Roberts 1930:69, 1931:36, 
1939;137; Woodbury 1959:130). The whole artifacts, burned corn, and human remains associated with 
the floors and fills of these structures were taken as evidence of In Situ assemblages accidentally 
preserved. 

These burnings, however, may actually have resulted from ritual abandonment activities ( see Eddy 
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1974; Lightfoot 1993; Montgomery 1993; Steward 1933:62; Walker 1995; Wilshusen 1986). Wilshusen 
(1986) bas identified a pattern ofburning among ritual structures within earlier Anasazi communities 
living in southwestern Colorado. A comparable burning of kivas and pit houses in the Black Mesa 
region of Northern Arizona also suggests that this was a relatively widespread prehistoric pueblo 
practice (e.g., Nichols and Smiley 1984). Cameron (1990:32) has suggested that approximately 50 
percent of the pit structures in the Four Comers region may have been bwned as a result of ritual site 
abandonments. 

In the ethnohistoric U. S. Southwest, most people who lived in mud and brush pit structures 
ritually burned them at the death of an occupant ( see The Desert, Pass, and Mountain Cahuilla-Strong 
1929:84, 121, 180-181; Cocopa-Kelly 1977:87; Halchidhoma and Maricopa-Spier 1933:303,309; 
Mohave-Allen 1891:615-616; Drucker 1941:146-147; Navajo-Kent 1984:139-141; Pima-Drucker 
1941; Grossman 1873:415; Papago-Drucker 1941; Beals 1934:7; Quechen-Bee 1983:89; Shoshone
Steward 1933:62; Southern Yavapai-Gifford 1932:185). Not only was the home bllllled but granaries 
and stored food were also destroyed. Such rituals segregated the dead from the living and prevented 
sickness and other dangers that might result from a spirit lingering in the village. 

These traditions have only slowly been replaced. De Williams (1983) noted that as late as 1981 the 
Cocopi still occasionally burned houses of the dead Relatively recent house burnings have also been 
documented among the Mohave (Key 1970). 

Property destruction acted as a leveling mechanism in these communities and mitigated against the 
consolidation of wealth and the rise of propertied social classes. Clearly, the burned pit houses :filled 
with com and pottery fmmd in earlier Anasazi sites may be the result of ritual behaviors with important 
implications for the differentiation of social power in the prehistoric southwest 

Among Basketmaker villages it was very common to bum pit houses (Adams 1949; Bullard 1962; 
Bullard and Cassidy 1956; Daifuku 1961; Hayes and Lancaster 1975:6-12; Lancaster et al. 1954; Morris 
1925; Smiley 1949; Swarthout et al 1986; Wheat 1955). Basketmaker ill settlements with great kivas, 
like Shabik'eshchee village (Roberts 1929), however, provide an exception in which burning was 
restricted to the great kiva (see other examples Gladwin 1945:11-18; Hibben and Dick 1944; Reed 
1944 ). Elsewhere there are indications that larger integrative pit structures were also differentially 
processed at abandonment in comparison to other pit structures (Wilshusen 1986; see also Brew 
1946:152-189). Pueblo I and Pueblo II villages in general suggest that both pit structures as well as 
other surface structures received differential disposal through burning (Adams 1949; Allen and McNutt 
1955; Bullard 1962; Brew 1946; Cohon 1946; Daniels and Lee 1940; Hayes and Lancaster 1975; Judd 
1924, 1926; Gladwin 1945; Gladwin 1957:55; Hall 1944; Martin 1930; Martin and Rinaldo 1939; 
Roberts 1930: 19; Roberts 1939). The degree and prevalence of this structural burning varies by region, 
but those structures containing large numbers of whole objects, were almost always burned. 

The restriction of such burning to largely ceremonial structmes in the later periods is especially 
telling. In more formalized settlements, e.g., aggregated PIII and PIV sites, burning-although less 
extensive than in earlier sites-focuses largely on kivas and the rooms immediately adjacent to them 
(e.g., Bradley 1992; Brown 1990:203; Creamer 1993; Otttrnacb 1980; Fewkes 1925; Hayes et al. 1981; 
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Ramy and Hargrave 1931:83,93;Martin 1929; Mount 1993; Rohn 1971:77-79; Smith 1972:57). These 
ceremonial structmes, like those at Homorovi IL were differentially disposed as ceremonial trash. They 
were accompanied by sacrificial offerings, and were not infrequently reused as repositories for the 
differential disposal of other ceremonial objects, e.g., human burials, birds, stone balls, fossils, 
concretions, pipes, whistles, and pottery. 

Kratophaey 
The results of ritualized violence or kratophany also appear to follow this pattern of singularized 

deposition. The burning of people found in earlier pit houses shifts, along with other forms of ritual 
discard, to kiva contexts during the Pueblo ill and N periods (see Table 5.1). These incidents of 
violence, therefore, are especially interesting because they link the struggle for social power in the later 
periods to the differentiation of ritual activities and places. 

Historic southwestern peoples vigorously persecuted witches with ritual sanction. Among the 
pueblos no crime was considered more heinous than witchcraft (Simmons 1974:70). Witchcraft was 
considered one of the prime causes of death, and witches were also held responsible for droughts, crop 
blights, and other sources of famine (Titiev 1942). Puebloan ethnographies have recorded several 
instances of individuals killed as witches (e.g., Hawley 1950; Hoebel 1952; Parsons 1927; Simmons 
1974; Cochiti-Goldfrank 1927:95-96; Isleta-Parsons 1932:244; Nambe-Lange and Riley 1970:173; 
Oraibi-Titiev 1972:165, 215; San Ildefonso-Whitman 1947:122; Santa Clara-Simmons 1974:76; Zia
Simmons 1974:76; Zuni-Cushing 1967:45; Stevenson 1904:392-406). Apaches (Basso 1970; Goodwin 
1942:418-422), Navajos (Bourke 1984:74-77; Blue 1988), andPimas (Russell 1908:42-43) were also 
plagued by witches and dealt with them in a similar fashion. 

The first European to visit Zuni pueblo, Estevan the Moor, was executed as a witch. Afterwards 
he was cut into many pieces and distnbuted among the "chiefs" to demonstrate his mortality (Bandelier 
1890: 14 ). A similar fate befell the emigrant Bernardo Gruber after he demonstrated kabalist magic to 
some natives of Las Salinas (Simmons 1974 :25). Bandelier descnbed the witchmania at Nambe as so 
extensive that it accelerated the depopulation of this pueblo (Lange and Riley 1970: 173 ). Both Cushing 
(1967:44-45) and Stevenson (1904:398-406) during their stays in Zuni intervened on behalf of 
individuals in danger of losing their lives because of witchcraft accusations. Cushing himself was 
accused of witchcraft and had to defend his life before the priesthood of the bow ( Green 1979: 157-160). 

Hawley-Ellis (1970) and Titiev (1942) recognized that witchcraft accusations were means of 
repression intimately associated with the powerful ritual leaders in Pueblo society. Tanoan legends also 
describe intervillage conflict in terms of a cycle of witchcraft accusation. Village medicine groups 
would attack in secrecy, burning their enemies to death within their kivas (Hawley-Ellis 1951 :189). The 
Pueblo katsina cult has been linked to warrior leadership both in oral and written history (Hawley-Ellis 
1951) and the violent exercise of social power (see also Hoebel 1952:586-589). Adams (1991a:89-91) 
has noted the prehistoric association between war themes and kat:sina iconography on murals and rock 
art and Plog and Solometo (1993:10) have argued that the early kat:sinas may have actually been 
warriors or war dieties. 

Mutilation through the taking of scalps was an important ceremonial aspect of this ritually 



88 W. H. Walker 

Table 5.1 
Anomalous humanrRemains by room type PIII-PIV 

PUEBLOill 

PUEBLOIV 

Sand Canyon 

Bradley 1992: 
84,85,87,89 

Longllouse 
Cattanach 1980:145-146 

The Dobell Site 
Harrill 1973 :42-43 

Kin Tiel 
Haury and Hargrave 1931 :~ 

ChamelHouse 
Martin 1929:26 

Beartootb Pueblo 
Martin 1930:12 

Site 33. La Plata 
Morris 1939:82 

Ruin6 
Morris 1939:42 

Tse-ta'a 
Reed 1966:127-128 

Snider's Well 
Wetherill 1894 

Manh Vaew Hamlet 
Wilshusen l 988a:34-35 

Awatovi 
Fewkes 1893:372-373 

Pueblo de Las Humanas 
Hayes et al 1981 :53 

Arroyo Hondo 
Palkovich 1980:18-21 

Te'ewi 
Reed 1953:104 

Homol'ovill 
ThisPaper 

01 lndividual 

01 lndividual 
, 01 lndividual 

01 Individual 
01 mdividual 
03 fudividual 

01 Adult Male 

01 Adult 
01 Child 

05 Adult Males 

11 Adults 
03 Inf.ants 

01 Y oimg Child 

04 Individuals 

05 Poss Indiv 

01 Adult Female 

25 Individuals 

04Adults 
01 Ju\alile 

01 Adult 

01 AdultFemale 
01 Adolescent Male 

05 Individuals 
02Females 
04 Individuals 

24 YotmgMen 
06fufants 

01 Adult Male 

01 Yotmg Female 

01 Y otmg Male 

01 Child 

Kiva 

Kiva 
Kiva 
GrindingRm 
SurfaceRm 
Surf.aceRm 

Kiva 

Pit structure 

Kiva 

Tower 

Surf.aceRm 

Kiva 

Kiva 

Kiva 

Kiva 

Pit structure 

Kiva 

Kiva 

Kiva 
Surf.aceRm 
Surface Rm 

Kiva 

Kiva 

Kiva -

Kiva 
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sanctioned violence (Beaglehole andBeaglehole 1935:17-24; Bunz.el 1932; Stevenson 1904:581; White 
1935:305; 1942:304-306). Woodbury (1959) more than 30 years ago suggested that southwestern 
bmned structures and some_ of the skeletal assemblages in question in the cannibalism literature today 
( e.g., Turner and Turner 1992) were the result of some sort of prehistoric puebloan warfare. 

The skeletal remains from structures 704 and 706 appear to be results of kratophanous violence, 
perhaps associated with witchcraft persecution. These deposits are suggestive given that they occur in 
conjunction with the occupation of a 1200 room pueblo and the emergence a new ritual cult (Adams 
199 la). These kivas and the site were constructed and abandoned in less than 100 years, between AD. 
1330-1400. This pueblo's rapid growth and spatial layout of formal plaz.as exemplify both a local 
manifestation of the pueblo katsina cult (Adams 199la:163-184) and the regional reorganization of 
Anasazi peoples into large aggregated villages during the fourteenth century (see Di Peso 1958; Dittert 
1959; Haury 1958). 

In this context of population aggregation and cult formation archaeologists have traditionally sought 
to define ritual's role as an integrative one (e.g., Lipe and Hegmon 1989). However, the behavioral 
ramifications of such integration, including ritual repression accomplished through witchcraft 
accusation, have not been emphasized. In light of the striking correspondence between kivas, pit 
structures, and ritual violence in Anasazi sites it seems that the social costs of integration must be 
reconsidered These deposits and some of the others found in Anasazi kivas may be the results of 
violent confrontations between groups vying for control over ritual technology or some other source 
of power. In the prehistoric pueblo world such competition would probably have taken the form of 
witchcraft persecution as well as ritually organized intersite raiding. 

In the contexts of earlier pit house villages, before many rituals had relocated into more 
fimctionally specific places such as kivas, the singular context for victims of kratophanous violence was 
the pit structures themselves. With the shift of ritual activities to kivas in later centuries, those 
kratophanous contexts also shifted Eliade (1958:14) defined the sacred and the places it occurs as both 
dangerous and divine. Therefore, pit structures and kivas, as places of prehistoric ritual were at times 
also places of violence. 

Conclusion 

In his initial description of excavations at the nearby site of Homol'ovi I Fewkes (1898b:523) 
remarked, "In one of the rooms we found a human skeleto~ apparently of an old man, but with no 
evidences of careful burial. The skull of an infant lay on the floor of another room. It was interesting 
likewise to note that in the large flat stones of one of the larger chambers we found small round holes, 
carefully made, which suggested the sipapu,... As this is one of the features in the kiva floors at 
Tusayan, we might consider the chamber in question to be a sacred room or kiva; but later in our 
excavations we found many similar slabs of perforated stone near graves in the necropolis, which 
suggests that these stones were used in the floors of rooms to cover the dead in intramural 
internments." 

These early descriptions of Homol'ovi I deposits are intriguing, given the data recovered from the 
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Homol'ovi II kivas. In hindsight, Fewkes's recognition of anomalous human remains and hisrstruggle 
to define ritual structures resonates with our contemporary concerns. Why was an unburied skeleton 
in one room and a lone skull in another? Could these have been ritual structures? It is curious that a 
stone associated with a grave was also associated with a depositional context Fewkes intially 
considered ceremonial. Fewkes was clearly groping in these early excavations to construct an 
archaeological tmderstanding ofPuebloan ritual prehistory. Nearly one hundred years later this problem 
is still an apt one. Even though the Homol'ovi graves described by Fewkes were destroyed long ago, 
ritual data still remain to be discovered. 

More generally, if many of the burned pit structures and lavas of the Pueblo past resulted from 
ritual disposal practices, associated with either site or structure abandonments, then the origin of their 
floor and fill assemblages can also be called into question. Are not these assemblages in one sense 
primary and robust evidence of prehistoric ritual events? How might their variability reflect different 
ritual traditions? 

Human remains are a particularly interesting subset of these assemblages. Beyond the well-known 
patterns of flexed and supine burials, there may be other, less well tmderstood, patterns of funerary 
activities as well as instances of ritual violence. 

Traditionally, such low-level ritual behaviors have paled in comparison with the inspiring beliefs, 
that usually form the "greater" part of any religious tradition. But ritual acts played a critical role in the 
formation of the archaeological record Neither the student of religion nor the prehistorian can afford 
to undervalue them. For the former, it provides a gateway to systems of belief reincarnating them 
through identifiable physical traces. For the Pueblo prehistorian attempting to understand even the most 
rudimentary activities, the invisible hand of ritual guiding the flow of goods and services was ever 
present in the past. 

Life history perspectives highlight variability. When applied to artifacts they provide frameworks 
linking a multitude of behaviors in a sequential chain of events far beyond the primary uses of an 
artifact class and, not infrequently, beyond the expectations of the analyst Although an animistic 
worldview is at odds with science in general and archaeology in particular, it characterizes most 
human societies. Paradoxically, therefore social scientists must seek out the "irrational" or 
"supernatural" through empirical means. A life history perspective has the power do just that. 

Initially the obvious evidence of burning, human remains, and whole vessels in the Homol'ovi II 
kivas was not easily accommodated into any recognized theoretical perspective. However, by 
examining the life histories of kivas, people, and artifacts, a number of continuities emerged that 
rendered the deposits and the study of ritual prehistory more meaningful. At Homol' ovi II ritual 
behaviors have a robust representation. The preservation of ceremonial trash, sacrificial offerings, and 
ritual violence was excellent. This also appears to be the case at many sites in the Pueblo Southwest. 

Acknowledgments 
I thank E. Charles Adams and Mike Schiffer for encouraging and guiding this work Credit is also 

owed 1o Earthwatch and its Earthcorps volunteers, and an N. S.F. dissertation improvement grant (grant 



Ritual Deposits 91 

SBR-9312295 to Charles Adams and Mike Schiffer). Ultimately, it was the collective labor of the those 
participating in the Homol' ovi Research Program that gave life to these data. 





Chapter Six 

THE USE OF ADOBE ARCHITECTURE IN THE 
HOMOL'OVI REGION 

Douglas W. Gann 
Department of An1hropology 

University of Arizona 

Introduction 

Prehistoric adobe brick architecture has finally been recogniz.ed as an indigenous technology, rather 
than a technique taught during the Spanish contact period (Moquin 1992). The existence of prehistoric 
adobe bricks has been documented ( often as an example of a native experimental technology) at a 
number of Anasazi sites (Fewkes 1904, 1911; Morris 1944; Ward 1975). Early interpretations of 
adobe brick technology stated that these examples of adobe brick architecture were all made from 
hand-shaped bricks, as the use of a form or mold was considered a technique introduced by the Spanish. 
This interpretation started with Jesse Walter Fewkes and Victor Mindeleff and was echoed by Neil 
Judd. More recent works concerning adobe bricks have pointed to a variety of lines of evidence 
indicating that some sites show evidence for the use of forms or molds (Johnson 1992; Ward 1975). 
Michael Moquin's (1992) excellent summary, ''From Bis S'a Ani to Picuris, Early Pueblo Adobe 
Technology ofNew Mexico and the .Southwest" descnbes seven prehistoric sites known to have utilized 
adobe brick architecture. Four of the sites mentioned by Moquin lie in the middle Little Colorado River 
basin and have been the focus of a research program funded by a grant from the Arizona State Park's 
Heritage Fund (Grant no. 649357). 

The first observations of adobe brick architecture in the American Southwest were made by Fewkes 
in 1896, at the site ofHomol'ovi ill. The bricks were classified as hand-shaped, due to the presence of 
hand and finger prints on the sides of the bricks (Fewkes 1904 ). Fewkes speculated that the bricks were 
manufactured in order to replace masonry stones that were difficult to obtain. Fewkes went on to
document adobe brick architecture at Cliff Palace in Mesa Verde, finding the same general pattern of 
hand and fingerprints, indicating hand molding technologies. Later work in the Homol'ovi region 
identified adobe brick architecture at the site of Chevelon Ruin. As these bricks were only observed 
in situ (having been exposed in a pot-hole) no determination of manufacturing techniques could be 
inferred (Andrews 1982). 

The Homol'ovi Research Program has documented the use of adobe brick architecture in more 
extensive detail. In addition to the bricks first found by Fewkes, adobe bricks have been found at two 
additional sites, Homol'ovi I and the Adobe Pueblo site (Figure 6.1 ). Initial research at these sites called 
the original interpretation ofhand molded adobe technologies mt:o question Homolovi Ruins State Parle 
archaeologist, Douglas Johnson, interpreted the squared comers and fairly regular size of 
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the adobes observed to represent the use of forms or molds (Johnson 1990, 1992). Additional 
excavations at the Adobe Pueblo site called some of Johnson's interpretations into question as well, 
because a nmnber of bricks found seemed to exhibit evidence for both hand-shaped and mold-shaped 
technologies. In order to settle these questions, evidence found at these sites was compared to a 
systematic evaluation of adobe brick manufacturing techniques, utilizing information gained from 
experimental replication and modem adobe manufacture. The study of adobe brick technology at the 
Homol'ovi Ruins group represents an interesting case study in the use and development of a prehistoric 
technology. In order to explore the nature of adobe brick architecture in the middle Little Colorado 
region, it is necessary to review the presence of these adobes at the sites mentioned above. 

Adobe Brick Architecture at the Site of Homol' ovi m 

The Homol'ovi Research Program began work in the region at the site of Homol'ovi IIL conducting 
excavations during the summers of 1985 to 1989. The site represents a small fanning hamlet occupied 
from 1280 to 1300, and reused as a seasonal fanning village from 1330 to 1375 (Adams 1993). The 
village was constructed by building a series of parallel masonry walls and then using coursed adobe and 
masonry walls to segment these continuous walls into rooms. Coursed adobe may also have been used 
on top of existing masonry walls for the construction of second story rooms over the back row of the 
roomblock It was during the second occupation of the village that adobe brick architecture was 
utilized During the reoccupation of the site both coursed- and brick-shaped adobe architecture were 
used in structures that abutted the original masonry walls (Figure 6.2). Although a large portion of 
Homol'ovi III was damaged by pot-hunting, the portion of the site constructed with adobe architecture 
escaped this disturbance by it's low archaeological visibility; as pothmiters could not detect obvious 
masonry walls, the adobe rooms remained intact 

The basic pattern of adobe construction observed at Homol'ovi ID and the rest of the Homol'ovi 
sites was for the adobe bricks to be placed on top of a row of masonry set in a footer trench. This 
arrangement created a stable fomidation on which the adobe walls could be built, as well as preventing 
erosional damage caused by the process of capillary draw (Smith 1982). At Homol'ovi III the basal 
courses of adobes were much larger than the rest of the bricks visible in the exposed walls. These 
bricks were almost 50 cm long by 31 cm wide and 20 cm thick, compared to the remainder of bricks, 
which averaged 40 cm long by 31 cm wide and 10 cm thick The finger and hand prints noted by 
Fewkes were present, though not as obvious as he had implied 

The Adobe Pueblo 

The next site fmmd to have adobe brick architecture was the Adobe Pueblo site. The Adobe Pueblo 
was found to be unique among the Homol'ovi ruins in that adobe brick architecture was the primary 
construction element Located during the construction of a parking lot for the nearby site of Homol'ovi 
L the pueblo was first exposed by road grading equipment in 1990 (Figure 6.1 ). Homolovi Ruins State 
Parks archaeologist, Douglas Johnson, was able to stop the road grading, but unfortunately, most of the 
site had been stripped below floor level by the construction activities. Johnson was able to document 
six surface structures and one relatively undisturbed pit structure 



96D. W. Gann 

Figure 6.2 Adobe bricks recovered from Structure 35 at Hornor ovi ill. 
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(Johnson 1990). 

The pueblo sits upon the crest of a shallow sand dune, roughly 160 meters south of Homol'ovi 1 
The sand dune has accumulated over a deposit of sloping bedrock and clays and is roughly IO to 20 cm 
thick on the western edge of the site, and over a 1 meter thick towards the eastern end of the site. The 
predominant ceramics are Jeddito and Awatovi Yellow wares, and Winslow and Homolovi Orange 
Wares. Based upon these cross dated ceramics, the site probably was constructed sometime after AD. 
1325 and was abandoned before the introduction ofSikyatki Polychrome after AD. 1375. Given the 
low quantities of trash on the site, it is likely that it had a short occupation. 

The Adobe Pueblo was the topic of a four week testing program conducted during the summer of 
1992. The main goals of this program were to determine the nature of the site, assess the damage 
caused by road grading, and examine the adobe brick construction techniques used at the site. Even 
though the site was found to have been "shaved" below floor level, the prehistoric pattern of wall 
construction using the footer trenches mentioned above, prevented all of the adobe material from being 
removed (Figure 6.3 ). Detailed measurements of brick width and length were collected, but because 
none of the bricks located were found to be more than 2 cm thick, none of the bricks could be 
recovered for additional testing. The pit structure (structure 8) was found to be a small kiva, 
constructed by the excavation of a pit through the subsurface sands and bedrock, and (judging from the 
wall fall encountered) lined with a masonry collar consisting of two or three courses of stone. In 
addition to these findings, the project located the foundations of an additional two surface rooms. 

Figure 6.3 Footer stones to adobe brick walls at the Adobe Pueblo. 
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Upon documenting the adobe brick architecture still present, an important pattern was noticed. The 
adobe brick dimensions varied a great deal in len~ (upto 12 cm) but remained constant ill; width 
(varying up to 1 cm) within individual walls. This result would seem to contradict the expected pattern 
that would have resulted from the use of rigid forms. We expected to find that there was a great deal 
of standardiz.ation in brick dimensions, because a small number of molds would create a pattern of 
regular brick sizes. Of the 25 intact bricks measured, 20 different molds would have been needed to 
create this sample of bricks. Knowing that this trend was highly sensitive to our relatively small sample 
size, it was hoped that additional testing would reveal a clearer pattern of brick dimensions that could 
be used in interpreting the brick manufacture process. 

The Homol'ovi Research Program returned to the Adobe Pueblo in 1994, assisted by the Heritage 
Fund grant. The goals of this two month research project were to continue testing on the eastern side 
of the roadbed as well as searching for any additional pit structures. It was hoped that deposits up-slope 
would contain additional surface rooms that had escaped the damage from road grading activities. 
Unfortunately, this was not to be the case. Although the melted foundation of an additional pueblo 
structure was located, there were no other rooms or structures on the eastern side of the road 

The search for a second pit structure was much more successful. An additional k:iva ( structure 10) 
was located through the use of a soil auger. This kiva was substantially different than all but one other 
kiva in the Homol'ovi region. It was shallower, probably due to a layer of hard bedrock, it was longer 
and narrower than most other kivas in the region, and the usual arrangement of the ventilator, deflector 
and hearth were located along the eastern side of the structure, rather than on the central axis. This 
structure also differed from most of the rest of the Homol'ovi kivas by the presence of a possible sipapu 
feature. 

For the purposes of this paper, the most important difference in this structure was the presence of 
an adobe brick collar, probably constructed to raise the roof level of this shallow kiva The collar was 
present as wall fall into the fill of the structure, as any in situ bricks had probably been removed by the 
road grading. Native bedrock clay and stone was also present in great quantity within the fill of this 
kiva. These accumulations of bedrock were interpreted to be the spoils from the construction of 
structure 8. The presence of intact brick wall fall within these strata of redeposited bedrock indicates 
that the structure had been dismantled as the new kiva was constructed. Also present within this 
stratmn were two very large trapezoidal stones, roughly 50 cm long, 20 cm thick and 30 cm tall. The 
significance of these stones will be discussed later in this paper. 

The interpretation that the structure was abandoned prior to the construction of structure 8 was 
supported by the location of a stratum of burned roofing materials below the strata containing bedrock 
spoils and bricks. Additionally, there was evidence that the ventilator and deflector system were 
dismantled and the stones used in these features were found neatly stacked along the eastern wall of 
the structure. Given patterns of pueblo construction, and the nature of the structure's fill, it is likely that 
this kiva was the first structure built on the site (Wilshusen 1988b). 

Of the adobe bricks f01md within the fill of structure 10, 24 bricks were found to be whole and 
detailed measurements could be taken Many more brick fragments were located and samples of these 
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brick fiagments were recovered for particle size, petrographic, and chemical analysis. Fifteen of the 24 
intact bricks were recovered for interpretation, analysis and pubic display purposes. The bricks 
themselves were light gray (5 yr 4/2) when first encountered, but changed to light purple (5 YR 3/4) 
when exposed to the open air. This process of surface color change was probably due to the results of 
oxidation of the brick's surface materials. Some of the bricks recovered have one or two thin layers of 
white plaster on the interior surface. As a whole the bricks from this structure tended to be narrower 
than the bricks docmnented in 1992, ranging from 14 to 17 cm wide, versus 20 to 21 cm for structures 
1 through 6, and 26 cm for structure 7. 

The bricks from structure 10 provided more questions than answers to the nature of adobe 
manufacturing techniques. According to National Park Service ruins stabilization expert, Todd 
Metzger, at least one of the bricks definitely appeared to be form molded, whereas other bricks 
appeared to be hand formed (Todd Metzger 1994: personal communication). With a new sample size 
of 49 bricks, the variation in brick dimensions would have required the use of 44 different sized rigid 
molds. 

One pattern that was visible in the adobe brick dimensions was a trend towards wider bricks in later 
contexts. The bricks from structure 10 averaged 15 cm wide, whereas the bricks from most of the 
surfuce structures (structures 1 through 6) averaged 20.5 cm wide. The bricks from structure 7, which 
from it's position abutting the rest of the pueblo can be inferred as a later addition, averaged 26 cm 
wide. The implications of this pattern will be descnbed below. 

Adobe Architecture at Homol'ovi I 

The most extensive example of prehispanic adobe brick architecture in the Homol'ovi region can 
be seen at the site of Homol'ovi 1 The ruin of Homol'ovi L first excavated by Fewkes in 1896, 
represents the remains of a 700+ room pueblo overlooking the Little Colorado River ( Figure. 6.1). 
Based upon ceramics present, the site was probably occupied from AD. 1280 to 1380. The extent of 
the adobe architecture became apparent during two episodes of flooding in January and February of 
1993. A three week testing program also focused on this area during the summer of 1994. 

Altbough Fewkes had identified the general plan of the site, the unobtrusive surface remains in the 
southern portion of the site did not attract his attention The southern portion of the site appeared more 
as low mounds than masonry architectlU'e. The episodes of flooding in 1993 resulted in the exposure 
of the underlying architecture. The architecture became visible in an interesting fashion, as the flood 
water caused the clay-rich pockets of room fill to expand, and then contract as the fill dried. This 
contraction caused the room fill to pull away from the buried walls, resulting in room outlines clearly 
viSible :from the surface. This disturbance process, known as "argiliturbation" (Schiffer 1987) resulted 
in a unique opportunity for mapping these rooms. The exposed architecture was mapped with an 
E.D.M/theodolite station. 

The exposed architecture consisted of walls made from both coursed adobe and adobe bricks, as 
well as walls constructed with masonry stone. The bricks appeared to be similar to the adobes found 
at the Adobe Pueblo (Figure 6.4). Although the outlines of adobe bricks were only visible in 4 walls, 



Figure 6.4 Adobe brick wall, Structure 4, Homol'ovi I. 
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the same pattern of uniform brick width and varying brick length was seen in individual walls. 

The primary goals of the three week testing project was to excavate rooms that would allow for 
additional studies of both types of adobe architecture, as well as develop an initial ceramic chronology 
for the site. Two small rooms were selected, with both rooms thought to have all three types of 
architecture present. The northern wall for both rooms was constructed from masonry stone, the 
eastern, western and southern walls were thought to be made from coursed adobe, and the central wall 
dividing the two rooms was known to be made from adobe bricks. Upon excavation, it was clear the 
two rooms represented the subdivision of a single large room with the construction of the central adobe 
brick wall. The eastern and western walls of both structures also turned out to be constructed from 
adobe brick, rather than coursed adobe. 

Roughly 40 cni below the ground surface leveL the central adobe brick wall ended This was rather 
strange, because no floor surface was observed at this level or above, and no footer or foundation 
stones were observed. The fill itself consisted of deep, well stratified trash that continued down from 
the base of the central wall for another 2 meters. A cmsory examination of ceramics from these layers 
of trash indicated that the central wall was constructed at a level corresponding to a "yellow ware 
horizon". Fill below the base of the central wall lacked the yellow ware sherds common in the layers 
above. The lower levels of fill contained the earlier Winslow Orange Ware and Cibola White Wares 
instead. Based on this stratigraphic sequence and the associated tree-ring dated ceramics we could 
confidently assume that the earlier walls were constructed some time prior to AD. 1325 and the central 
wall was constructed after this time. 

Comparing the adobe bricks from these two contexts revealed the same pattern as seen at the 
Adobe Pueblo, The earlier bricks were 5 cm narrower than the later bricks. Other than this difference 
in width, the adobe bricks from Homol'ovi I appeared to be identical to the bricks at the Adobe Pueblo. 
One brick in the central wall presented definite evidence that some bricks had been re~ because the 
brick had obvious signs of smoke blackening, whereas none of the other bricks showed any sign of 
blackening at all 

The intact 2. 4 meter high section of adobe brick wall exposed along the eastern side of the room 
gave us the opportunity to examine the architecture in much more detail. The bricks in this wall 
showed the patterning in dimensions that would be expected from the use of molds or forms. Out of 
47 bricks measured only 10 different molds would have been needed for brick manufacture, assmning 
that the general pattern of consistent brick thickness was true for this wall segment. This wall also 
showed the pattern seen at the Adobe Pueblo, because the bricks appeared to have traits associated with 
both form-molding and hand-shaping processes. 

Fewkes does make mention of another site in the region made of adobe bricks; "farther down the 
Little Colorado (from Homol'ovi Ill) the author found in the ruins on the plains which border the river 
indications that the ancient houses were made from adobe alone," (Fewkes 1904:30). It is possible, 
however, that Fewkes was referring to a small pueblo site much like either the Adobe Pueblo or 
Homol'ovi III, located outside of the state park boundary or perhaps buried or removed by the river. 
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Interpreting the Method of Brick Manufacture 
. 

The sample of adobe bricks seen at these sites presented conflicting evidence for any particular type 
of manufacturing technique. There were seen to be four possible methods of brick construction, hand
shaping (Fewkes 191 t Judd 1916}, form-molding using wooden frames (Johnson 1992), form
molding using some sort of stone lined trough (Ward 1975) and possibly an earth block unit called 
''terr6ne", a type ofbrick made by cutting rectangular blocks of riverbed clay. (Richard Lange and Todd 
Metzger 1994: personal communication). 

To deduce the nature of adobe brick construction, the author did experimental replication of the 
Homol'ovi adobes in order to make a systematic comparison of the types of archaeological material 
traces that the different manufacturing techniques would leave on the surface and interior structure of 
the adobe bricks. To these ends the background research began by interviewing the owner of a modem 
adobe factory. Although such modem evidence must be evaluated critically, in some areas material 
correlates can be successfully generated, particularly in this case because the nature of the technology, 
apparently has changed little, if any. 

The time spent consulting with Robert Barnes of the Old Pueblo Adobe Company was particularly 
valuable. Mr. Barnes was able to dismiss the "terr6ne" hypothesis because such cut bricks show direct 
evidence of particle sorting. No such expected particle sorting could be seen. Additionally, the presence 
of small flecks of charcoal within the brick's interior would not be present in such a brick. Mr. Barnes 
also pointed out a previously unnoticed trait of formed adobes. When forms are used to cast adobe 
bricks, the removal of the form will create a slight outward bulge along the top edge of the brick. This 
bulge is the result of the removal of the form while the brick is still in a semi-plastic state, the mass of 
the brick pushes outward against the brick's surface tension. 

Another important point made by Mr. Barnes was that the fine grained nature of the adobe material 
would require the addition of calcite to act as ·a binding material. Examples of Hohokam adobe were 
found to be very rich in calcium carbonate, probably in the form of ground or puddled caliche soils 
(Wilcox and Shenk 1976). Although I had not considered it until this point, the presence of crystalline 
calcite was common in most deposits excavated at the Adobe Pueblo. 

With these points in mind, I returned to the Homol'ovi region in order to collect source materials 
for the replication of the adobe bricks. Returning to the Adobe Pueblo area I looked for a good source 
of calcite near a large circular depression that was assumed to be a borrow pit for the construction of 
the bricks. Brushing away the loose topsoils, it was immediately apparent that the circular depression 
had been excavated through a 20 cm layer of soils very rich in crystalline calcite. This finding seemed 
to confirm that this depression was the actual quarry for the soils used in the manufacture of the adobe 
bricks. After collecting samples of the fine sands, calcite rich soils, and the subsurface clays and silts, 
I set about finding the proper "recipe" for making adobes. 

An adobe brick is usually made from a mixture of sand, silts, and clays. Properly mixed, the 
negative ions present in the clays will bind to the positive ions in the sands to create a substance that 
will dry rock hard, and is suitable for construction (Niebla 1983). The accepted ratio of these materials 
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is usually 70% sand, 15% silt and 15% clay. Because adobe is a fairly forgiving material, slight 
deviations from this ratio will have little effect on the resulting material. Only when these proportions 
are dramatically out of balance does some sort of binder ( either mineral, such as calcium carbonate or 
organic such as hay, grass or straw) need to be used Simple geological screening of brick fragments 
from the Adobe Pueblo revealed that the sand content was only 45 to 50%, requiring the use of some 
type of binder. Results of screening a brick fragment from Homol'ovi Ill revealed similar sand content 
(Johnson 1992). 

The first set of experiments was conducted to determine the proper mix of raw materials. Three 
basic soil types were collected for use, the fine grained river sand, the sandy clay-rich topsoil and the 
similar topsoils from the calcite rich layer. Because there was no practical way to quickly separate the 
sand, soil and silt percentages for each of the raw material types, three different mixtures were tested. 
Three bricks were made, one with 33% fine sand, 33% soil and 33% ground calcite. The next brick was 
made from 50 % soil and 50 percent ground calcite, while the last brick was made from 50 sand and 
50 % soil. It is interesting to note that all three mixtures formed a "dough" like viscous mixture that 
behaved as good adobe-soils should (ToddMetger and Robert Barnes 1994: personal communication). 
All of the bricks dried with a minimum of cracking or shrinkage into a very solid brick-shaped adobe. 
A common test of adobe bricks is to drop the brick from shoulder height, if the brick survives the fall 
without breaking or cracking, then the brick is suitable for construction. Only the brick made from 33% 
sand, soil, and calcite survived the drop test This mixture was then used for the replication 
experiments. This experimental mixture will be further refined by the results of professional 
mechanical particle size analysis, the results of which were not available at the time of publication. 

The replication experiments were set up to help identify the trace evidence that hand-shaping, 
casting in wooden frames, or casting in stone frames created on the surface of the bricks. In addition 
to these shaping techniques I was interested in the effects that the adobe "dough" viscosity would have 
on the comers of the brick shapes, so two different brick mixtures were made, one wet (low viscosity) 
mixture and another dryer (high viscosity) mixture. From these two mixtures one example of each of 
the fonning techniques was made, creating 6 possible bricks. 

The experiments had the following results: 

The bricks made in wooden forms had very obvious wood grain impressions with straight sides. 
The rounding of the bricks comers was seen to be a factor of the viscosity of the adobe mixture. The 
brick made from the low viscosity mixture had extremely angular comers, whereas the brick made 
from the high viscosity mixture had rounded comers caused by the adobe mixture not coming into 
complete contact with the form's sides at the comer points. The slumping effect mentioned above was 
visible in both examples. 

The bricks cast in stone forms had a very different form of surface texture. Rather than the straight 
sides of the bricks made from wood frames, these bricks had a surface texture that was better described 
as oodulating. Although the sides of the brick were generally straight, the surface mirrored the texture 
of the native sandstones used in casting. The comer rounding was even more pronounced than that of 
the wooden formed bricks, even with a low viscosity mixture. Another visible trace of formed adobes 
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was the angle between the tops or bottom of the brick and the brick's side. In both the types of form-cast 
bricks this pattern was noticeable regardless of mixture viscosity. A~ the slumping effect was 
present in both the high and low viscosity mixtures. 

The hand-molded adobes were more difficult to replicate, and the attempt to make a hand-shaped 
brick from the low viscosity mixture was a complete failure. The hand-molded adobe had a much 
different shape than either of the other bricks. Instead of the tops of the bricks slumping outward, the 
brick appeared to bulge outward from the midpoint of the brick's side. The comers of the brick's side 
were more extremely rounded, and the angle between the top or bottom of the brick and the brick's side 
were seen to be very rounded as well. 

Fingerprints, long the determining factor in early attempts at interpreting brick manufacturing 
process, were present on the sides and top of the hand shaped bricks, but fingerprints were also visible 
in similar locations in the form-molded bricks. The presence of fingerprints was seen to be more of a 
factor representing the handling of the brick before drying, rather than manufacture technique. 

Conclusions 

With these results outlined, a re-examination of bricks collected from Homol'ovi region was in 
order. Examining the bricks from structure 10 at the Adobe Pueblo revealed that both hand-shaped 
and form-molded bricks were used Judging from the undulating surface of the form-molded bricks it 
is likely that the bricks were made in stone forms. It is possible that the two trapezoid-shaped blocks 
of stone found in the fill of structure 10 represent the remains of the sides of the original forms. Such 
a casting process would allow the two stones to be set roughly 20 cm. apart and the adobe mixture held 
in place by the use of two smaller pieces of stone as end caps. Once the brick had "set" ( usually 10 
minutes after pouring) the two large stones could be lifted and moved forward, and the next brick could 
then be poured One of the end cap stones for the first brick cast would then act as a cap stone for the 
next brick Such a process would ensure reasonable control over the width of the bricks created, while 
allowing for some variation in length ( as well as the slumping patterns observed in the bricks). 

Returning to the plan views and notes of the adobes found in the surface structure contexts, it is 
clear that, due to the fairly straight sides of these bricks and the sharp angle between the sides and 
bottoms, the bricks represent a similar stone-formed manufacturing process. 

An identical pattern of using both hand-shaped and cast-brick forms was present in the early wall 
seen at Homol'ovi I. The later wall appeared to be constructed from mostly cast adobe. The bricks 
observed at Homol'ovi III appeared to have been made from the same sort of stone casting, given the 
observed patterns of slumping and angular comers between the tops and sides of the bricks. 

Because no reliable da1a exist for the site of Chevelon Ruin no interpretations of adobe brick 
manufacture at this site can be made at this time. From a brief examination of the bricks visible in a 
pothole made in 1993, it is possible that these bricks were also made using some type of form molding, 
but additional fieldwork will be necessary to confirm this observation. 
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From these results it is clear that the initial introduction of adobe brick architecture in the middle 
Little Colorado River basin occmred at the site of Homol'ovi I and possibly Chevelon Ruin as well. The 
next site to use adobe bricks was the Adobe Pueblo, followed by the second occupation ofHomol'ovi 
III. 

The use of adobe brick architectlll'e at the Adobe Pueblo serves as a case study in the development 
of a prehistoric technology. The relationship between the Adobe Pueblo and Homol'ovi I has yet to be 
fully explored but it is clear from the ceramic chronology that the site was founded at least 40 years 
after the founding ofHomol'ovi I. The close proximity of these sites suggests the possibility that the 
Adobe Pueblo represents a "trial settlement" process often discussed when considering Hopi oral 
1raditions and the migration process. Under such a scenario, the Adobe Pueblo would have been settled 
by immigrants who petitioned to join the village of Homol'ovi 1 The settlers would have been told to 
settle nearby, so they could be observed for a period of time and then be allowed to join the main 
village after they had beenjud.ged worthy of becoming members of the community. Such a scenario 
does fit the observed pattern seen in the later architecture of Homol'ovi I. If this is true, then adobe 
architecture of structure 10 at the adobe pueblo may represent the immigrants learning how to use 
adobe architecttrre. All types of technology can be . considered to be recipes for action that are 
transmitted via frameworks for learning and teaching (Schiffer and Skibo 1987). The adobe remains 
found in structure 10 may be direct evidence for just such a process. The inhabitants of Homol'ovi I 
could have taught the skills to the newcomers or a simple lack of raw materials for construction could 
have forced the inhabitants of the Adobe Pueblo to emulate the construction patterns already visible. 
The trend towards wider bricks being found in later contexts probably represents a further refinement 
of this technology. Wider bricks would create walls with more compressive strength than the use of 
narrow bricks. This finding is supported by the use of wider bricks at the later re-occupation of 
Homol'ovi III 

As Fewkes (1904) noted in 1896, the use of adobe was probably due to the lack of suitable masonry 
stone in the area The closest possible stone quarry site was nearly 3 km away. The same problem was 
faced in historic times, as settlers at the nearby ninteenth century settlement of Brigham City decided 
to use masonry from the site ofHomol'ovi I rather than trek across the sand in search of suitable stone 
(Fewkes 1898). Because masonry stone was used at both of these sites, stone may have been the 
preferred building material but the costs of obtaining this stone were either too high, or later settlers 
may have been denied access to the quarry by existing inhabitants. 

Further research on adobe architecture in the Homol'ovi region will be greatly enhanced by the 
results of professional chemical and particle size analysis, as well as planned additional excavations 
at Homol'ovi I. These future excavations may show the same pattern of experimentation seen at the 
Adobe Pueblo, with the results of various efforts of prehistoric episodes of trial and error visible in the 
archaeological record 





Chapter Seven 

Middle Little Colorado River Rock Art and Relationships with 
the San Juan Anasazi 

Sally J. Cole 
Utah Musemn of Natural History 

Introduction 

This paper examines relationships between rock art imagery and cultural and social dynamics of 
the middle Little Colorado River, from the Puerco River to Wupatki National Monument, and that of 
the eastern and western San Juan River (Figure 7.1). The rock art is associated with the 
Anasazi-Westem Pueblo tradition of the Colorado Plateau dating from pre-AD. 1 to approximately 
1400. Rock art relationships over time are supported by material culture (Cordell 1984; Hays, Adams, 
and Lange 1991; Stewart 1980). 

Rock art has been organized into regional and cultural styles, and additional analysis and synthesis 
of data have followed. Turner (1963, 1971) pioneered rock art research in the San Juan River region 
Pilles (1975) initiated research in the middle Little Colorado River valley and made comparisons with 
material cultme and rock art styles descnbed by Turner (1963, 1971). Schaafsma (1963, 1972) first 
described eastern San Juan River rock art, and an inventory of Canyon de Chelly rock art by Grant 
(1978) provided information about stylistic developments in the western San Juan region Relative 
chronologies established by these studies have remained useful~ More recent investigations of rock art 
in the two regions have contnbuted to research data ( B. Anderson 1990; Burton 1990, 1993a; Cole 
1990, 1992, 1993, 1994; Castleton 1979; Christensen 1988, 1989, 1992, 1993, 1994; Dom et al 1993; 
Ives 1981, 1986; Jones 1987; Mccreery andMalotki 1994; Olsen 1985; and Schaafsma 1980, 1992). 

Rock art descriptive criteria vary, and problems exist with strict application and testing of styles 
because they do not comprise taxonomic classifications. Rock art styles involve style on all levels: 
description, organization, interpretation, and synthesis. Unlike items of material culture, rock art may 
be di:fficul! to isolate and quantify as to type or element variation and cultmal relationships over time 
and space. Rock art styles are working premises about the nature of and associations among types of 
images ( motifs and design elements) defined by subject matter, themes, forms, locations, and 
techniques of manufacture. 

More than one cultme may have used a rock art site, and some types of images (pecked and painted 
spirals, for example) may have been made and used by various cultures. It may not be obvious that all 
images of one "type" are chronologically related and part of a projected "style" or that a style is 
attnbutable to a particular culture. Cultures may have used more than one style or manner of depicting 
imagery. Similar points regarding theoretical and practical problems of rock art styles have 
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been raised previously by Brody (1991 ), Castleton (1978), and Cole (1990, 1994). 

To the extent that rock art styles are derived from field analysis and comparisons with material 
culture, they provide a chronological context for imagery. Presently, there is a lack of directly dated 
rock art; and dating techniques, especially those related to petroglyphs, are experimental in nature 
(Dom and others 1993; Harry 1995). 

Despite uncertainties associated with rock art styles, general agreement exists regarding the 
presence of certain types of imagery over time in the San Juan and middle Little Colorado River 
regions. Projected cultural relationships are strengthened significantly by associations with dated 
material culture including decorated pottery, textiles, and basketry; figurines, jewelry, and items of 
clothing (Cole 1990, 1992, 1993, 1994; Kent 1983b; Pilles 1975; Schaafsma 1980; Turner 1963). 

Material culture preservation has enhanced the study of San Juan rock art resulting in relatively 
secure dates for imagery. Middle Little Colorado River rock art, particularly that of Archaic and 
Basketmaker periods, is less well dated. 

Rock Art Imagery and Cultural Dynamics 

Rock art of the San Juan River and middle Little Colorado River valley can be related to problems 
of continuity and change among the Anasazi and Western Pueblo from pre-AD. 1 to 1400. One 
example involves anthropomorphs or hmnanlike figures associated with Archaic and Basketmaker II 
cultures. The imagery indicates shared Basketmaker II developments involving two ethnic groups. A 
second example involves the association of geometric designs with late Pueblo TI-Pueblo ill settlements 
during a period marked by expansion of San Juan culture, village growth, and development of cotton 
agriculture on the Colorado Plateau Additional examples concern Pueblo ill-Pueblo IV shieldlike 
imageiy that may be related to abandonment of the San Juan region and katsina iconography associated 
with Pueblo ill-Pueblo N aggregation in the Little Colorado region. 

Anthropomorthic Rock Art and Development of Basketmaker II Culture 

Matson (1991) has identified two ethnic groups, indigenous and immigrant, that typify 
Basketmaker II culture. Indigenous peoples are exemplified by Durango and Los Pinos Phase 
Basketmakers of the eastern San Juan region that have ties to Great Basin Archaic and Fremont 
cultures. Immigrant Basketmakers are represented at White Dog Cave and other western San Juan sites 
linked to the San Pedro phase of Cochise culture. Basketmaker Il is estimated to date between 
approximately 1000 or 500 B.C. to AD. 500 (Chisolm and Matson 1994; Smiley 1994). 

Archaic and Basketmaker rock art styles include distinctive anthropomorphic imagery. Styles and 
images of the San Juan region have been described by numerous researchers including Cole (1990, 
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1993, 1994), Daniels (1954}, Grant(l978), Guernsey and Kidder (1921), Schaafsma (1963, 19172, 1980, 
1992), and Turner ( 1963, 1971). Related rock art of the middle Little Colorado River has been 
described by Burton (1990), Christensen (1992, .1993), Cole (1992), Dom et al (1993), Ferg (1974), 
Martynec (1985}, Mccreery and Malotki (1994), and Pilles (1975), . 

Type-sites are in the San Juan region where Archaic styles are distinguished from Basketmaker 
II-Basketmaker III styles (Cole 1990; Schaafsma 1980; Turner 1971). In the middle Little Colorado 
valley, related styles generally are attributed to Basketmaker II-Basketmaker ill populations, although 
Archaic associations are recognized (Burton 1990; Christensen 1992; Dom et al 1993; McCreery and 
Malotki 1994; Pities 1975). This situation results from petroglyph style similarities and uncertainty 
about the nature of Archaic and Basketmaker developments. 

Archaic Style Rock Art 
Archaic imagery of the San Juan region is classified as Glen Canyon Style 5 (Turner 1963, 1971) 

or Glen Canyon Linear (Schaafsma 1980) (Figure 7.2). The rock art involves petroglyphs generally 
distributed along rivers. Examples occur, east to west, from Sand Island to Glen Canyon and Escalante 
River, Utah. Stylistically-related imagery is found farther west in Utah, north along the Colorado and 
Green Rivers in Utah and Wyoming, and, east, along the Dolores River in Colorado (Allen 1994; Cole 
1990). Related imagery also occurs in the middle Little Colorado River valley where it is variously 
classified as Archaic and Basketmak:er in age ( discussed below). 

The temporal origin of Glen Canyon Style 5 petroglyphs is supported by formal similarities to 
Archaic split-twig figurines and geological evidence based on the presence of blue-black patina from 
oxides of iron and manganese and cliff erosion Additional evidence is provided by the generally older 
appearance of Glen Canyon Style 5 petroglyphs relative to San Juan Basketmaker II-Basketmaker III 
and Pueblo rock art styles that are more securely dated ( Cole 1990, 1992, 1994; Grant 1978; 
Schaafsma 1980; Turner 1963, 1971). 

Glen Canyon Style 5 anthropomorphic imagery resembles that of other Archaic styles on the 
Colorado Plateau and in the neighboring Great Basin and Rocky Mountains, including Barrier Canyon 
Style of the Canyonlands region in Utah and Colorado (Cole 1990; Schaafsma 1980) (Figure 7.3), 
Dinwoody or Wyoming Interior Line Style in southwest and west central Wyoming ( Cole 1990; 
Gebhard and Cahn 1950; Gebhard 1969; Walker and Francis 1989), Coso (Mountains) Style in eastern 
California (Grant et al 1968), and Lincoln Comity, eastern Nev~ petroglyphs descnbed by Heizer and 
Hester (1978). 

Similar anthropomorphic imagery apparently does not occur in neighboring areas to the south, 
suggesting that it is an indigenous development and was not introduced from below the Mogollon Rim 
by San Pedro Cochise immigrants. Archaic-based Pecos Focus rock art of extreme southwest Texas 
resembles the Barrier Canyon Style (Schaafsma 1971 ), but direct links have not been demonstrated. 

Typical Glen Canyon Style 5 anthropomorphs range from approximately 20 cm to a meter in 
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a 

Figure 7.2 Glen Canyon Style 5 petroglyphs. a - d: Details from sites 42SA5263 and 42SA3589, 
Sand Island, Utah. Elements range from approximately 10 cm to 1 m in length. Illustration c is 
redrawn from Pachak (1994: Fig. 7). 
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Figure 7.2 (continued) 
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Figure 7.3 Detail of Barrier Canyon Style red paintings, Needle District of Canyonlands National 
Park, Colorado River drainage, Utah. Larger elements are approximately 1 min length. 

length. Figures have rectangular, rounded, and oval torsos and, less frequently, sticklike bodies. Full
bodied forms generally are shown in outline with interior body decorations such as parallel and 
cross-hatched lines and rows of dots. (These generally are not as textilelike as are interior designs on 
San Juan Basketmak:er style figures, and realistic details of clothing and jewelry shown on 
Basketmak:er style images are missing.) Some Style 5 figures have solidly pecked bodies. Legs may 
be shown; anns, hands, and feet are less common. There are examples of phallic males; females are 
less obvious. One is suggested by "nipples and breasts" at a site near Butler Wash on the San Juan 
River. 

Hallmarks of Style 5 anthropomorphs are two-horn or two-antennae headdresses ( often rabbit 
ear-like). Rayed or crownlike forms, arcs, and rows of dots also occur. Heads may be rmmded, 
rectangular, triangular, or linear and shown in outline or as solid forms. Very small heads may sit atop 
long thin necks. Facial features (eyes and mouth) are common, and faces may be decorated by 
horizontal or vertical lines or circles. Eyes and mouths may be rounded or elliptical ( appearing to 
droop). Faces, masks, or scalps with necks or "handles," headdresses, and decorative markings also 
occur. 
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Figures may be grouped and shown in rows; they often are static but may appear to be in motion. 

Figures are shown holding, attached to, and juxtaposed with a variety of elements including lines, dots, 

circular forms, "flutes," faces or masks, probable atlatls or darts, "sticks" including curved forms, 

"ropes," big horn sheep, and deer or elk with interior body decorations. Overall, Style 5 images are less 

realistic than San Juan Basketmaker style anthropomorphs discussed below. 

San Juan Basketmaker Rock Art 
San Juan Basketmaker II style rock art is described as Basketmaker (Grant 1978), Los Pinos, San 

Juan Anthropomorphic Style (Schaafsma 1963,1972, 1980, 1992), and San Juan Basketmaker II-IlI 

(Cole 1990) (Figures 7.4 and 7.5). Certain image-types and subject matter are associated with 

Basketmaker II (earlier and later) and Basketmaker III material culture. San Juan Basketmaker styles 

involve petroglyphs, paintings, and combination forms that, unlike the Glen Canyon Style 5, may occur 

in areas that are remote from river corridors. 

Styles are distributed, east to west, from the La Plata and San Juan mountains of Colorado and 

New Mexico (GobernadorDistrict) to Glen Canyon, Utah. North to so~ styles occur from Cedar 

Mesa in Utal\ to Tsegi Canyon and Canyon de Chelly, Arizona. Stylistically- related imagery is found 

north and west in the Colorado and Virgin River drainages (Cole 1990, 1994). 

Figure 7.4 San Juan Basketmaker II-III style petroglphs near the mouth of Butler Wash, Utah. 

Larger elements are approximately 1 m in length. 
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Figure 7.5 San Juan Basketmaker II-III style rock art. a: Detail of a petroglyph, northeastern New 
Mexico. Drawn from a photograph (Schaafsma 1992: Fig. 2). b: Detail ofpetroglyphs, Butler 
Wash, Utah. Larger anthropomorph is approximately 1. 5 m in lenth. c: Petroglyph panel, .Cedar 
Mesa, Utah. Ducklike bird is approximately 70 cm in length. 
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Figure 7.5 ( continued) d: Detail of a red and white painting, Grand Gulch, Utah. Image is 
approximately 25 cm in length. Redrawn from field sketch by John Buck. e: Detail of a painting 
and petroglyph, Grand Gulch, Utah. Outlined areas are white; solid areas are dark red, an9 
shaded areas are lighter red; dots indicate pecking, and thin lines are incised. Larger 
anthropomorph with ducklike headdress is approximately 80 cm in length. Redrawn from a field 
sketch by Judith Hulburt. f: Red (solid) and white (outlined) paintings, Canyon de Chelly, 
Arizona. Redrawn from Grant 1978:Fig. 4.13a, 4.16. 
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Typical San Juan Basketmaker style anthropomorphs range from approximately 10 cm to more than 
a meter in length. Figures may be solid or shown in outline, with and without interior body decorations. 
They usually have broad shoulders with rectangular, triangular, and trapezoidal bodies or torsos. 
Relatively large static fonns, occasionally holding "bags" and other items, may be shown in groups and 
are sometimes linked Other figures are more realistic and active, and have relatively few decorative 
details. These include reclining, standing, and sitting flute or whistle players, figures holding circles and 
discs, and those with atlatls and darts ( some are part of hunting scenes). 

Larger static figures may have oversized hands and feet, some resemble bird and other animal 
tracks. Anns usually extend out from the shoulders and hang down, and legs hang straight down. Body 
decorations include dots; vertical, horizontal, wavy, and zig-z.ag lines; cross-hatched lines; and 
chevrons. These may be related to fur, feather, and cotton blankets ( Guernsey and Kidder 1921; Haury 
1945; Kent 1983b). 

Identifiable items such as arm bands, sashes or belts, fringed aprons, pendants, necklaces, and 
earrings are depicted. Phallic males frequently are represented; females may be signified by vulvas, 
breasts, pregnancy and birth scenes, and apronlike clothing (Cole 1990, 1993; Guernsey and Kidder 
1921; Morris 1951). 

Necks may be long and thin or realistic in size. They are topped by rounded heads ( sometimes quite 
small), or rectangular and rounded heads may sit directly on broad shoulders. Side hair-bobs, pendant 
"earrings," and long rows of dot "earrings" are common. Hair-bobs are particularly distinctive and 
probably represent a hair style of San Juan Basketmakers (Guernsey and Kidder 1921 ). 

Headdresses are shown and include various "horn," "feather," and "antennae" types, rayed lines 
( crownlike ), and crescent and rectangular tablitalike forms. Crescents and ovate f onns are sometimes 
stacked and may be shown as left ear extensions along the San Juan River in Utah and at Canyon de 
Chelly, Arizona. Birds may hover just above heads, sit on them, or replace them. Stacked bird 
headdresses, also, occur. This type of bird imagery is particularly obvious in the western San Juan 
region (Cole 1990, 1993; Grant 1978; Schaafsma 1980). 

Facial features generally are limited to eyes (large and rounded) and, sometimes, mouths. Figures 
may have masklike faces that are blank or decorated by horizontal bands and block designs. Possible 
mask, scalp, and face representations (some with "necks" or "handles" and decorations) also occur 
(Cole 1990, 1993). 

At some sites, images appear to have been altered over time by the addition of decorative details, 
superimposition and attachment of imagery, and by ground, scratched, and pecked areas. Certain types 
of alteration probably are the result of continuous rock art use by Basketmakers, while other types 
appear more recent and represent activities of later cultures. A similar situation exists for the 
Archaic-based Barrier Canyon Style rock art (Cole 1990, 1993). 

Figures near the mouth of Butler Wash and in Grand Gulch, U~ incorporate attributes 
(headdresses, body fonns, and interior decorations) of Glen Canyon Style 5 and San Juan Basketmaker 
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style imagery, but such overlaps are not common. Patterns of weathering and patinatiq~ panel 
situations, and superimpositions indicate that Glen Canyon Style 5 generally has earlier beginnings than 
San Juan Basketmaker style imagery. The existence of composite imageiy and broad similarities of 
form and theme, however, suggest that the two styles overlapped in time as well as space. 

Middle Little Colorado River Archaic-Basketmaker Rock Art 
In the middle Little Colorado River region, anthropomorphic imagery clearly related to Glen 

Canyon Style 5 and San Juan Basketmak:er style rock art occurs (Figures 7.6 and 7. 7). Consistent with 
those of the San Juan region, Style 5-related images are petroglyphs, and Basketmaker-related images 
are petroglyphs and paintings. ''Pure" style-types and similar subject matter occur; but, unlike the 
situation in the San Juan region, it is not evident that one style is significantly earlier, and stylistic 
overlaps are prominent (Figure 7.8). 

The rock art appears confined to the eastern portion of the study region and is reported, east to west, 
from the Puerco River (Petrified Forest National Park) and Silver Creek, to Homolovi Ruins State Park 
and Chevelon Creek, Arizona McCreery and Malotki (1994) have illustrated numerous examples and 
have designated two styles, Palavayu Linear Basketmaker and Majestic Basketmaker. 

Glen Canyon Style 5-related anthropomorphs have tapered and rectangular bodies as well as those 
that are sinuous and snakelike. Unsual "winged" or fringed torsos and headdresses composed of floppy 
and fringed "antennae" are shown. Headdresses of the middle Little Colorado region appear to have 
more variation than in the San Juan region. Faces, masks, or scalps with headdresses and "handles" or 
necks are shown. Similarities between certain anthropomorphs and those of the Barrier Canyon Style 
are obvious, a situation that also exists in the San Juan region. 

San Juan Basketmaker-related imageiy of the middle Little Colorado River region appears to lack 
the more elaborate headdress forms, although examples of stacked tablitalike crescents, bird and 
stacked bird headdresses do occur (McCreery and Malotki 1994 ). Realistic details of clothing and 
jewelry are less obvious in the middle Little Colorado region, although textilelike patterns are exhibited 
(Christensen 1992; Cole 1989, 1994; McCreery and Malotki 1994). Mask, face, or scalp 
representations appear to be missing. 

Similar to the situation in the San Juan region, petroglyphs have been altered Pecked depressions, 
apparently made by a later culture, mark anthropomorphic imagery (McCreery and Malotki 1994 :Fig. 
2.18). Certain middle Little Colorado River imagery is strikingly similar to Basketmaker style 
anthropomorphs of Glen Canyon (Turner 1963) and the Colorado River to the north as well as to some 
Fremont rock art (Castleton 1978; Cole 1990; Schaafsma 1971). Shared imagery includes distinctive 
fringed headdresses, crowned headdresses, arcs over heads, antennae-like headdresses, long curved horn 
headdresses, dangling pendant earrings, triangular bodies, and raised or "waving" hands (Figure 7.9). 

Certain head forms, faces, decorative details, and headdresses of middle Little Colorado River 
''Basketmaker style" rock art resemble those of the Glen Canyon Style 5. In other instances, "Glen 
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Figure 7.6 Glen Canyon Style 5-related petroglyphs of the middle Little Colorado River region. 
a - b: Silver Creek, Arizona. Redrawn from Christensen (1992: Fig. 2a-c, 3h). c: Detail drawn 
from a photograph by Ekkehart Malotki (Mccreery and Malotki 1994:vi). Note similarity to San 
Juan facial decorations shown in Figure 7.2 c and d. d: Cottonwood Creek ruin, Arizona. 
Anthropomorph is approximately 50 cm in length. 
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Figure 7.7 San Juan Basketmaker II-ID style-related petroglyphs of the middle Little Colorado 
River region. a - b: Details from Chevelon Creek, Arizona. Larger anthropomorphs are 
approximately one meter in length. c: Detail from Homol' ovi ruins, Arizona. Anthropomorph is 
approximately 55 cm in length. 
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Figure 7.7 (continued) d- e: Details drawn from photographs by Ekkehart Malotki (Mccreery 
and Malotki 1994:Fig. 9.22, 9.23). 
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Figure 7.8 Middle Little Colorado River petroglyphs that share traits of Glen Canyon Style 5 and 
San Juan Basketmaker II-III style. Body forms, horn or antennae headdresses, and facial features 
most closely resemble Glen Canyon Style 5, but side hair-bobs, pendant earrings, rayed or -
crownlike headdresses, the divided masklike face, and the row of linked anthropomorphs are 
typical of San Juan Basketmaker II-ill style. Note similarity between b and Barrier Canyon style 
imagery in Figure 7.3. a: Cottonwood Creek ruin, Arizona. Larger anthropomorph is 
approximately 45 cm in length. b: Redrawn from Mccreery and Malotki (1994:Fig. 2.3). c: 
Homol'ovi ruins, Arizona. Anthropomorph in upper center is approximately 35 cm in length. 
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Figure 7.9 Details ofBasketmaker II-III style petroglyhs from Glen Canyon site NA2681. Drawn 
from a photograph (Turner 1963:Fig. 73). 

Canyon Style 5" bodies appear with side "hair-bobs", pendant earrings, and necklaces. Such mingling 
indicates complex cultural development( s) in the middle Little Colorado River regio~ which may have 
resulted from ethnic interaction during the rise of Basketmaker II. 

The path of San Pedro Cochise peoples from the south may have connected the two regions during 
the Archaic period and exposed immigrants to indigenous Colorado Plateau iconography (Glen Canyon 
Style 5?) that was accepted and adapted as Basketmaker II culture developed. Excavation and direct 
dating of rock art may answer questions about the origin and exchange of imagery and test the Matson 
proposal regarding the ethnic nature of Basketmaker II (Matson 1991, Matson and Cole 1992). 

Late Pueblo II-Pueblo III Settlements and Geometric Images 

Petroglyphs and paintings proposed to date approximately AD. 1050 to 1300 feature a variety of 
geometric designs. These are assumed to be conventionalized symbols that communicated ideas, events 
(historical, natural, and supernatmal), and specific subjects. The imagery occurs throughout the study 
regions, within and near settlements of the period Dating of the subject matter generally is based on 
associations with architecture and similarities to ceramic designs (B. Anderson 1990; Burton 1990, 
1993a; Christensen 1988, 1989, 1994; Cole 1990, 1993; Grant 1978; Jones 1987; Kent 1983b; 
Mccreery andMalotki 1994; Pilles 1975; Schaafsma 1972, 1980, 1992; Turner 1963). 

The occurrence of geometric imagery coincides with expansion of San Juan Anasazi culture, 
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population shifts and aggregation into larger communities, and development of cotton agriqµlture on 
the Colorado Plateau (after AD. 1100) (Adams 1991a; B. Anderson 1990; Burton 1990, 1993a; Cordell 
1979, 1984; Dean 1970; Kent 1983b; Plog 1979). In the middle Little Colorado River region, similar 
imagery apparently continued beyond the Pueblo ID period (Burton 1990, 1993a; Christensen 1989, 
1994; Cole 1992; McCreery and Malotki 1994 ). 

Rock art geometric designs can be divided into three generalized types: (1) straight and curved 
lines, some with attached curvilinear, rectilinear, and natural forms; (2) individual (finite) and complex 
motifs involving spirals, concentric circles, I-shapes, outlined crosses, and rosettes; and (3) patterned 
designs involving frets, squares, hooked lines, linear steps, solid terraces, dots, and triangles that may 
be bounded or open (Figures 7.10 - 7.12). 

The last category has been described as pottery- and textile-like, and designs generally resemble 
those found in both ( and other) media. Realistic forms and details of textile artifacts are shown ( for 
example, sandals and blankets or ponchos) and may feature a central motif typical of Anasazi design 
or uncentered overall patterning typical of Sinagua, Hohokam, and Mogollon textile design 
(Christensen 1994; Kent 1983b; Turner 1963). Ceramic vessels do not appear to be represented, 
although they may have been symboled, and some circular ( shieldlike) images may depict decorated 
bowls. 

Type 3 geometrics may have been associated with cotton at various stages of production: growing, 
processing, weaving, painting, distributing, receiving, and use. The widespread significance of cotton 
is manifested in Pueblo material culture, and trade is likely to have been extensive (Kent 1983b ). 
Peoples of Wupatki National Monument, Grand Gulch, Canyon de Chelly, and Glen Canyon probably 
grew cotton as sites in these locations have yielded seed, bolls, and unprocessed fiber (Kent 1983b:29). 
Type 3 geometrics are depicted at these locations (Anderson 1990; Grant 1978; Turner 1963). 

Types 1, 2, and 3 geometrics, petroglyphs and paintings, generally extend across the San Juan 
region eastward from Glen Canyon to Chaco Canyon and south to Canyon de Chelly (Cole 1990; 
Grant 1978; Olsen 1985; Schaafsma 1972, 1980; Trick 1982; Turner 1963). Types 2 and 3 are 
prevalent in the middle Little Colorado River valley, but Type 1 does occur (B. Anderson 1990; Burton 
1990, 1993a; Christensen 1988, 1989, 1994; Pilles 1975). 

Type 1 imagery has a narrative quality insofar as it joins geometric and, occasionally, naturalistic 
images. The linear "squiggle mazes" (Turner 1963), which are common in the San Juan region and 
occur at Wupatki National Monument (B. Anderson 1990; Cole 1990; Schaafsma 1980), are less 
suggestive as to function or meaning. Type 2 imagery, particularly spiral and concentric circle motifs, 
are common in both study regions (B. Anderson 1990; Burton 1990, 1993a; Cole 1990; Grant 1978; 
Olsen 1985; Schaafsma 1972, 1980, 1992; Turner 1963). 

Spirals and concentric circles appear in earlier styles of Anasazi rock art but apparently take on 
additional importance during the Pueblo Il and ID periods (Cole 1990; Schaafsma 1980). Some are 
marked by patterns of sunlight and shadow at certain times of the year and are part of astronomical 



Figure 7.10 Late Pueblo II-Pueblo III Type 1 and 2 geometric petroglyphs from Grand Gulch, Utah. Spiral on far right is 
apporximately30 cm in length. · 
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Figure 7.11 Type 1 and Type 2 geometric petroglyhs and a weathered katsina mask (lower right), Mesa Verde, Colorado. Hands 
are life-size. 
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Figure 7.12 Type 1, 2, and 3 geometric petroglyphs of the middle Little Colorado River region. 

a: "Squiggle-maze at Wupatki National Monument. Redrawn from Anderson (1990:Fig. 9.62). 

The motif is less expansive than that in Figure 12 from Mesa Verde. b: Cross attached spirals 

(complex swastika) motif at Wupatki National Monument. Redrawn from Anderson (1990:Fig. 

9.11). c: Extended spiral with attached sitting birds at Wupatki National Monument. Redrawn 

from Anderson (1990:Fig. 9.61). d: Outlined cross motif at Wupatki National Monument. 

Redrawn from Anderson 1990:Fig. 9.24). e: Textile-like geometric petroglyph at Petrified Forest 

National Park, Arizona. Redrawn from Christensen (1989:Fig. 4. 13B). f: Textfle-like geometric 

petroglyph at Wupatki National Monument, Arizona. Redrawn from Anderson (1990:Fig. 9.54). 
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alignments. These phenomena may have had calendric as well as ceremonial and tsymbolic 
significance. Among historic Pueblos, concentric circles and spirals ( counter-clockwise and clockwise) 
are associated with the sun, a whirlwind, migration, and ceremonial paths and practices (Frazier 1979; 
Malville and Putnam 1993; Olsen 1985; Preston and Preston 1983; Sofaer etal 1979; Williamson 1984; 
Zeilik 1985). 

Type 3 paintings and petroglyphs represent a new image complex for Anasazi rock art, although 
inclusive elements, such as triangles, are found in rock art styles and on pottery, textiles, and basketry 
of earlier periods (for example, Guernsey and Kidder 1921; Kent 1983b; Rohn 1977). Bold and 
precisely executed Type 3 petroglyphs are at Glen Canyon, Wupatki National Monument, Silver Creek, 
and Petrified Forest National Park (B. Anderson 1990; Burton 1990, 1993a; Christensen 1989, 1994; 
McCreery and Malotki 1994; Turner 1963). Christensen (1992) observes that they are a hallmark of 
Little Colorado River valley rock art and may be the focus of petroglyph panels at Petrified Forest and 
elsewhere. 

Mesa Verde, Colorado; Grand Gulch-Cedar Me~ Utah; and Marsh Pass and Canyon de Chelly, 
Ariz.ona, have Type 3 geometrics painted, incised, scratched, and pecked on plastered walls, masonry 
blocks, and natural sandstone walls oflate Pueblo II-Pueblo III cliff dwellings. Kiva murals incorporate 
similar motifs (Cole 1990, 1993; Fletcher 1982; Grant 1978; Kent 1983b; Schaafsma 1980; H. Smith 
1980; W. Smith 1952). A red ''blanket" or "poncho" is painted on a tower wall at Cliff Palace, Mesa 
Verde; sandal ''tracks" are incised in plaster at a Grand Gulch site; and a red-and-white fret decorates 
a kiva bench at Mummy Cave, Canyon del Muerto (Figures 7.13, 7.14, 7.15a)]. 

In addition to textiles, other objects appear to be associated with Type 3 geometrics. These include 
possible masks, shields, tablitas, "slab pahos" or dance wands, and altars (B. Anderson 1990; Burton 
1990, 1993a; Christensen 1988, 1989, 1994; Cole 1990; Fewkes 1927; Kent 1983b; Mccreery and 
Malotki 1994; Morris 1924; Morris and Burgh 1941; Schaafsma 1980; Smith 1952; Stephen 1936; 
Stevenson 1904; Turner 1963)(Figures 7.15b, c, d). Certain "slab pahos" at Petrified Forest sites 
formally resemble T-shaped doorways and rock art images of the Mesa Verde area and may be related. 
Type 3 geometrics, also, are associated with late Pueblo ID-Pueblo IV katsina iconography of the Little 
Colorado River region (Burton 1990; Christensen 1989; 1992; Cole 1992; Mccreery and Malotki 
1994). 

Conventional images in association with villages and related farming areas, water, and clay sources, 
are likely to have communicated information about people who used space and natural resources of 
newly aggregated communities. Associations with textiles and ceramics made by families and clans 
and to subjects such as masks and pahos or wands support the possibility that the rock art served to 
identify people and their roles in society, religion and ceremony, agriculture, industry, and trade. 

Shields and Katsinas of Pueblo ill-Pueblo IV Abandonment and Aggregation 

Cultural explanations for twelfth- and thirteenth-century Pueblo abandonment of the San Juan 
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Figure 7.13 Pueblo III red paintings on an interior tower wall at Cliff Palace, Mesa Verde, 
Colorado. Rectangular design resembles a woven blanket or poncho. 
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Figure 7. 14 Details from imagery incised on plaster walls of a late Pueblo II-Pueblo Ill cliff 
dwelling, Grand Gulch, Utah. Woven sandals or patterns for sandals appear to be represented. 
"Sandal with toes" is approximately 10 cm in length. Redrawn from a field sketch by Sharon 
Thomas. 
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Figure 7.15 Textile and pottery-like designs in late Pueblo II-Pueblo III architecture and rock art 

styles. a: Red and white paintings on kiva bench, Mummy Cave, Canyon del Muerto, Arizona. 

Redrawn from Grant (1978:Fig. 4.50d). b:Type 3 geometric petroglyph. Detail of possible "slab 

paho"'' or dance wand at Petrified Forest National Park. Redrawn from Christensen (1988:Fig. 

11.2.13 ). c: Type 3 geometric petroglyph of a T-shaped "slab paho." Redrawn form McCreery 

(Mccreery and Malotki 1994:Fig. 9.3). d: Mask-like Type 3 geometric petroglyphs. Glen 

Canyon, Utah, site NA7179. Drawn from photographs (Turner 1963:Fig. 22, 47). 
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region (and Wupatki National Monument) include conflict and warfare resulting from internal strife, 
resource depletion, and pressures from non-Pueblo peoples such as Paiute, Ute, and Navajo (Cordell 
1984; Lipe 1994; Turner and Turner 1990; Turner et al 1993; Van West 1994b; Young and Bettinger 
1992). Pueblo III-Pueblo IV style rock art of the San Juan region and (to a lesser extent) that of the 
middle Little Colorado River offers evidence of conflict in depictions of shieldlike imagery (Figures 
7.16 - 7.18). Pueblo ill and Fremont style rock art to the north of the San Juan region also includes 
shield imagery (Castleton 1978; Chaffee and others 1994; Cole 1990; Schaafsma 1980). 

Pueblo ill basketry shields have been found at Mesa Verde, Colorado; Aztec Ruins Anne~ New 
Mexico; and Canyon de Chelly, Arizona (Morris 1924; Morris and Burgh 1941). All apparently are 
related to Mesa Verde culture. The Mesa Verde shield is round and undecorated; the Aztec shield is 
slightly oval and elaborately decorated with concentric bands of red and greenish blue stain and an 
overlay of pitch and selenite. The shield from Canyon de Chelly ( Canyon del Muerto) is round and has 
a painted image of a lizard or :froglike person in the center. 

Shield-like motifs are common in the western San Juan region, north and south of the river, where 
they occur near and on rear room walls of cliff dwellings at Forgotten Canyon (Glen Canyon area), 
Cedar Mesa and Chinle Wash; Uta!\ and in Monument Valley, Canyon de Chelly, Chinle Was~ and 
Tsegi Canyon, Arizona (K. Anderson 1971; Castleton 1979; Cole 1990; Grant 1978; Schaafsma 1980). 
Many of these images are painted, some polychrome, and are easily viewed from outside, although, in 
instances where they were enclosed in rooms, this would not have been a factor. Today, fallen masonry 
and jacal walls have left some rear wall paintings exposed. As many as eight painted shields with 
interior decoration occur at a Slickhom Canyon site on Cedar Mesa: 

K. Anderson (1971) has proJX>sed that shields in rock art ofTsegi Canyon, Arizona, had heraldic 
symbolism for groups that occupied cliff dwellings. These may have included clans and associated 
warrior societies such as those of the historic Hopi and Zuni (Fewkes 1892; Stephen 1936; Stevenson 
1904). 

Circular, rectangular, and oval shieldlike images occur as petroglyphs and paintings. They are 
exhibited as individual elements and as if held in front of the body. Some of the latter are large and 
cover much of the body; such forms are labeled shield-figures. A few examples show people holding 
relatively small shields in their hands, and some pairs appear to be fighting ( Castleton 1979; Grant 
1978). Shieldlike motifs frequently have interior decoration, and personal observations suggest that few 
are the same. These may symbol individuals or specific groups. 

In the eastern San Juan region, shield motifs are less obvious than in the west Petroglyphs that 
appear to show figures with extended shields occur at Castle Rock in McElmo Canyon, Colorado, and 
two shield-figures are incised on a kiva wall in Cliff Palace at Mesa Verde National Park _(Copeland 
and Ives nd ). Differences in shield representation of the western and eastern San Juan raise interesting 
questions about levels of conflict, social use of shields, and the significance of shield imagery in the 
two areas. 

It appears that the middle Little Colorado region has relatively few shieldlike representations, which 



Figure 7.16 Painted white and white and green "shields" above a masonry wall. Late Pueblo II - Pueblo III cliff-dwelling, Grand 
Gulch, Utah. Elements are approximately 50 cm in length. 
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Figure 7.17 Shield-like imagery in association with late Pueblo II and Pueblo III architecture in 

the San Juan region. a: Detail of a shield-figure incised on plastered wall of Kiva K, Cliff Palace, 

Mesa Verde, Colorado. Redrawn from Copeland and Ives (n.d.). b: White painted shield-figure 
with handprint, Chinle Wash, Utah. Image is approximately 1 min length. c: White painted 
shield-figure at bat Woman House, Tsegi Canyo~ Arizona. Drawn from a photograph -
(Schaafsma 1980:Fig. 108). 
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Figure 7 .18 Pueblo ill-Pueblo IV shield-like imagery of the middle Little Colorado River region. 
a: Petroglyph "shields," a hand, a pottery-textile design, (probably Pueblo ill). Shield on right is 
approximately 40 cm in length. b: Details of petroglyph "shields,'' including a possible mask
shield with eyes and bared teeth, at Petrified Forest National Park, Arizona. Left image is 
approximately 80 cm in length; right image is approximately 40 cm in length. c: Petroglyph of a 
katsina shield-figure at Petrified Forest National Park, Arizona. Bird (macaw?) And snake 
imagery appears on the "shield." Element is approximately 60 cm in length. 
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suggests less conflict there and may explain why it was a destination for groups abandoning the San 
Juan region during the Pueblo ill period. In the middle Little Colorado River valley, petroglyph 
shieldlike motifs occur at Homolovi Ruins State Park, near Homol'ovi II and IV, and at Petrified Forest 
National Park (Burton 1993a; Christensen 1988, 1989, 1994; Cole 1992). Like those of the San Juan, 
these "shields" have interior decorations. Particularly interesting examples have "eyes" and "bared 
teeth" that may relate to katsina masks. A shield-figure at Petrified Forest depicts a katsina with bared 
teeth and bird and snake imagery on the shield (Burton 1993a; Cole 1990) (Figure 7.18c). 

Symbolic links among katsinas, shields, and warriors is consistent with the historic katsina cult at 
Hopi and Zuni villages. A katsina with similarly bared teeth represents Maasaw, Hopi god of death, 
war, and fertility; Puukonhoya and Pa'lunahoya, Hopi War Gods, are represented by katsinas of the 
same name; and Tcha'kwena katsina represents Ku'yapalitsa, Zuni ancestral warrior woman. Various 
katsinas act as ceremonial guards and fierce defenders of traditional society (Fewkes 1903; Malotki and 
Limatuway'ma 1987; Stevenson 1904 ). 

The advent of katsina iconography marks the end of ancient relationships between middle Little 
Colorado River rock art and that of the San Juan River. Generally, the katsina cult and its iconography 
are associated with sites occupied after AD. 1300 and abandonment of the San Juan region Adams 
(1991 a) proposes that the katsina cult developed among the Western Pueblo between approximately 
AD. 1250 and 1300 and acted to integrate large aggregated communities, some of which survived into 

. the historic period. 

Middle Little Colorado River rock art with katsina iconography has been described by Burton 
(1990, 1993a}, Christensen (1988, 1994), Cole (1990, 1992), Pilles (1975), and Schaafsma (1980). 
Related styles date between AD. 1200-1250 and 1400, when pueblos such as those of Homol'ovi and 
Petrified Forest were occupied (Figures 7.19 and 7.20). 

Some katsina iconography in middle Little Colorado River rock probably has been made after 1400 
by visiting Hopi. Relatively recent appearing mask petroglyphs at Homolovi Ruins State Park and 
Inscription Point near Wupatki are likely examples (Cole 1992). A model for this activity is the Hopi 
shrine of Tutuventiwngwu, Willow Springs, Arizona, where katsina masks and other petroglyphs 
symbol participation by Hopi clans in rituals to gather salt and yellow pigment (Titiev 1937; Weaver 
1984). Historic practices of shrine visitation and making of rock art probably are rooted in the ancient 
past. 

Most katsina iconography of the San Juan region occurs as petroglyphs in the Glen Canyon area 
(Turner 1963 ), and some or all may have been made by visiting Hopi or other pueblos following 
abandonment. This may also be the case for a weathered mask petroglyph at Mesa Verde National 
Park, which has been identified by Hopi informants as a symbol of the Katsina clan (M~sa Verde 
Museum documentn.d) [Figure 7.11]. 

Conclusion 

Despite difficulities with dating, rock art can be tied to the material culture record and is useful for 



Figure 7.19 Pueblo III - Pueblo IV style petroglyhs showing katsina masks with bared teeth and headdresses. Petrified Forest 
National Park, Arizona. Center mask is approximately 25 cm in length. 
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Figure 7.20 Examples of middle Little Colorado River katsina iconography probably dating 
between AD. 1250 and 1400. a: Petroglyphs near Homol'ovi ruins, Arizona. Mask on left is 
approximately 35 cm in length; mask on right is approximately 80 cm in length. b: Petroglyphs 
at Petrified Forest Naitonal Park, Arizona. Mask on left is approximately 35 cm in length; mask 
on right is approximately 30 cm in length. 
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observing broad patterns of interaction. Imagery may provide insights into major cultural events and 
social patterns that are not available elsewhere. This paper has examined shared rock art imagery of 
the San Juan and middle Little Colorado River regions estimated to date between 1000 and 500 B. C. 
to A.D. 1400. Imagery associated with the Anasazi-Western Pueblo tradition has been related to 
cultural dynamics involving the rise and ethnicity ofBasketmaker II culture; late Pueblo II-Pueblo ill 
expansion and settlement growth, and cotton production; conflict and final abandonment of the San 
Juan region; and population aggregation and the rise of the katsina cult during the Pueblo ill-Pueblo 
IV period 

Links between peoples of the study regions appear to have been established at the beginning of the 
Anasazi-Westem Pueblo traditio~ during the Archaic-Basketmaker II period Immigrants from San 
Pedro Cochise culture, probably bringing com agriculture, encountered indigenous Great 
Basin-Colorado Plateau peoples and shared their widespread symbolic system. A system of 
anthropomorphic representation and associated ceremonial practices may have integrated two ethnic 
groups much as the use of geometric images and katsina iconography served to integrate aggregated 
populations and define the social, religious, and economic roles oflate Pueblo II, Pueblo III, and Pueblo 
Npeoples. 

Despite strong evidence of conflict during the Pueblo ill period and final abandonment of the San 
Juan regio~ it is suggested that a pattern of social integration by ceremonial sharing established at the 
beginning of the Anasazi-Westem Pueblo tradition survived into the historic period. Its survival is 
supported by the practice of katsina religion and related ceremonial and social traditions among the 
Hopi and Zuni of the Little Colorado River region. 





Chapter Eight 

PREHISTORIC SUBSISTENCE AND SURVIVAL AT 
PETRIFIED FOREST, ARIZONA 

Anne Trinkle Jones 
W estem Archeological and Conservation Center 

National Park Service, Tucson, Arizona 

Introduction 

In spite of criticisms, the link between population growth and agricultural intensification 
postulated by Boserup ( 1965) has provided a useful avenue of inquity for archeologists and 
anthropologists alike (Grigg 1979; Netting 1987; Turner et al. 1977). In the Petrified Forest region of 
northern Arizona, agriculture has a long history. Tagg (1987) confirmed the presence of maize 
cultigens around 150 B.C. at a Late Archaic campsite. Cultivation was practiced by at least AD. 200 
(Burton 1991). Soil and water control features at two archaeological sites dating to AD. 500 and AD. 
1000 provide additional direct evidence of agriculture (Jones 1987; Wendorf 1953). However, the sheer 
numbers of masonry rums· (Figure 8.1 ), most constructed some time after the beginning of the second 
millenni~ are the remains that give one cause to examine how people subsisted for hundreds of years 
on the broken landscape of the Painted Desert. In this paper, the relationships between the spread and 
organization of agricultural production throughout Petrified Forest National Park and postulated 
population and settlement location changes are examined. Briefly, as population increased, one would: 
a) expect expansion into areas more marginal for agriculture, and b) subsequent agricultural 
intensification Soil and hydrologic data from central Apache County are used to evaluate agricultural 
productivity. Archaeological survey data collected between 1978 and 1988 from the park are used to 
evaluate broad settlement trends. Finally, the results are evaluated in regards to social strategies used 
to insure survival in the unpredictable environment of the Painted Desert. 

Environmental Setting 

A brief description of environmental factors in addition to soils and hydrology follows. Petrified 
Forest National Park is part of the Colorado Plateaus, a series of elevated plains dissected by dry 
washes and canyons. At an average elevation of about 1,645 m (5,400 feet), the park is slightly lower 
than the surrounding terrain, where the relief varies between 1,676 m (5,500 feet) and 1,830 m (6,000 
feet) (Green and Sellers 1974:340). 

The main drainage in the park is the Puerco River (see Figure 8.1), which flows into the Little 
Colorado River 30 km west at Holbrook, Arizona. The park is divided by the Puerco River into two 
sections. The southern section has small areas of badlands and is characterized by grassy plains and 
mesas dissected by washes. Most of the spectacular petrified wood deposits outcrop there. In the 
northern sectio~ distinctive multicolored badlands known as the Painted Desert, are eroding into the 
edges of broad, rolling, and grassy mesas. 

141 
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Figure 8.1 Distribution of sites recorded between 1978 and 1988 (adapted from Wells 
1989:Figure 5.2) 
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There are three plant comrmmities in the park On the basis of natural color aerial photographs and 
field inspection, Miller (1976) classified the vegetation into the computer-compatible Poulton system. 
Much of the park was designated as barren lan<L which supports less than 5 percent vegetative growth. 
Major natural vegetation classes (as opposed to those altered by man) are: 1) herbaceous, 2) shrub
scrub, and 3) riparian or floodplain associations. The herbaceous community includes tall grass 
prairies, short grass prairies, desert grasslands, palouse grasslands, bunch grass, and steppe grasslands. 
Shrub-scrub includes halophytic communities dominated by saltbush, greasewoo<L and winterfat, and 
other communities dominated by sage, snakeweed, cliffrose, and other shrubs. Also included is juniper 
woodlan<L which occurs on volcanic mesa tops and rims around the Painted Desert. Pinyon occurs 
along with juniper only on Chinde Mesa on the northern boundary of the park. Riparian or floodplain 
associations are characterized by cottonwoods and tamarisks or by small salt grasses. 

The principal rock formation exposed in the park is the Petrified Forest member of the Chinle 
Formation. The rock unit is composed of reddish-brown to bluish mudstone, siltstone, and sandstone 
lenses deposited during Triassic times, about 200 million years ago. The undisturbed deposits are over 
335 m (1,100 feet) thick, but differential erosion of the various layers accounts for the park's 
topography and exposure of the famous petrified wood beds. Harder sandstones cap the mesas and form 
cliffs; many rock art sites are located there. Erosion of softer mud- and siltstones produces the 
spectacular banded slopes and badlands capped with petrified trees, which were the sources of lithic 
raw material for thousands of years. 

Soils 
Many areas are covered by an uneven sand mantle with occasional ''blowouts" and eroded gullies. 

Higher knolls appear to be stabilized dunes, interspersed with a sandy desert pavement of small chert 
cobbles resulting from deflation. The fossiliferous cobbles were redeposited from Permian age 
sediments and make up about 10 percent of the raw material for flaked stone tools (Jones 1983:Table 
3). Wendorf(1953:13) found the alluvial soils derived from the Chinle formation to be alkaline clays, 
generally WlSUitable for agriculture or pottery production. More recent soils data from Apache County 
(Miller and Larsen 1975) contradict this conclusion and allow reconsideration of agricultural 
production throughout the park during prehistoric times. 

Soils present at Petrified Forest are summarized with particular emphasis on attributes that pertain 
to cultivation (Table 8.1 ). The work by Miller and Larsen (1975) is representative of others completed 
by the Soil Conservation Service. Soils are classified into Capability Classes I through VIII and are 
rated in terms of current and potential uses. That is, soils rated high in terms of agricultural potential 
are suitable for mechanized cultivation of field crops. Class I soils have the potential for greatest use 
and the fewest limitations. All of the soils at Petrified Forest are rated Class VI or above, and the 
common badlands soil, rated Class VIIL is, in fact, not a soil at all. Subclasses are designated with 
lower case letters denoting the main risks for farming the soils, either "e" for erosion potential; "s" for 
shallow, droughty, saline or stony soil; or "c" for climate that is too dry or too cold For nine out of 14 
soils at Petrified Forest, the major risk is listed as erosion. In the 1950s, Dr. Edwin Colbert, Museum 
of Northern Arizo~ conducted an experiment during which he staked a number of areas with different 
slopes. He recorded an average annual erosion rate of 64 mm on steep slopes and 32 
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Table 8.1 ( ~. 
Soils represented at petrified forest sites and their characteristics ( data summarized from Miller and 

Larsen 1975}. 
SOIL TYPE Capability Effective Runoff Erosion Permeability Available Water 

Group* Root Depth Hazard Capacity 

Loamy Sands: 

CTB Vle-1 >l.5m Slow Slight Moderate Moderate 

CLB Vls-1 >l.5m Slow Slight Moderate Moderate 

SMB VIIe-1 >l.5m Slow Slight Rapid Low 

PSB Vle-1 >l.5m Slow Slight Moderate Moderate 

Sandy Loams: 

FRB# Vie-I >l.5m Medium Moderate Mod. Rapid Moderate 

Clay Loams: 

JS Vle-1 >l.5m Medium Moderate Mod. Slow High 

JR# Vle-1 >l.5m Medium Moderate Mod. Slow High 

Tct Vlc-1 >l.Sm Slow Slight Mod. Slow High 

Clays: 

CDB Vle-1 <0.Sm Rapid Moderate Very Slow Low 

NC# Vls-1 >l.5m Slow Slight Very Slow High 

Other: 

Ss. Rock Land VIIs-1 <0.5m Medium Moderate ? ? 

Stony Rock Land VIIs-1 <0.4m Medium Moderate ? Low 

Rough Broken Land VIIe-1 ? Rapid Very High ? ? 

Badlands VIiie-} 0.Om Rapid High ? ? 
# Currently Farmed. 
* Capability Classes (I to VII): degree of limitation where Class VIlI soils have greatest limitations. Capability Subclasses: type 
of limitation. where e = erosions; s = soil (shadow, droughty, saline, or stony); or c = climate (too dry). The Arabic numeral 
denotes the specific Capability unit within each subclass. 

mm on gentler slopes. This condition was obvious during survey; sheet was~ gullying, and mqvement 
of dlllles were so ubiquitous that changes in site features and dune shapes were visible annually, a rapid 
process in geologic terms. 

In general, the park soils are a complex patchwork with low agricultural potential (Figure 8.2). 
Archaeological sites occur on 14 different soils (see Table 8.1). Flatter areas of slow-draining clays 
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Figure 8.2 Soils map, Petrified Forest National Park (compiled by Carl Bowman from Miller 
and Larsen 1975). Loamy sands seem to be under-represented on this version. 
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are found in the river and wash bottoms. Clay loams occur in higher flatter areas and basins,~and the 
remainder of the uplands and slopes are about evenly divided between sandy loams and loamy sands. 

Hydrology 
All streams in the park, including the Puerco River, are intermittent, flowing only after heavy rains. 

No springs are flowing at present either. In the region, these occur most frequently at the contact 
between a permeable sandstone and an impermeable clay stratum below it The locations of springs 
and seeps are often controlled by irregularities in the surface of the underlying impervious stratum and 
by the general dip of the aquifer. In this vicinity, the dip of sandstone strata is to the northeast. This in 
large measure explains areas of greener, denser shrubs and one tinaja at the base of northeast-facing 
slopes of the Newspaper Sandstone in the vicinity of Puerco Ruin, and the Sonsela Sandstone near 
Agate Bridge about 8. 8 km ( 5 .5 mi) south. These are two of the numerous sandstone units in the Chinle 
Formation that range in thickness only between 6 m and 46 m. 

Two springs, Zuni Well on Lithodendron Wash and Agate Bridge, were active as recently as the 
1940s (Wendorf 1953). In the winter and summer of 1989, prior to summer rains, a seep was visible 
on the north tip of the sandstone mesa upon which Puerco Ruin sits (Burton 1990:5) where the mesa 
juts north into the Puerco River bottom. 

A spring at the base of Black Knoll, a volcanic cone-several kilometers east of the park, is at the 
contact of volcanics with underlying Chinle clays (Harrell and Eckel 1939:70). This has a small 
catchment area and indicates that, at one time, springs may have been active at the base of the 
Bidahochi volcanics along the more extensive Painted Desert rim in the north part of the park. Modem 
wells in the area, some as shallow as 3 m, are dug into alluvium of Quaternary age (Akers 1964:70). 
Surely this depth would not be prohibitive to prehistoric inhabitants of the area, and under slightly 
moister conditions, the water table in those areas would approach the surface. 

Stratigraphic writ correlates with water quality. Water from the Chinle Formation is of poor quality 
in comparison to that from strata both above and below. The yields are likely to be small and of poor 
quality (Harrell and Eckel 1939:65). The water is high in dissolved solids and salty, mostly calcium and 
magnesium bicarbonates, and little sodium chloride (Harrell and Eckel 1939:47). 

By current standards, the NPS well in the Puerco River bed is considered unfit to drink. However:, 
some residents of the Navajo Nation north of the park use domestic water supplies containing higher 
concentrations of solubles than the limits recommended by the U.S. Public Health Service (Akers 
1964:60). During prehistory, it may have been that available water was acceptable water. 

Climate 
The present climate at the park is windy and arid The Mogollon Plateau to the south creates a rain 

shadow effect, so that annual precipitation is only 22 cm (8.64 inches). Most precipitation falls in July, 
August and September:, and less than half falls as snow. 

Temperatures are those of the high desert. Winter temperatures are normally between -7 ° and +9 ° 
C. Swnmer temperatures have never exceeded 4<r C ( 104° F) (Green and Sellers 1974 :370) and usually 
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vary from 15° C to 35° C. 

The average length of the growing season is 120 to 150 days (Miller and Larsen 1975:69), more 
than long enough for maize cultivation Varieties of com presently grown by the Hopi mature between 
100 and 130 days (Hack 1942:20). However, incessant driving winds from the southwest in the spring 
may have been a problem for young seedlings. 

The suitability of the Petrified Forest region for prehistoric habitation, particularly for agriculture, 
should not be discussed only in terms of present-day environmental variables. There obviously are 
problems with assuming that the climate was similar during times of prehistoric occupation. The 
amount of precipitation and the rainfall patterns are known to be highly variable, causing subsequent 
changes in vegetation and soil deposition. The demise of springs at Agate Bridge and Zuni Well since 
the 1940s and the invasion of pinyon and juniper into former range grassland (Stewart 1980:6) are good 
examples of modem environmental flux in the park. Dean and others ( 1985) devised a climatic 
chronology for the Colorado Plateaus using archaeological, geological, palynological and 
dendrochronological data Stress epochs were characterized by low effective moisture or high temporal 
variability in effective moisture, depressed water tables and stream entrenchment. Major stress epochs 
(Dean et al. 1985:542-544) correlate well with periods oflow site density in the park. For example, 
stress epochs occurred at 1) AD. 200 to 375, 2) AD. 750 to 900 (Pueblo I period), and 3) AD. 1275 
to 1475. Very few sites in the park were occupied until after the first epoch, and two that were, Sivu'ovi 
and Flattops, have been radiocarbon-dated between AD. 1 to 200 (Burton 1991: 104). The stress epoch 
from AD. 750 to 900 may account for the drastic reduction in use during the Pueblo I period of the 
many multicomponent sites that have strong Late Basketmaker III and Pueblo Il/Pueblo ill components. 
The park was virtually abandoned during the third epoch. 

In summary, during the times that most sites in Petrified Forest were occupied, roughly between 
AD. 950 and 1300, effective moisture seems to have been substantially higher than today. Springs 
found at the base of the sandstone outcrops, such as at Agate Bridge, probably were flowing in 
sufficient volume for domestic uses. Rainfall and runoff probably were adequate for agriculture. 

Background on Prehistoric Agriculture at Petrified Forest 

Background on agricultural strategies, agricultural potential, and settlement patterns is necessary 
prior to evaluation of the archaeological data. Briefly, diversification of agricultural practices and field 
locations, such as practiced by the historic Hopi and Zuni, is assumed. After initial experimentation by 
earlier horticulturalists to locate the richer loam soils, one assumes that those more productive soils 
were preferred and fully cultivated prior to the sands and other soils. Therefore, only as population 
increased did the less productive soils come under cultivation. 

Agricultural Strategies Based on Regional Ethnography 
Petrified Forest National Park is located approximately half way between the Hopi and Zuni areas. 

A review of the literature on Hopi (Hack 1942; Maitland 1971) and Zuni (Woodbury 1970; Kintigh 
1984) agriculture suggests the wide variety of non-mechanized agriculture practiced successfully in the 
region The Hopi seemed to have ''hedged their bets" on successful cropping by planting a wide variety 
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of plots at various topographic locations. The most common types are akchin fields at the mouths of 
arroyos, and dune and seepage fields in locations where a clay substrate or water source prevents the 
wicking of moisture to depths unreachable by the roots of cultigens. Other Hopi field types along arroyo 
and river bottoms and on terraces are more common at Zuni. Kintigh (1984:226) presents 
circumstantial evidence for irrigated fields at Zuni. 

Given the landscape and soils at Petrified Forest, fields of the akchin type may have been possible 
only in limited areas. More likely, dune farming in the broad, undulating sand and loam sheets 
throughout the park, and in small, sandy areas at the base of sandstone strata, where seepage was 
possible, would be successful in wet years. The farming of terraces and arroyo bottoms would succeed 
in drier years. Since annual moisture in specific areas would have been unpredictable at Petrified Forest 
in prehistoric times, as it was throughout the Southwest (Dean and others 1985), it is likely the early 
inhabitants utilized multiple strategies much as the Hopi do today. 

Agricultural Potential 
According to available data (Miller and Larsen 1975), current rainfall is not adequate for 

cultivation of the soils at Petrified Forest. However, direct evidence of agriculture ( com and bean 
macrofossils, pollen of domesticates, and soil and water control features) and indirect evidence in the 
form of growing site densities throughout the prehistoric occupation, confirm that horticulture was 
possible. The key to deciphering this prehistoric subsistence behavior lies not only in differences in 
methods of cultivation and seed stocks, as discussed above, but in the conscious selection of the 
choicest soils. The Hopi seem to prefer dunes of sand, but these occur under specific circumstances. 
I would like to suggest that all other variables being equal, loams are preferable for cultivation 
Differences in the properties of the textural classes of sands and loams (Brady 
1974:41,62,155,184,608) are summarized below. Sands are very light; while loose, and with good 
aeration and drainage, they may lack the capacity to absorb and hold moisture and nutrients. Generally, 
they are lower in organic matter and nitrogen, probably due to lower moisture and the easier oxidation 
that occms in lighter soils. Water conductivity is higher in sandy soils. For this reason, the Hopi choose 
dune locations where a clay substrate is within several feet of the surface or where dunes are 
consistently moistened by seepage from the base of sandstone aquifers (Hack 1942). Both conditions 
exist at Petrified Forest Cultivation never occurs in areas of deep, active dunes, where the crop roots 
cannot reach a moister substrate. In any case, the planting of seedlings must be timed accurately to 
prevent the need for watering young plants with shallow root systems. Lighter sands are also more 
vulnerable to erosion, a factor of considerable importance on the Colorado Plateaus where the spring 
winds are incessant 

Loams are of much finer texture, with moderate amounts of sand, silt and clay separates. Properties 
of light soils, indicating ease of tillage and cultivation, and of heavy soils are in about equal proportions 
in loams. Heavier soils tend to have poorer drainage (possibly an advantage in arid lands). This results 
in higher organic matter content, especially in the surface horizon. These combinations of physical and 
chemical properties lead me to believe that experienced fanners would opt for planting on loams rather 
than sands. 
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Settlement Predictions 
At Petrified Forest, abundant archaeological site data permit analysis of the organization of 

agricultural production during individual time periods and over a period of hundreds of years. One 
would predict that after a period of experimentatio~ the earliest horticulturalists would utilize the 
better loam soils for farming. Asswning that technology remained constan~ as population increased 
either locally or through additional in-migratio~ a successful strategy would be to expand into areas 
of similar quality, and finally into areas of lower potential. As population and the demand for 
subsistence goods increased through time, use of the best arable soils would intensify, with the 
intention of increasing the overall returns. However, the returns to labor are likely to decrease (Boserup 
1965). In order to minimize travel and transportation costs, habitation sites will be located close to the 
fields (Haggett et al. 1977:199-211). Thus, this work is based on the assumption that analysis of the 
locations of some site types parallels that of cropping locations, even in the absence of direct evidence 
for agriculture at most sites. 

The predictions can be further refined by a consideration of known subsistence pursuits for the 
regional prehistoric Basketmaker and Pueblo peoples. The pioneer Basketmaker groups (AD. 1 to AD. 
800) pursued a generalized economy of hunting, gathering and horticulture; however, extensive work 
at the Flattop and Sivu'ovi village sites indicates that these sites were seasonally occupied during the 
growing season (Burton 1991: 107). I asswned that these earliest farmers may have been experimenting 
with agricultural soils and field locations, thus creating a settlement pattern that correlates little with 
arable soils. Dming Pueblo periods (AD. 800 to AD. 1380), reliance on agriculture increased, although 
never to the exclusion of hunting and gathering, as exhibited by recent work at Puerco Ruin (Burton 
1990). However, large population increases, evident between around AD. 950 and AD. 1200, probably 
necessitated expansion into less suitable soils, and perhaps even some forms of intensificatio~ such 
as the construction of soil and water control features noted in many areas of the Southwest. Should 
these economic measures not suffice to support the populatio~ or should other factors such as climate 
or soil fertility change, social strategies may have been necessary to balance the deficit through 
redistribution or exchange. In light of these assumptions, the following is an analysis of the data 
collected from archaeological surveys at Petrified Forest National Park. 

Archaeological Site Data 

In 1978 miderthe auspices of the NPS Western Archeological and Conservation Center (WACC), 
the modem era of survey began when Hammack (1979) surveyed a one-quarter mile wide corridor of 
the Mainline Road prior to road reconstruction Other large surveys include Tagg's survey of 
alternatives for the park water system (Tagg, Wells and Deal 1987) and a survey of a one-quarter mile 
wide corridor along the 91-mile long park boundary (Jones 1987; Wells 1988, 1989). The park 
superintendent had requested the bomidary survey after an incident where a large site near the boundary 
fence was pothunted. These and several later surveys total 8,547 hectares (33 sq. mi.), a 23 percent 
sample of the park (Figure 8.3). The data set contains 339 sites. 
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Figure 8.3 Territory surveyed at Petrified Forest National Park as of July 1988 (Wells 
1989:Figure 5 .1 ). 
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Survey Methods 
Factors affecting conclusions drawn from survey data include survey universe, 

sampling strategy, unit of analysis (site, component or artifact), and survey intensity (Plog, Plog and 
Wait 1978). The survey universe was arbitrary and restricted by park boundaries, or determined by the 
extent of construction alternatives. In most instances, these approximate natural boundaries; the park 
was established to preserve the best expanses of petrified wood and the colorful badlands (Wells 1989). 
The only area that differs from this natural demarcation is the narrow, 1-mile wide, connecting strip 
across the Puerco River valley between the petrified forests to the south and the Painted Desert to the 
north. There, Pleistocene terraces and mesas form a rich and fairly homogeneous grassland. 

The sampling strategy for the surveys at Petrified Forest was to conduct complete inventories of 
the assigned survey areas. Much has been written about the benefits of probability sampling (Judge 
1981; Mueller 1974; Plog 1976; Redman 1973, 1974). Archaeologists agree that complete or "100 
percent" inventory is preferable whenever possible. Because of the strong preservation ethic of the 
National Park Service, complete inventories often are funded With the exception of the Painted Desert, 
archaeologists surveyed across all landform and vegetative strata within each project area. This resulted 
in a'23 percent non-random sample of the area within the park. In terms of sample unit size and shape, 
archaeologists inventoried three quarter-mile wide transects from north to south (approximately 42 km 
or 26 miles long) and two quarter-mile wide east-west transects along the north and south boundaries 
(19 km or 12 miles maximum length) (see Figure 8.3). 

Survey intensity was relatively constant for all projects. Within the boundaries of the survey areas, 
crew members completely covered the ground on foot in parallel transects. Flagging tape was used to 
mark the edges of transects to ensure that no terrain was overlooked. Because vegetation was low and 
sparse, we assumed that a crew member could clearly see site features and artifact concentrations at 
a distance of about 8 m on each side. :Each day the survey interval of 14 to 25 m between surveyors was 
based on the number of crew members. This varied in the badlands of the Painted Desert, where the 
steep, bald clay hills were nearly impossible to climb in a straight line or otherwise. There, surveyors 
spread out as much as 40 m (Wells 1989:2) and often had to deviate from parallel transects. To 
compensate for this, a geologic map was used to stratify the area, and to assure that all areas of alluvial 
soils were inspected at the same level as in previous surveys. In occasional areas of denser shrubs and 
along rock outcrops where rock art was likely, crews halted for more intensive scrutiny. 

The survey intensity must, of necessity, be determined by the size of the minimum unit of analysis. 
As stated in detail below, the unit for these surveys is the site or component (locus). Even the widest 
intervals used during the modem surveys are felt to be adequate; the average minimum dimension of 
77 sites recorded during 1985 and 1986 (excluding the quarry, AZ Q:1:28) was 34.2 m. 

Because the focus of the modem surveys was solely to complete inventories of physical remains 
that may be impacted by construction or vandalism, few collections were made. Descriptions of all 
ground and flaked stone artifacts were written in the field Archaeologists estimated proportions of 
various ceramic wares, as well as totals for each artifact class. To help judge the density of artifacts on 
each site, cmmts of two 1-by-1 m units were made during smveys beginning in 1985. The units for each 
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scatter were placed judgementally in what appeared to be two spatially discrete, but dense;, areas. 
Collections consisted of diagnostic points and ceramics that could not be identified in the field Those:, 
as well as all grmmd stone and flaked stone retouched pieces, were point provenienced on scale maps 
of each site and/or locus. 

Both archaeological sites and isolated finds were units of analysis. The working definition of 
archaeological site in large measure affects the outcome, that is:, the types of resources that are recorded 
during survey. This in tum biases the interpretations made during final analysis and report writing. 
Many classic examples in the Southwest involve instances where pre-ceramic sites were "missed" 
during survey because of undue emphasis on locating architectural sites. Some archaeologists ( see 
Goodyear 1975; Thomas 1975) have even recommended dropping the site as the operative unit of 
analysis and adopting a non-site perspective. In this latter case, the artifact is the basic unit that is 
recorded. At Petrified Forest, smvey strategies require collection of data pertaining to both site and non
site phenomena. 

Sites were defined as those areas with definite features, such as rubble mounds, hearths or slab
lined features, or with more than about 75 artifacts. Isolated finds were most often an individual 
isolated artifact, but could be clusters of up to 75 artifacts. Isolated features such as small, amorphous 
slab spall clusters (without artifacts) were recorded as isolated finds. Although it might seem that these 
definitions would be easy to operationalize, during the first weeks of survey, it was noted that isolated 
artifacts and small clusters of artifacts were ubiquitous throughout the park. Extensive erosional 
channels in most areas of the park, such as along the numerous badlands scarps:, had displaced artifacts 
as much as 400 m downslope from original proveniences on sites. Individually recording each artifact 
or cluster would have been prohibitive. Thus, isolated artifacts, other than projectile points, were not 
individually recorded or plotted, but instead were noted in survey logs. At the other extreme, vast areas 
of the park are characterized by petrified wood outcrops surrounded by hundreds of thousands of flakes 
and much debitage. Three lithic quarries were recorded (Hammack 1979; Jones 1987). The sites had 
few diagnostic artifacts and correspond more or less to the geologic units containing petrified wood 
Survey methods need to be devised for this type of site as a class. Thus, no further recording of quarries, 
other than marking the boundaries of high density areas on field maps, was attempted. 

Nine major site types were defined: lithic scatter, sherd scatter, artifact scatter, rockshelter, 
agricultmal feature, masonry rooID:, multiroom masonry, pithouse:, and rock art ( cf Jones 1987:61-96). 
The greatest problem encountered in the field was differentiating among the sites with structural 
remains. Because of significant erosion and both alluvial and eolian deposition at Petrified Forest, it 
often was difficult to discern the type of construction or to accurately detennine room count. Structures 
were usually mounded or covered with dunes. Rarely were wall outlines or alignments visible, and it 
was difficult to determine the number of room blocks or total rooms. Due to this problem, the large 
class "multiroom masonry site" was not subdivided If possible, room counts were estimated only as 
a rough indicator of structure size and to allow later examination of possible functional differences 
between sites and structures:, such as those described throughout Southwest literature. Single masonry 
rooms elsewhere in the Southwest have been called field houses (Pilles 1978), although as defined here, 
the type does not include structures with two to four rooms. Pithouse structures were differentiated 
from coursed masonry architecture on the basis of construction material and soil. Even where upright 
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slabs were not visible due to erosio~ very~ tabular slabs, shaped carefully on all edges were found, 
often in conjunction with circular stains in the soil. Rectangular pueblos were constructed from chunks 
of petrified wood, or from crudely shaped blocks of sandstone. Admittedly, the ceramic assemblage 
was used to define site type if these criteria were not definitive. That is, sites with assemblages 
consisting of brownwares (such as Adamana Brown or Woodruff Brown) and others, including some 
decorated types, such as Lino Black-on-gray or White Mound Black-on-white, are demonstrably earlier 
than those with assemblages predominated by white and red wares and polychromes. 

Ceramic cross-dating was the primary means of determining occupation dates for sites. Colton's 
typology (1956; Breternitz 1966; Carlson 1970) and some design attnbute analysis for Cibola White 
Ware (Sullivan 1984) were used Wells (1988) ably diagrammed the range of ceramics types, ceramic 
horizons and dates used for recent surveys in the park (Figure 8.4). Jones (1986, 1987) shifted the dates 
for the standard Pecos Classification (see Figure 8.4) to correlate with the local ceramic typology. More 
extensive treatment of ceramics and of supporting chronometric dates from early periods (Burton 1991, 
1993a, 1993b) and the terminal Pueblo IV period is in progress (Burton 1990). 

Chronological Grouping of Sites 
The sites under examination were grouped into two broad chronological periods: 1) those who 

lived during the Baskettnaker periods and 2) Pueblo period farmers. The expected differences between 
subsistence economies then were examined One operational problem with this approach is that the 
earlier time period spans 800 years (AD. 1-800 ), whereas the later period spans 650 (AD. 800-1450). 
With such gross chronological control, much variation is obscured. However, a preliminary 
examination of the distribution of site types for the Pueblo II and Pueblo III periods (Table 8.2), the two 
periods of greatest occupatio~ reveals that most sites are either artifact scatters, masonry rooms, or 
multiroom masonry structures. During the earlier period, the sites are about evenly distributed between 
the three types. The Pueblo III Period has a much higher percentage of artifact scatters than single 
masonry room sites. This difference may be more apparent than real. Thorough surface inspection of 
a nmnber of the scatters in recent years has revealed concentrations of slab spa.Us and burned daub with 
lashed stick impressions indicating that these may be sites with jacal field houses. These most often 
occur in areas where sandstone building material is unavailable. If one accepts these remains as 
equivalent to the single masonry rooms, the proportions of site types for the two periods appear 
essentially the same. 

Although one cannot always equate site morphology with site functio~ I believe in this case, 
archaeological evidence points to little change in the basic subsistence economy between the Pueblo 
II and Pueblo III periods. The aggregation of populations into large sites throughout the Southwest 
during the Pueblo III period does not appear to have occurred at Petrified Forest until the close of that 
period, around AD. 1250 when Puerco Ruin and nearby Wallace Tank Ruin were constructed. 

Results of Analysis 
For the following analyses and tables, 13 Historic period sites were eliminated Of the prehistoric 

sites, one small site outside the park and all rock art sites were excluded. Rock art sites are considered 
a special case which, due to the relatively large sample, might skew any analysis of sites in relation to 
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Table 8.2 
Distribution of site types for the Pueblo II and Pueblo ID periods. 
SITE TYPE PERIOD OF OCCUPATION TOTALS 

PII Pm 

Lithic Scatter 1/2% 1/ 1% 

Sherd Scatter 1/2% 1/ 1% 

Rockshelter 1/ 1% 111% 

Agricultural 1/1% 111% 

Artifact Scatter 41/26% 16/ 40% 57/29% 

Masonry Room 44/28% 6/ 15% 50/25% 

Multiroom Masonry 44/28% 12130% 56/28% 

Pithouse 7/4% 1/2% 8/4% 

Rock Art 17/ 11% 3/8% 20/ 10% 

TOTALS 155/ 100% 40/ 100% 195/ 100% 

arable lands. Wallace Tank Ruin, also known as Stone Axe Ruin (but bulldozed in modem memory 
into a tank), lies just outside park brnmdaries, and is one of only two major sites occupied in the region 
during Pueblo IV times. Because of the extremely small sample size for this period, this site was 
retained in the data set. Of the 325 sites that remained from the analysis of site types, only 265 are in 
Apache County for which soils data are available. The remainder of the analyses will consider only 
those 265 sites. 

Examination of the distribution of single versus multiroom masonry sites for the same time period 
may reflect differences in field house locations versus those for more permanent occupation sites. One 
would expect field houses to be located especially in relation to arable soils. Multiroom sites would 
need reliable sources of domestic water and building stone, and may be located to take advantage of 
other natural and social resources as well. For the Pueblo period sites (Table 8.3), this does not appear 
to be the case. Sites are almost invariably located on either the Clovis-Palma Association (CTB) or 
Jocity-Claysprings Complex (JS). This indicates little difference between the two site types with regard 
to site location factors. On the basis of site morphology, it also may indicate little functional difference. 
Ind~ most of the multiroom sites at Petrified Forest do not exceed five or six rooms, and some may 
be a series (possibly a sequence) of field houses with individual trash areas (Jones 1986). The high 
number of multiroom sites with discontiguous structures may support this. An alternative explanation 
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Table 8.3 i ~-
Soil distribution for Pueblo period single room and multiroom sites 

{soils from Mr. Miller and Mr. Larsen 1975}. 
SOIL TYPE SITE TYPE TOTALS 

Masonry Rooms Multiroom 

Loamy Sands: 

cm IO 12 22 

CIB 7 7 14 

SJvffi 0 1 1 

PSB 0 1 1 

Sandy Loams: 

FRB# 5 3 8 

Oay Loams: 

JS 13 9 21 

JR 4 3 7 

TO 0 0 0 

Clays: 

CDB 1 I 2 

NC 0 0 0 

Other: 

Ss. Rock Land 1 2 3 

Stony Rock Land 0 0 0 

Rough Broken Land 1 2 3 

Badlands 2 3 5 

TOTALS 44 44 88 
N01E: Currently, farming occurs only on the loams and clays in the broader, flatter 

bottomlands. 

that Jones (1987) and Wells (1989) noted for the Pueblo periods was a settlement pattern that 
developed at least along the Painted Desert rim in the northern grasslands where multiroom sites were 
spatially dispersed with field houses arranged in satellite fashion around them. Additional work for this 
study shows those sites to date only to the Pueblo ID Peri~ thus, there may actually be some change 
in the organization of agricultural sites during this period. 
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The most obvious pattern evident in the data presented above lies in the increasing use of more 
marginal soils as the population increased. Table 8.4 shows the proportions ofBasketmaker and Pueblo 
sites on the most economic soils, the loams and sands. Basketmaker sites are more evenly distributed 
on the loams. Pueblo sites are distributed across all the soils, but show nearly twice the 

Table 8.4 
Soil distribution for Basketmaker versus Pueblo period sites. (Rock art sites 

exclud~ soils from Mr. Miller and Mr. Larsen 1975.} 

SOILTYPE PERIOD OF OCCUPATION TOTALS 

Basketmaker Pueblo 

Sands: 

CTB 9/22% 54/ 38% 63/ 34% 

CLB 3/7% 25/ 17% 28/ 15% 

SMB 1/ 1% 1/ 1% 

PSB 3/2% 3/2% 

Sandstone Rock Land 4/9% 9/6% 13/7% 

Loams: 

FRB 6/ 15% 9/6% 15/8% 

JS . 11/ 27% 30/ 21% 41/22% 

JR 6/ 15% 13/9% 19/ 10% 

TO 2/5% 2/ 1% 

TOTALS 41/ 100% 144/ 100% 185/ 100% 

proportion of sites on the Clovis-La Palma Association (CTB) sands. A cursory examination of 
multicomponent sites (n=25) shows them to be evenly distnbuted between sands (40 percent) and 
loams ( 48 percent), however, nine (36 percent) of those fall in the Jocity Sandy Loams (JS) soils, 
originally pioneered by the Basketmakers and still farmed tcxiay in adjacent areas with more permanent 
water sources. 

For ease of analysis, the various soils were combined into the more general groups: sands, loams, 
clays and other (Table 8.5). Soil classes for all sites through time do provide evidence that early 
horticulturalists, both Basketmakers and early Pueblo peoples, in the park gravitated to the loams, the 
soils predicted to be best for cropping. Nearly two-thirds of those sites are located on the loams. 
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Table 8.5 
Soil classes for all site types through time {rock art sites excluded} 

PERIOD OF OCCUPATION 
SOIL TOTALS 

Archaic Basketmaker PI PII Pill PIV 

Sands 3/ 505% 16/35% 5/36% 65/54% 22/79% 111/ 52% 

Loams 25/54% 9/65% 39/32% 2/7%, 21100%, 77/35% 

Clays 3/7% 5/4% 1/3% 9/4% 

Other 3/ 50%, 2/4% 12/ 100/4 3/11% 20/9% 

TOTALS 6/100% 46/ 100%, 14/100% 121/ 1000/o 281100% 2/ 100% 217/ 100% 

However, during Pueblo IL the period of greatest site density, nearly half of the sites are located in the 
sands, and sites are more frequently located in areas where soils form in very small pockets, such as 
the only site with visible agricultural features. The site is located in an area of broken sandstone 
outcrops, in a small valley filled with sandy alluvium, across which were built more than 20 
checkdams. Site locations in the mid- to late Pueblo ill period show even greater disparity with nearly 
80 percent fmmd in areas of sand dtmes. The question becomes one of why soils expected to be higher 
quality for horticulture were being abandoned The strategy evidently was not a successful one in the 
long run; by the Pueblo IV period, after about AD. 1250, only two sites are founded (see Table 8.5), 
and all others except Puerco Ruin are abandoned The two sites are again located in loams, and Puerco 
Ruin, situated on sandstone rock land, overlooks the alluvial clay bottoms of the Puerco River. 

Conclusions 

My expectations for the distribution of sites with regard to arable land were only partially met. 
First, in spite of being the earliest horticulturalists in the vicinity, the Basketmaker population seemed 
not to be experimenting to find the better soils. Judging by the locations of their settlements, they 
seemed to "know'' which soils were richer and more easily cultivated Agriculture in the Southwest was 
fairly widespread by about 1000 B.C. (Wills 1988). The com from the Late Archaic campsite in the 
park places knowledge of those techniques, if not of actual fanning, in the vicinity by 150 B.C. 
Evidently, the earliest fanners in the Petrified Forest showed unexpected sophistication in these 
techniques, and no longer needed to experiment with soils. Site locations and density changed little 
dwing the early Pueblo I period No single component Pueblo I sites are found in the park, but all of 
the components are areas of arable soil, perhaps reflecting increasing reliance on cropping, rather than 
on the generaliz.ed hunting, gathering and farming of the Basketmakers. 

High concentrations of sites that date to the Pueblo II period are located in all surveyed areas 
(Figure 8.5). However, it appears that sand dune farming of the type still practiced by the Hopi today 
(Maitland 1971; Hack 1942) became important for the first time. This was refined during the Pueblo 
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III Period Sites originally occupied in earlier periods were occupied at least into early Pueblo ill, but 
then appear to have thinned considerably. The Painted Desert rim was settled for the first time, and it 
was here that we noted the multiroom structures with their satellite field houses. That pattern is 
nowhere, and for no other time period, so evident. The rim was the "last frontier" for what appears to 
be a long standing agricultural strategy, in some respects related to extensive shifting cultivation still 
practiced in some regions of the world (Geertz 1963; Harris 1971). The abandonment of most other 
areas indicates that the fragile arid land soils may have been depleted ( or deflated) due to their use over 
hundreds of years. This was the proverbial "end of the line" with regard to population growth and 
expansionist agriculture that also coincided with the climatic stress epoch from AD. 1275 to AD. 1475 
(Dean et al. 1985). 

Depopulation of the area occurred, but around A D. 1250, some people aggregated into the two 
large pueblos at Puerco Ruin and Wallace Tank. These people may have ably overcome the problem 
of obtaining subsistence in several ways. Possibly, and this is pure conjecture, the relocation of these 
sites back to the loams, specifically down to river bottoms, may indicate that the classic Boserupian 
response was triggered, and that more labor intensive farming techniques, to rejuvenate the depleted 
and deflated soils, were used. One of these, irrigation, may have been possible at Puerco Ruin. Puerco 
is at the confluence of the Puerco River and two major tributaries, Dead Wash and Nine-Mile Wash. 
In addition, the bedrock mesa upon which Puerco sits, constricts the river causing water to flow closer 
to the surface. Possibly some irrigation ditches could have been drawn off into the bottomlands west 
of the mesa, as has been postulated for the Zuni during this late prehistoric period (Kintigh 1984). Of 
16 sites in the park where small numbers of Pueblo IV sherds are found, six are within a one-mile 
radius of Puerco Ruin, and one is less that a mile from Wallace Tank (Wells 1989:79). No doubt the 
permanent water sources at the two large pueblos were of critical importance. However, many of the 
other sites appear to have been field houses. This indicates intensive use of nearby areas. 

Netting ( 1987) estimates an average population density of more than 150 per sq. mi. for a nwnber 
of areas worldwide with intensive subsistence agriculture. Average site density of the Petrified Forest 
data set is 10 sites per sq. mi. Even had all sites been occupied contemporaneously at Petrified Forest 
( and that is highly unlikely}, the maximum site density ( on the grassy Pleistocene terraces north of the 
Puerco River) is only 32 sites per sq. mi. At five people per site, this only gives a maximum population 
of 160 people per sq. mi, barely reaching this threshold However, the fragile nature of the soils, the 
prolonged use of extensive farming techniques, and a slight change in the climatic regime may have 
necessitated intensification or some other drastic change in coping mechanisms. 

To this point, this paper has dealt with the organization of agricultural production at Petrified Forest 
in exclusively adaptationist terms, in the prediction for the placement of prehistoric sites on the basis 
of subsistence economy and the prerequisite environmental factors, particularly soils and hydrology. 
Around AD. 1100, towards the close of the Pueblo Il period when most arable lands were occupied 
and some were abandoned due to soil nutrient depletion and erosion, social strategies probably were 
increasingly needed to compensate for subsistence shortfalls and climatic variability. The construction 
at Petrified Forest of a great kiva precisely at this time (AD. 1000 to AD. 1200 [Burton 1993b:96]), 
at a site that seems to emulate (Renfrew 1986) the great houses of the Chaco Anasazi far to the 
northeast, may indicate the shape these strategies took. Given evidence for continuous occupation of 
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the park during the Pueblo ill and into the Pueblo IV periods when the population finally aggregated 

into two large pueblos, the strategies for social control developed during use of the great kiva may have 

continued as control passed to these later sites, e.g. Puerco Ruin occupied from AD. 1250 to AD. 1380 

(Burton 1990:315-328). To what did those sites owe their prominence? The sheer variety of ceramics 

from all points of the compass within a radius of hundreds of miles suggests that exchange may have 

been the mechanism. The availability of huge quantities of the lithic raw material, petrified wood, and 

the extensive evidence of quarrying at outcrops, and oflithic reduction at Puerco Ruin (Burton 1990) 

and the great kiva site (Burton 1993b; Jones 1986) may provide the key item in the balance of trade 

necessary to maintain the network even through years of food surplus. 

In summary, horticultural techniques arrived at Petrified Forest already highly refined Before AD. 

200, Basketmaker sites appear to be located almost exclusively in areas of the best arable soils. 

Population increase resulted in an extensive form of shifting agriculture that allowed expansion into 

most areas of the park, and in the development of dune farming techniques still employed in the Hopi 

region today. Used on the fragile, sandy soils at Petrified Forest, this probably resulted in soil erosion 

and depletion by about AD. 1100. Only one undeveloped area remained, and presumably expansion 

along the Painted Desert rim was not enough to support the larger populations. Social strategies for 

compensating for deficiencies, for example, trade and exchange, signified by the construction of a great 

kiva, became important. This trend continues with the erection of the two large late pueblos in the 

vicinity around AD. 1250. The location of the large pueblos indicates that more labor intensive 

methods of cultivation also may have been used. 

Without knowing the use-life of earlier sites, it is difficult to construct a population estimate, but 

likely the two late pueblos could not have sheltered all descendants of the earlier agriculturalists. 

Emigration by some may have been an additional response to resource pressure. The drastic drop in 

the numbers of sites inhabited during this late period, at a time when huge expanses of the Southwest 

were being abandoned, supports this premise. Thus, certain combinations of ecological factors were 

necessary for initial settlement. However, they are not sufficient to explain diachronic changes in site 

location, site density, or production methods or to explain the increasing importance of social strategies 

for survival in the harsh, sweeping expanses of the Petrified Forest. 
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Chapter Nine 

ARCHAEOBOTANY OF THE MIDDLE LITTLE COLORADO 
RIVER 

Karen R. Adams 
Crow Canyon Archaeological Center 

Introduction 

Archaeologists recovered both pollen and larger charred plant parts from ancient sites along the 
middle Little Colorado River, spanning the period from the late Archaic to the fourteenth century AD. 
(Table 9.1 ). The number of sites reported in published and unpublished documents is admittedly small, 
and limited sampling of individual sites requires the caution that the contexts sampled may not fully 
represent each site. Even the most thoroughly documented Homol'ovi II and III puebloan communities 
have plant materials representing a small number of their total room counts. For these reasons, this 
summary will focus on broad chronological patterns of plant use, and is considered subject to future 
refinement Unpublished reports can be accessed via the Homol'ovi Research Program or the Arizona 
State Museum Library, University of Arizona, Tucson. 

When examined together, pollen and macrofossil data provide both complementary and 
independent perspectives on ancient plant use and hwnan alterations of landscapes. Depending on the 
part utilized, its inherent fragility or toughness, location and frequency of use, the choice of preparation 
method, and post-depositional circumstances, one part may be favored in terms of preservation. When 
both data sets are examined together, a more complete picture of past ethnobotanical activities is often 
possible. 

In the text and tables of this report, all charred items recovered from flotation samples and as 
macrofossils are presumed to have burned due to ancient activities. Non-charred remains of 
domesticated plants are also considered representative of ancient economic activities. When taxonomic 
identifications are foiiowed by the word "type", the implications are that they resemble the taxon/taxa 
named, but may also resemble other closely refat .• od ( or at times even unrelated) taxa. This conservative 
approach is used ~"2use of the similarity in appearance of some parts of southwestern plants, 
especially when they have become charred and altered in appeas.~ce. It also expresses a measure of 
caution when modem comparative coilections are not complete enough to provide unqualified, positive 
identifications. 

Reproductive plant parts were identified using regional modem collections. Representative 
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Table 9.1 
~ 
A 

Distribution of macrofossil, flotation and eollen sameles from sites discussed in this chaeter. ~ 
Site Name Period ASMSite Flotation Samples Macrofossils Pollen Samples Authors 

~ 
~ 

Number Number-------Size (liters) No. of lots Number 

Un-named Archaic/ AZ K:13 :60 8 ------ 1 Huckell 1987 

BMII 3 Fish 1987 

HP-36 Archaic/ AZ J:14:36 21 1.4-6.0 57 Adams 1991 ~ 
BM/PI/Pill 1992 

11 Fish 1991b 

Sivu'ovi BM AZ Q:1:114 8 ------ 12 Donaldson 1991 
8 Fish 1991a 

Archer PI-PII AZP:4:22 13 4.0 2 Adams 1994c 
16 Fish 1994 

Homol'ovi II PIV AZ J:14:15 21 ------ 21.8 kg Miksicek l 991 
10 3.25-5.5 Adams 1994b 

19 Fish 1991b 

Homol'ovi III PIV AZ J:14:14 92 ------ Miksicek 1988 
5 2.0-5 .0 Adams 1992 

39 Fish 1989 

Field Houses PN 
HP-31 AZ J:14:31 3 0.3-2.5 4 Adams 1990, Fish 

HP-220 AZ J:14:220 7 0.2-3 .9 8, 1990 

Puerco Ruin PIV AZ Q:1:22 20 ------ 23 9 Donaldson and 
Miksicek 1990 

Fish 1990 
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examples of specimens identified from middle Little Colorado River sites can be seen in Figure 9.1. 
The taxonomic category "cheno-am" requires explanation It is considered by palynologists to represent 
pollen of varied annual and perennial tax.a in the Chenopodiaceae and of the genus Amaranthus in the 
Amaranthaceae. For archaeobotanists studying seeds, "cheno-am" is more limited, referring to 
indistinguishable specimens of Chenopodium (and possibly some species of Atriplex) in the 
Chenopodiaceae, and Amaranthus in the pigweed family. 

Collections of modem wood specimens representing common tree and shrub species in the 
immediate area and upstream provided modem material for comparison to ancient pieces of charcoal. 
Such collections are carbonized and backed by plant voucher specimens deposited in the University 
of Arizona (ARIZ) herbarium. Some examples (Figure 9.2) reveal that anatomical differences in size 
and spacing of rays (the "spokes of the wheel"), along with patterning visible within tree rings, together 
provide the ability to distinguish taxa or small groups of taxa. 

Finally, people living along the middle Little Colorado River in the past may have managed local 
native plants in ways currently unrecognized. Accumulating evidence in the southern Arizona 
Hohokam/Salado culture area suggests that native desert plants such as Agave, little barley grass 
(Hordeum pusillum), cholla (Opuntia) flower buds, cheno-am seeds, and others may represent 
indigenous managed and/or domesticated plants (Bohrer 1991; Fish et al. 1985; Gish 1991). The 
Colorado Plateau groups may have been equally adept at manipulating useful native resources within 
their environment, providing the necessary human selection pressures that might be expressed as 
morphological changes within populations. An effort to accumulate a data base of morphological 
details of some middle Little Colorado River seed and fruit types at a Homol'ovi area site (K Adams 
1992) will contribute to building a data base of descriptive material available on ancient Colorado 
Plateau plant remains (Table 9.2). With the exception of the bugseed (Corispermum) type seeds, which 
seem atypically small in comparison to those of a wild population, there seem to be no differences in 
size of parts between early and late deposits at the site. Elsewhere, researchers have considered increase 
in size as an indicator of domestication. 

A Chronological Summary of the Record 

Late Archaic/Baske1maker II 
AZ K:13:60 (ASA1) 

An unnamed Archaic/Basketmaker II site in Petrified Forest National Park yielded both charred 
macrofossils (Huckell 1987) and economic pollen (Fish 1987). The presence of charred maize kernels 
and cupules indicates agriculture was part of the subsistence system, but absence of maize pollen 
suggested agriculture may not have been of local origin Charred ricegrass (Stipa hymenoides, older 
name = Oi:yzopsis hymenoides) grains, cheno-am seeds, and Juniperus charcoar were also recovered. 
Based on the seasonal availability of resources, occupation probably occurred sometime between mid
summer and early fall (Huckell 1987), although cool-season Stipa grass usually matures grains earlier 
in the growing season The pollen record (Fish 1987) also suggested use of culturally encouraged weeds 
and wild buckwheat (Eriogonum). , ' 
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a b 

C d 

e f 

Figure 9 .1 Diverse seed/fruit types recovered from Middle Little Colorado River sites. (a) 

Modem [upper right] and ancient [lower left] pickleweed (Allenrolfea occidentalis) type seeds 

with C-shaped embryos from the Archer Site, 20X; (b) ancient bugseed ( Corispermum type) 

seeds from Homol' ovi ill, 20X; ( c) an ancient heart-shaped winged pigweed (Sycloloma 

atriplicifolium) type seed from the Archer site, 20X; ( d) an ancient sunflower (Helianthus type) 

achene from the Archer site, 20X; ( e) an ancient bulrush (Scirpus type) achene from the Archer 

site, 32X; and (t) an ancient dropseed (Sporobolus type) grain with relatively large embryo scar 

( facing upper right) from the Archer site, 50X. Specific criteria of indentification for these and 

other parts are available in K. R. Adams 1992, 1994a, and 1994b. 
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a b 
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Figure 9 .2 Modern examples of charcoal types recovered from Middle Little Colorado River 
sites, all at 20X magnification, transverse views. Locally available riparian types include (a) 
pickleweed (Allenrolfea occidentalis ), similar to Sarcobatus, (b) New Mexican privet 
(Forestiera neomexicana), and ( c) cottonwood (Populus fremontii) similar to Salix spp. Nearby 
upland shrubs include ( d) Mormon tea (Ephedra viridis) and ( e) rabbitbrush ( Chiysthomnus 
nauseosus). A more distant wood type that may have been available primarily as driftwood is (f) 
walnut (Juglans major). Specific criteria of identification of wood charcoal is available in K. R. 
Adams 1992, 1994a, and 1994b. 



Table 9.2 
HP-36 and Homol'ovi III seed and fruit measurements, in mm (from Adams 1992). Time periods are Basketmaker III (AD. 650-
850)~ Pueblo III (AD. 1125-1225t and the Pueblo IV Homol'ovi III Founder Phase (AD. 1280-1290). For some taxa, separate ~ 

°" entries for the same time eeriod reeresent distinct excavational eroveniences. Oo 

~ Taxon/Part Site Time No. Length Width* Thickness Diameter 
~ AVG. RANGE AVG. RANGE AVG. RANGE AVG. RANGE 
~ 

Boerhaavii! H-ill Founder 40 2.41 2.3-3.1 0.83 0.5-1.0 ~ 
type seed ~ 
Cheno-am seed HP-36 Bmaker 7 0.7 0.4-1 .3 

HP-36 Pm 3 0.8 0.8-0.8 
HP-36 Founder 2 0.65 0.5-0.8 
H-ill Founder 27 0.7 0.5-1.2 
H-ill Founder 4 0.78 0.7-0.8 
H-ill Founder 3 0.8 0.7-0.9 

Cleome type H-ill Founder 10 2.6 2.3-2.8 2.11 1.8-2.5 1.81 1.5-2.0 
seed 

CQris12ermym HP-36 Bmaker 2 1.25 1.2-1.3 0.85 0.8-0.9 
type seed HP-36 Pm 1 2.0 ----- 1.4 

H-ill Founder 32 2.11 1.5-2.8 1.42 0.9-2.1 

CyclQloma HP-36 Bmaker 9 1.53 1.4-1.6 
type seed H-ill Founder 12 1.58 1.0-1.8 

De~~mri!inii! HP-36 Bmaker 9 0.69 0.5-0.8 0.48 0.4-0.5 
type seed H-ill Founder 1 1.0 ----- 0.5 

Ey12hQrbia HP-36 Pill 1 1.1 ----- 0.5 
type seed H-ID Founder 3 1.13 1.0-1.3 0.53 0.5-0.6 

Go~~miym H-ill Founder 6 6.03 5.8-6.4 3.58 2.9-4.1 
type seed 

H~lianthus/ H-ID Founder 11 4.03 3.0-5.6 1.58 1.1-2.0 
Yigyim type achene 

Malvaceae HP-36 Pill 2 1.3 1.3 1.0 1.0 0.6 0.5-0.7 
type seed HP-36 Pill 1 1.0 0.6 

H-ill Founder 1 0.8 0.6 0.4 .. .,. .... 



Taxon/Part Site Time No. Length Width* Thickness Diamete1· 
AVG. RANGE AVG. RANGE AVG. RANGE AVG. RANGE 

Qmmili\ type H-ill Founder 1 3.8 2.6 1.5 
seed 

~ HP-36 Bmaker 1 1.5 1.3 
h!im~nQig~~ HP-36 Pill 2 1.65 1.5-1.8 1.4 1.3-1.5 
type grain 

type floret HP-36 Pill 2 2.35 2.2-2.5 1.5 1.5 
H-ill Founder 3 2.03 2.0-2.1 1.5 1.4-1.6 

Gramineae 
caryopses 
<25% embryo HP-36 Bmaker 14 0.9 0.6-1.0 0.48 0.4-0.6 
25-50% II HP-36 Bmaker 12 0.88 0.8-J.1 0.53 0.4-0.8 
All total HP-36 Bmaker 26 0.89 0.6-1.1 0.50 0.4-0.8 

<25% embryo HP-36 Bmaker 6 0.9 0.6-1.5 0.42 0.3-0.5 
~ 

<25% embryo HP-36 Pill 23 0.99 0.7-1.4 0.44 0.3-0.7 ~ 
;:s-. 

25-50% II HP-36 p Ill 12 1.03 0.7-1.4 0.54 0.3-0.7 $:::l 
~ 

All total HP-36 p Ill 35 1.00 0.7-1.4 0.48 0.3-0.7 C 
<::,--
C 

<25% embryo HP-36 Pill 7 0.97 0.8-1.1 0.51 0.4-0.6 
iS" 
~ 25-50%" HP-36 p Ill 5 0.96 0.9-1.0 0.44 0.4-0.5 
~ All total HP-36 Pill 12 0.97 0.8-1.1 0.48 0.4-0.6 s. 
~ 

<25% embryo H-ID Founder 15 1.13 0.8-1.3 0.61 0.4-0.8 ~ 25-50% II H-ID Founder 11 1.15 0.6-1.7 0.65 0.4-0.8 
~ All total H-ID Founder 26 1.13 0.6-1.7 0.62 0.4-0.8 ~ 

<25% embryo H-ill Founder 6 0.95 0.8-1.1 0.6 0.5-0.9 
~ a 

25-50% II H-ID Founder 8 0.98 0.8-1.3 0.66 0.5-0.8 ~ 

All total H-ID Founder 14 0.96 0.8-1.3 0.64 0.5-0.9 ~ .._ 
* measured at "midpoint. 

C 
~ 
~ 
~ ..... 
~ 
~ 
"'t 

~ 

°' 'O 
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AZJ:14:36 (ASA1) 
A late Archaic/Basketmaker II occupation of a multi-component pit house village in Homolovi 

Ruins State Park preserved limited plant remains (K. Adams 1991, 1992; Fish 1991a), including a 
single maize cob which yielded a calibrated date of 365-50 B.C. (2 sigma) (Lange 1994: Table 4.18). 
The occupants gathered ricegrass grains (Stipa) in late spring, and winged pigweed seeds (Cycloloma) 
in late summer/early fall when the maize (Zea mays) crop was ready to harvest. They may have 
encouraged ~eed (Cleome) in their fields, and carried in cattails (Typha). Wood gathered for fires 
either grew nearby (£opulus, Atriple26 Artemisia) or came from the upper reaches of the river as 
deadwood (Juglans, Pinus ). 

Sivu'ovi 
Two Basketmaker pit structures dating to AD. 1-200 (Burton 1991) at the Petrified Forest National 

Park site of Sivu'ovi (AZ Q: 1: 114 [ ASM]) preserved limited charred plant parts (Donaldson 1991) and 
pollen (1991a) suggestive of reliance on both domesticated and local wild resources. Two burned 
ricegrass (Stipa) type grains and two burned goosefoot (Chenopodium) type seeds were recovered from 
a bell-shaped pit. The seasonality expressed by these remains could be early summer through fall. 
Charred Zea cupules likely represented fuel use of left over cobs. Charred remains of fuels or 
construction timbers included cottonwood/willow, Juniperus and Atriplex. Resources identified via the 
pollen record include maize, chenopods/amaranths, grasses, beeweed, wild buckwheat and possibly 
yucca (Fish 1991 b ). 

Basketmaker III/Pueblo I 
AZJ:14:36 {ASA,t) 

Plant remains preserved in a single AD. 600-850 Basketmaker IlI/Pueblo I pit house village (AZ 
J: 14 :36 [ASM]) in Homolovi Ruins State Park suggest continued reliance on both agricultural and wild 
plant resources (K. Adams 1991, 1992). By now, people were planting common beans (:;ehaseolus 
vulgaris ), previously knom1 to earlier Basketmaker II groups in northern Arizona (Kaplan 1956). Maize 
(Zea mays) regularly provided left-over maize cobs for burning (K. Adams 1992), and the pollen record 
revealed broadly distributed maize pollen (Fish 1991a). A limited number of maize cob fragments had 
traits similar to cobs from a later Pueblo III occupation of this same site, suggesting continuity in maize 
types grown. Plants likely to flourish in agricultural contexts, such as beeweed and Boerhaavi~ 
contributed pollen to the site. 

Grass grains were gathered, either as a food or a material to produce steam during roasting events. 
Seasonality indications are that occupants were minimally in the area during late spring (Stipa, 
Descurainia) and late swnmer/fall (fortul~ Cyclolom~ Mentzelia). Pollen preserved evidence of 
plants spanning early/mid spring until after the maize harvest, including various cacti, cheno-am plants, 
yucca, Ephegm, Typh~ and others (Fish 1991a). Fuelwood came from local plants or was picked up 
as driftwood. One structure had a roof made from local river edge cottonwood trees (£opulus _ 
fremontii), and a smaller layer of reedgrass (Phragmites) stems. 
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Pueblo I-II 
The Archer Site 

During Pueblo I-Il (AD. 825-1050), Archer site AZ P:4:22 (ASM) occupants near Holbrook 
continued to rely on a mixture of maize agriculture and wild plant harvesting. Routine access to maize 
(Zea mays) is implied by recovery of cupules, kernel fragments and cob segments in thermal features 
(K. Adams 1994a). The elevated maize pollen record (Fish 1994) further suggested presence of freshly 
harvested maize from nearby fields, even though other pollen types considered correlates of 
agricultural contexts ~rhaavia type and Sphaeralcea) were low in site samples. Absence of common 
beans from this record may be a product of limited sampling. 

The variety of wild plant resources that preserved represent harvests from late summer through fall. 
No clearly cool-season (e.g. late spring/early summer) resources were identified in the materials 
examined (K. Adams 1994a). Pollen also suggested summer as the primary season of pueblo residency 
(Fish 1994 ). 

Commonly recovered plant resources included cheno-am seeds, a new regional record of 
pickleweed seeds (Allenrolfea), grass grains including dropseed (Sporobolus), winged pigweed 
(Cycloloma) seeds, and sedge remains (Scirpus). Less often, purslane (fortulaca), bugseed 
(Corispermum), sunflower (Helianthus), juniper (Juniperus) and Malvaceae reproductive parts 

preserved. Additional economic resources recognized in the pollen record included cattail (Typha), 
cholla (Cylindropuntia), sagebrush (Artemisia), and greasewood (Sarcobatus), along with high 
percentages and aggregates of cheno-ams and grasses. 

Archer site occupants commonly burned local wood types in their hearths/thermal features (K.. 
Adams 1994a), including cottonwood (fopulus fremontii), pickleweed/greasewood 
(Allenrolfea/Sarcobatus), saltbush (Atriplex), and privet (Eorestiera). Other wood types, such as 
Juniperus, Cercocarpus and Juglans, either grew nearer in the past or were gathered as driftwood along 
drainages. 

Pueblo ill 
AZJ:14:36 (ASM) 

After experiencing a two-century hiatus in occupation, the pit house village of AZ J:14:36 (ASM) 
in Homolovi Ruins State Park was re-occupied during the Pueblo III period of AD. 1120-1225. These 
inhabitants grew common beans (fhaseolus vulgaris ), similar to those grown earlier in this location (K. 
Adams 1992). Maize (Zea) cobs also shared traits between the two occupations. Recovery of maize 
cupules and cob fragments in thermal features suggest fields were close enough that cobs were 
routinely used as fuel. 

These fanners also gathered wild resources that spanned the growing season from late spring 
through fall (K. Adams 1992). These included Stipa grains and associated parts, other grass grains, 
cheno-am seeds, Malvaceae seeds, bugseeds ( Corispermum ), and possibly spurge (Euphorbia) 'seeds. 
They carried in a variety of wood types, including those of riparian locations (fopulus/Sali& Fraxinus 
anomala, Forestiera), uplands (Atriple& Artemisi~ Cluysothamnus, Ephedra), and from upper river 
reaches (Juniperus, Pinus, Ouercus). 
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PuebloN 
Two Pueblo IV masonry pueblos in Homolovi Ruins State Park have preserved a rich record pf 

archaeobotanical materials (K. Adams 1992, 1994b; Miksicek 1988, 1991). These are the 1200 room 
masonry pueblo of Homol'ovi II, dating AD. 1330-1400, and the smaller 50 room masonry pueblo of 
Homol'ovi ill, occupied intermittently from AD. 1280-1375. Puerco Ruin to the east, nearly 
contemporaneous with Homol'ovi III, also has an archaeobotanical record. 

Homol'ovi II 
Homol'ovi II (AZ J:14:15 [ASM]) is the largest and probably last-abandoned of the Homol'ovi 

commmrities. Archaeobotanical materials from five rooms and an outside activity area (Miksicek 1991) 
comprised over 21 .8 kg of charred and uncharred plant remains, much of it from a midden representing 
the cleaned out contents of a storage room destroyed by fire. The sheer bulk of preserved domesticated 
plants suggested that agriculture provided the major portion of the Homol'ovi II diet (Miksicek 1991 ). 
At least two types of maize were recognized, Pima/Papago and Pueblo Flour, with perhaps two 
additional subtypes. Many maize ears had fused upon burning, suggesting they were moist and still 
drying when they caught fire. Based on size, a variety of beans preserved, including tepary beans 
(Phaseolus acutifolius), common beans (f. vulgaris), and lima beans (£. lunatus). Two types of 
cucwbits (summer squash or Cucurbita ~, and cushaw or C. argyrosperma) and gourd (Lagenaria) 
rind fragments were also identified. Charred and uncharred cotton ( Gossypium hirsutum) seeds were 
recovered in 57% of all flotation samples. Cotton requires abundant moisture and a long growing 
season, and since Homol'ovi II is close to the river and has an average 172-day growing season, the 
location is ideally suited to this crop (Miksicek 1991:98). The pollen record (Fish 1991c) confirms 
recovery of both Zea mays and Cucurbita pollen, and of beeweed ( Cleome) pollen representing a useful 
resource of agricultural fields. 

A variety of wild resources preserved (Fish 1991 c; Miksicek 1991 ). These included grasses (Stipa 
Sporobolus ), cheno-am seeds, cactus fruits, pinyon nuts, juniper berries, and yucca fruit. Perhaps the 
occupants of Homol'ovi II stored foodstuffs, as some of the assemblages contained plant parts 
representing multiple seasons of harvest. The pollen record of cattail (Typha) and sedge ( Cyperaceae) 
may derive from craft, ritual, and/or food uses (Fish 1991c). Other additional economic resources 
suggested by pollen include wild buckwheat (Eriogonum) and a member of the lily family. 

At Homol'ovi Il, cottonwood (fopulus fremontii) provided the major wood used in hearths and 
construction. Other local fuel types included saltbush, rabbitbrush, sagebrush, and squawbush. 
Driftwood was also burned on occasion. 

The plant remains from a large kiva (Structure 708) at Homol'ovi II, occupied AD. 1330-1400, 
support the record of domesticated and wild plant use, and provide additional details (K. Adams 
1994b ). The repeated presence of Zea cupules confirms an important role for maize, and that fields 
were near enough to regularly provide cobs from harvest debris. Cotton seeds were also recovered. 

The most frequently preserved wild foods from Structure 708 (K. Adams 1994b) included Stipa 
grains, other grass grains, and Sci[pus achenes. Less frequently identified were cheno-am seeds, 
Corispermum seeds, Opuntia fruit, Sporobolus grains, Malvaceae type seeds, Portulaca seeds, Yucca 
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baccata fruit, Cycloloma seeds and Juncus achenes. Some wild remains (Stim, Corispermurn, Yucca 
baccata) were swolle°' suggesting they burned when damp, perhaps shortly after being harvested 

The charcoal record from this kiva documents fuels and construction needs. As fuels they gathered 
Allenrolfea/Sarcobatus, Artemisia filifolia and Forestiera. Roofing and fuel needs were met by 
Populus/Salix, Juniperus, Atriplex and Cluysothamnus. Grass stems may have served as roof closing 
material. The -last use( s) of the hearth seems to have been for heating, and not food preparation. The 
Structure 708 plant record reveals nearness to both riparian and grassland communities. 

Homol'ovi III 
The nearby Pueblo IV site ofHomol'ovi ill (AZ J:14:14 [ASM]) documents plant use from deposits 

as much as 50 years earlier than Homol'ovi II and from deposits contemporary with Homol'ovi II. 
A well-preserved plant record reported by Miksicek ( 1988) is published here with his permission 

(Table 9.3). During the earliest (A D. 1280-1300) phase of occupatio°' 33 separate plant taxa were 
identified, including the domesticates maize (Zea mays), common beans (fhaseolus vulgaris ), summer 
squash (Cucurbita~), bottle gourd (Lagenaria siceraria) and cotton (Gossypium hirsutum). A small 
number of additional Homol'ovi ill flotation samples analyzed by K. Adams (1992) supplemented the 
record by adding Cucurbita moschata type seeds to the list. 

A wide variety of additional plant parts were preserved, representing agricultural weeds, wild 
resources, possibly encouraged plants, and charcoal of at least 17 different trees and shrubs. Wood 
bwned in hearths came from local trees/shrubs and from driftwood. Most of the plant resources came 
from the mid to late summer period (rainy season), and only a few came from spring/early summer or 
fall. 

The middle and late seasonal occupants (A D. 1330-1375) ofHomol'ovi ill grew basically the same 
domesticates, though in higher amounts (Miksicek 1988), and utilized many of the same wild resources 
as their early counterparts. Yet there were differences in the types of maize grown (Miksicek 1988). 
For example, middle/late maize had a higher average row number, a higher proportion of 12, 14, and 
16-rowed cobs, larger cob size, and higher coefficients of variation than early (A. D. 1280 - 1300) 
maize, suggesting diversification during the later periods. Although early maize at Homol'ovi III is 
similar to maize at Pueblo ill sites, later maize reflects an increasing reliance on Pueblo IV Flour types, 
a trend also noted at Homol'ovi II (Miksicek 1988, 1991 ). 

The Homol'ovi ill pollen record (Fish 1989) provided a series of valuable insights into community 
behavior, especially in comparison to activities at Homol'ovi II. Cultigen pollen types at Homol'ovi ill 
included maize (Zea), cucurbits (Cucurbita) and cotton (Gossypium), all recovered also as 
macrofossils. Greater abundance and ubiquity of maize pollen at Homol'ovi ill suggested that freshly 
harvested crops and outer parts (leaves, husks, stems) were regularly brought into the community. In 
contrast, Homol'ovi Il occupants perhaps utiliz.ed processed maize brought in after harvesting and initial 
processing some distant from their community, accounting for lower maize pollen values. High cheno
am pollen values at Homol'ovi ill could indicate both nearness to the river and to adjacent agricultural 
fields. Taken together, the pollen record suggested that Homol'ovi ill was more directly involved with 
primmy agricultural production than Homol'ovi II. This agrees with locational differences between the 
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Table 9.3 l ~-
Preliminary summary of Homol' ovi III plant remains fonn Early, Middle, and Late contexts 

(Miksicek 1988). Information is presented as percent ubiquity. For example, in the Early Period, 
maize was recovered in 77% of the 44 sam:eles examined. 

Taxon Season Early Period Middle Period Late Period Site Total 

# of Samples 44 16 32 92 

# ofTaxa 33 33 29 45 

Maiz.e LSum n 94 90 85 

Common Beans LSum 11 6 12 11 

CROPS Summer Squash LSum 11 19 25 17 

Bottle Gourd LSum 2 12 3 4 

Cotton LSum 11 25 25 18 

T~Mustard ESum 7 12 5 

Plantain ESum 3 1 

Purs1ane Sum 2 6 2 

ENCOURAGED Amaranth Sum 2 
PLANI'S 

Goosefoot Sum 7 44 19 17 

Beeweed Sum 11 6 19 13 

Bugseoo LSum 23 38 19 24 

WmgedPigweed LSum 18 38 34 27 

Groundcherry LSum 2 

Locoweed Sum 2 6 6 4 

AGRICULTURAL 
Globemallow Sum 2 6 9 5 

WEEDS Knotweed Sum 19 3 

Spurge Sum 6 9 4 

Spiderling LSum 7 6 4 

Fescue Ora$ ESum 2 12 3 

Horsetail Sum 6 

Ricegrass Sum 11 31 9 14 

Sacaton0ra$ Sum 14 38 38 26 

Composite LSi.nn 19 3 4 

Wil.D PLANTS Greasewood LSum 7 31 9 14 

Saltbush LSum 2 1 

Oregon Grape LSum 6 

Hedgehog Cactus LSum 3 1 

Prickly Pear LSum 2 25 9 9 

Skunk.bush LSum 2 3 2 

Juniper Fall 6 3 2 

Pin.yon Fall 4 19 9 9 

Grass Stems 70 100 81 79 
MISCELLANEOUS Vesicular 16 31 13 

f2!Jt.El~Lat: 2 2 J 2 
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two sites, as Homol'ovi III is situated directly on the floodplain, whereas Homol'ovi II is atop a mesa 
0.5 km from the floodplain. 

Other potential economic pollen types present at Homol'ovi III included various cacti, grasses, 
beeweed, yucca, and plants of the Cruciferae and Liliaceae families (Fish 1989). Although the record 
of economic types was diverse, pollen patterning only weakly differentiated activities in storage vs. 
habitation rooms. Food preparation areas preserved greater relative quantities of cultigen pollen than 
storage areas did A kiva floor had a very high percentage of maize pollen, and presence of cotton 
pollen suggested cotton processing or weaving. High frequencies or aggregates of cattail (Typha) and 
greasewood (Sarcobatus) pollen suggested ritual uses. Plaza samples had mixtures of economic pollen 
types that may have accumulated during resource processing in the warmer months of the agricultural 
season 

Two Fieldhouses 
The plant remains from two Homol'ovi area sites listed as fieldhouses (AZ J: 14:31 [ASM]) and AZ 

J:14:220 [ASM]) and occupied in the AD. 1300's preserved a subset of the same taxa (K. Adams 1990, 
Fish 1990a) as the masonry pueblos just discussed. It has been suggested that Homol'ovi II served as 
a permanent year-round residence for a very large group of people, except during the agricultural 
season, when folks traveled to Homol'ovi III and/or to area fieldhouses (E. C. Adams 1989a). If so, 
fieldhouses should reflect both small group size ( e.g. a household) and short-term occupation primarily 
during the agricultural growing season. Any comparisons between Homol'ovi II and III and 
contemporaneous fieldhouses must be tempered by differences in archaeobotanical sampling intensity. 

· The plant record of fieldhouse 31 does not strongly suggest repeated use of foods, nor does it 
suggest much handling of domesticated plants (K. Adams 1990; Fish 1990a). A limited number of 
maiz.e cupules in fill may have come in after the structure was abandoned. Fieldhouse 220 has a better 
record of domesticates, including maize macrofossils and pollen, and a Cucurbita pollen grain. Other 
evidence in the form of plants of disturbed habitats ( cheno-am and Cycloloma seeds, Cleome pollen) 
strengthens a case for nearby agricultural fields. 

Plant parts representing wild foods in the two fieldhouses are all primarily summer through fall 
resources. No cool-season resources preserved Some of the plant parts could have become burned 
when they were used to produce steam in roasting events. 

Fuel use at the fieldhouses paralleled that of the larger Homol'ovi communities, in that locally 
available materials and driftwood were all gathered for fires. Some shrubby wood types (Artemisia 
filifolii!, Atriple~ Clnysothamnus, Rhus) preserved often; these plants probably grew in the area. 
Populus/Salix could be carried from along the river edge. Other wood types brought in and burned were 
perhaps gathered as driftwood (Juniperus, Ouercus gambelii and Fraxinus anomala ). On occasion 
people burned a few maize cobs as fuel. 

PuercoRuin 
The Pueblo IV Puerco Ruin (AZ Q:1:22 [ASM]) in Petrified Forest National Park preserved a 

diverse plant record of agricultural products and native plants (Donaldson and Miksicek 1990; Fish 
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1990b ). More than one type of maize was identified, along with lima beans, several varieties of ~
common beans, possiblyteparybeans, and two species of squash (C. ~ and C. argyrosperma). Some 
of the maize kernels were fused to each other as if they had been in storage on the cob. No evidence 
of cotton was reported. 

Wild resources such as goosefoot, winged pigweed, ricegrass, dropseed grass, prickly pear and 
yucca also preserved in the Puerco Ruin in low quantities. The pollen record added additional potential 
use of beeweed, cattail, mustards, Cereus (hedgehog) type cacti, possible grinding of pinyon nuts, and 
use of plants in the Liliaceae, Labiatae and Polygonaceae families. With the exception of the spring 
ripening mustards and hedgehog cacti, the remainder of the plant species could have been harvested 
in late summer/early fall, and stored for long periods. Beeweed and cheno-ams may have grown in 
gardens. The record suggested to researchers a heavy dependence on domesticated plants and a 
moderate level of wild plant resource use (Donaldson and Miksicek 1990:253; Fish 1990b). More than 
one ecological zone ( riparian, desert scrub land, conifer forest) was represented by charcoal of woody 
shrubs and trees. 

Discussion 

The Middle Little Colorado River, Through Time 
Use OfDomesticates 

During Archaic/Basketmaker II, people living along the middle Little Colorado River relied on both 
agriculture and wild resource harvesting (Tables 9.4 and 9.5). This pattern persisted for a number of 
centuries along the river. Maize was present in all time periods, and common beans were available by 
Basketmaker III times. Moreover, the physical characteristics of the burned maize and beans suggests 
continuity in types lllltil the early Pueblo IV period, when a variety of additional domesticates became 
available. 

During early Pueblo IV, there was also a sharp change in overall reliance on domesticated plants 
(Table 9.4), reflected by both the variety of crops recovered and the sheer bulk of preserved remains 
in puebloan sites dating later than AD. 1260. Not only did the number of maize types increase to at 
least four, but the bean species had expanded to include tepary and lima beans. Three types of squash 
(summer, butternut type and cushaw), gourds, and cotton were all present in quantity. 

It might be tempting to explain the record of increasing reliance on domesticated plants as due to 
supetb preservation of the burned and often deeply bmied plant records of the large and well-preserved 
Homol'ovi II and ID communities. It is also true that the younger the site, the better the 
archaeobotanical record, which often includes wtcharred cultural remains (Miksicek 1991 :95-96). Until 
more detailed studies of well-preserved earlier sites are completed, the diversity and sheer bulk of 
domesticated plant remains of the late Homol'ovi communities is interpreted here as suggesting an -
intensification of agricultural efforts along the middle Little Colorado River in the Pueblo IV period. 

Intensifying Maize Use 
A chronological perspective on maize use along the middle Little Colorado River can be based on 

the ubiquity of maize cupules, cob parts and kernel fragments in flotation samples, realizing that the 
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Cucurbita sp. 
Cucurbita mixta 
~ - moschata 
~-rum.2 
Gossypium hirsutum 
Lagenaria siceraria 
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f .~ 
f . vulgaris 
~mays 
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Domesticated taxa represented by reproductive parts in middle Little Colorado River sites. 
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Table 9.5 
Presence of reEroductive Earts, includin~ EOllen, in middle Little Colorado river sites. .._ 

PERIOD AND SITE ~ 
Archaic/BM II BMIII/PI PI-PII PIii PIV ~ 

K: J: Q: J: P: J: J: J: HP: Q: ;::o 
TAXON 13: 14: 1: 14: 4: 14: 14: 14: 31/ 1: ~ 

60 36 114 36 22 36 15 14 220 22 ~ 
Allenrolfea occidentalis X ~ 
Astragalus X 
Atriplex canescens X 
Artemisia X 
Berberis/ Amelanchier X X 
Boerhaavia X X X 
~type X X X 
Cheno-am X X X X X X X X X 
Cleome ~ X X X X X X X 
Corispermum X X X X X X 
Cruciferne X X 
Cycloloma atriplicifolium X X X X X 
Cyperaceae X 
Descurainia X X X 
Echinocereus X X 
Ephedra X 
Eriogonum X X X X X 
Euphorbia X X 
Ferocactus X 
Gramineae X X X X X X X 
Helianthus annuus X X X 
~ X 
Juniperus X X X 
Leguminosae/vetch X 
Liliaceae X X X 
Malvaceae/Sphaeralcea X X X X X 
Mentzelia X 
Qmmllil ~cholla X X X X 
Opuntia (p. pear) X X X X X 
Physalis X 
Pinus edulis X X X 
Plantago X 
Polygonum X X 
Portulaca X X X X X 
Rhus aromatica X X 
Sarcobatus vermiculatus X X X 
Scimus X X .... , 
Sporobolus X X X X x 
filmn hymenoides X X X X X X X X X 
Typha sp. X X X X X X X 

Y11cc1 ba~al~l!~~il se. X X X X X X 
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samples varied in both size and preservation state. Three Fir Shelter on Black Mesa to the northeast has 
one of the earliest records of Archaic age Zea remains in the Southwest (K. Adams 1994c; Smiley and 

Parry 1990), so an early regional presence for maize is clearly established. Along the middle Little 
Colorado River, Archaic/Basketmaker II maize use is documented by limited remains from AZ J: 14 :36 
(ASM) (K. Adams 1992), and by maize parts in 5/8 (62.5%) samples in each of two 
Archaic/Basketmaker sites in Petrified Forest National Park (Huckell 1987; Donaldson 1991). 

Later in the Basketmaker III/Pueblo I period at AZ J:14:36 (ASM), heavy use of Zea is suggested 
by recovecy of cupules or cupule fragments in all 14 flotation samples examined (K. Adams 1992). This 
implies fields were relatively close, providing easy transportation ofleft-over cobs into dwellings and 
features for use as a tinder/fuel source (Castetter and Bell 1942:181; Lange 1968:117), or as hot coals 
in parching (Buskirk 1949:133). 

The Pueblo I-II Archer site (AD. 825-1050) revealed a 38.5% recovecy rate of Zea cupules and 
cupule fragments in 5 of 13 flotation samples (K. Adams 1994a). This lower incidence of the normally 
discarded cob parts suggested that maize was grown just far enough from the dwellings to not be an 
easily accessible fuel source, or that Zea played a smaller role in diet at the Archer site. There is an 
alternative possibility that maize cobs were consumed in times of food stress, as recorded in the 
ethnographic record (Hill 1938:46). The pollen record (Fish 1994) provided a contrasting point of view, 
with maize pollen grains in 63% of analyzed samples and aggregates of 6+ pollen grains suggesting a 
greater access to freshly-harvested maize, including cobs and outer parts. However, the low incidence 
of Boerhaavia type and Sphaeralcea pollen grains, often thought to represent nearby agricultural 
contexts, supports the interpretation of fields being at least some distance from the Archer community. 

The Pueblo III (AD. 1120-1225) Zea evidence at AZ J:14:36 (ASM) again suggests nearness to 
agricultural fields (K. Adams 1992), based on cupules/cupule fragments in 100% of five flotation 
samples. This trend is repeated in the Pueblo IV period (AD. 1330-1400) at Homol'ovi II (AZ J:14:15 
[ASM]), where maize remains preserved in 100% of21 flotation samples (Miksicek 1991), and in the 
nearby early Pueblo IV Homol'ovi III (AZ J:14:14 [ASM]), where maize preserved in 85% of 92 
flotation samples (Table 9.3). The pollen record contributed the additional insight that Homol'ovi III 
inhabitants had a more direct agricultural involvement than those at Homol'ovi II, with access to more 
processed agricultural goods. The Pueblo IV Puerco Ruin in Petrified Forest National Park preserved 
abundant maize macrofossils, plus maize parts in 18 of 20 (90%) flotation samples (Donaldson and 
Miksicek 1990). One of the Pueblo IV fieldhouses in Homolovi Ruins State Park reflected only 
occasional use of Zea, via recovery of maize remains in 20% of 10 flotation samples and limited maize 
pollen preservation (K. Adams 1990; Fish 1990a). 

Domesticates in a Re'l,ional Perspective 
Plant data for Basketmaker III and Pueblo II, III and IV time periods have been previously 

summarized for a broad geographic area that includes the Coronado Project southeast ofHomol'ovi, 
El Morro east of Ramah, New Mexico, Walpi to the north on the Hopi mesas, and the major 
communities of Homol'ovi II and Homol'ovi III (Miksicek 1991 :95-96). Older sites primarily contain 
charred remains, whereas the younger ones preserve higher proportions of uncharred materials. 
Throughout the periocL maize was the most abundant plant food Beans, squash, gourds and cotton 
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reveal increased use through time, but differences in conditions of preservation and archaeological 
sampling may account for part of this patterning. By historic times, a number of introduced crops hag 
been integrated into puebloan economies. 

The record of cotton from the Homol'ovi area is perhaps the most extensive one known for 
ancestral puebloan sites on the Colorado Plateau. Cotton seeds were recovered in 57% ofHomol'ovi 
II samples (Miksicek 1991) and in 18% of Homol'ovi III samples (Table 9.3), and cotton pollen 
preserved on occasion In Hohokam contexts in the southern deserts, cotton recovery exceeding 15-20% 
has been interpreted as indicating production for exchange purposes ( Gasser and Kwiatkowski 
1991:430). 

Wild Plant Use 
During Archaic/Basketmaker II, people living along the middle Little Colorado River regularly 

harvested a number of native resmrrces (Table 9.5). They gathered seeds of Chenopodium, Amaranthus 
and Cyclolom~ whose presence in dense stands in disturbed habitats would make harvesting 
worthwhile. Floodplains provide unstable situations, as do agricultural fields subject to frequent human 
visitation. Recovery of Cleome pollen suggests nearness and/or use of a plant historically encouraged 
in agricultural fields, while presence of Typha pollen implies short trips to the river edge. The rolling 
hills adjacent to the Little Colorado River offered~ plants and a wide variety of grasses, including 
early maturing ricegrass (Stipa) and other currently un-named grass taxa. Grass stems, especially of 
thick and sturdy reedgrass (J?hragmites), served a variety of material culture needs, plus roofing. By 
Basketmaker III/Pueblo L Coris.pennum, Descurainia, Portulaca, Mentzelia, and a number of cacti had 
joined the list of utilized resources. 

Later Puebloan occupations along the river utilized a wider variety of native resources. The Pueblo 
I-II Archer site occupants added pickleweed (Allenrolfea), sunflower (Helianthus), dropseed grass 
(Sporobolus), Malvaceae/Sphaeral~ and possibly Artemisia, Sarcobatus and Scir_pus to the list of 
plants carried into dwellings. The Pueblo ill occupation at AZ J: 14 :36 (ASM) in Homolovi Ruins State 
Park preserved a record of plant remains similar to sites that preceded it in time. 

It is the Pueblo N masonry communities ofHomol'ovi II and Homol'ovi III that have preserved the 
widest variety of reproductive parts of native plants ( average = 24 ), including nearly all the plants of 
disturbed habitats already discussed, and others from less-disturbed habitats. This may in part be 
attributed to large community size and superb preservation of deeply buried, burned deposits. The 
Pueblo IV Puerco Ruin preserved a number of the same reproductive parts recovered at the Homol'ovi 
communities. Two Pueblo IV fieldhouses preserved the standard suite of cheno-am, Corispennum, 
Malvaceae, ~ and Sporobolus remains so commonly encountered throughout the middle Little 
Colorado River archaeobotanical sequence, plus Yucca baccata and prickly pear. 

Through time, fuelwood and other material culture needs were met in part by local woody plants, 
and by resources that either grew nearer in prehistory or were carried down the Little Colorado River 
as driftwood during flooding (Table 9.6). Wood types burned in every period include the locally 
available Atriple~ Populus fremontii, and Pqpulus/Sal~ and the presumed non-local Juglans, 
Juniperus and Pinus. As with the record of reproductive parts, the Pueblo IV period revealed the 



Archaeobotany of the Middle Little Colorado River 181 

greatest variety of charcoal types recovere~ including the first records of Rhus and Yucca charcoal. 
The sheer numbers of occupants on the landscape in this period may in part account for the variety of 
fuelwoods sought. 

Comments on Sedentism 
An archaeobotanical case for sedentism can be made on the basis of degree of reliance on 

agriculture, and on the nature of wild resource exploitation. Looking first at resource diversity, it is 
clear that Pueblo IV inhabitants grew a greater variety of domesticated plants in their fields, and relied 
on a much greater diversity of wild resources, including potential fuelwoods, than any group preceding 
them. A nwnber of taxa in Table 9.5 occur no earlier than in Pueblo IV deposits. This includes plants 
of disturbed habitats, as well as plants of more established communities. This is the first time pinyon 
(finus edulis) nuts occur, suggesting travel or trade. The use of an increased number of plants that 
thrive in disturbed habitats may reflect an environment increasingly disturbed by humans. 

Seasonality Perspective 
Clear evidence of multi-season presence would support a case for sedentism. Plant part seasonality 

can shed light on inferred season( s) of occupation along the middle Little Colorado River. Because all 
groups from Archaic/Basketmaker II through Pueblo IV grew maize, it is likely some individuals were 
close to fields throughout the growing season. All aspects of field preparation, planting, tending crops 
and harvesting would require human attention from early spring through the fall. 

The wild plant record confirms that most of the sites along the middle Little Colorado River were 
occupied late spring'early summer through fall. Exceptions to this include the Pueblo I-II Archer site 
and two Pueblo IV fieldhouses, all having inferred summer through fall occupations. Such limited . 
occupation makes sense for the fieldhouses, used only for tending growing crops. The Archer site plant 
record reflects summer residency in a more permanently occupied community. Multiple season 
residency was suggested for some Homol'ovi II contexts preserving remains of multi-season harvests. 
For all the sites, there is no clear macrofossil evidence for or against winter occupation. This is not 
unusual, for few archaeobotanical records strongly point to habitation during the dormant (in this case 
winter) season (K. Adams and Bohrer 1993 ). 

Regional Vegetation. Through Time 
Ve~etation Prior to 1880 

A previous review of early historic descriptions along the middle Little Colorado River suggests 
that prior to the l 880's the river was a fairly permanent stream, with rushes, cattails, willows, 
cottonwoods and even beaver dams (Miksicek 1991 ). Salt and alkali buildup did not seem to be a 
problem, in fact nineteenth century travelers report on how unsalty the river bottom looked when they 
passed through (Miksicek 1991 ). Immense ammmts of driftwood coming from the higher country (pine, 
jwriper and walnut are actually named) bowttifully supplied the fires of travelers. Dense grama grasses 
and shrubs such as saltbush and sagebrush covered the low hills adjacent to the river. 

Ve~etation Today 
The flora in the vicinity of the Archer site (AZ P:4:22 [ASM]) near Holbrook (K. Adams 1994a) 

reflects some of the changes in vegetation along the middle Little Colorado River since the 1880's. The 



Table 9.6 
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Native Qlants reQresented b~ charcoal or other vegetative Qarts in Middle Little Colorado sites. 
t---J 

('i 
PERIOD AND SITE ~ 

Archaic/BM II BMIII/PI PI-PII Pill PIV ::t,. 

K: J: Q: J: P: J: J: J: HP: Q: ~ 
~ TAXON 13: 14: 1: 14: 4: 14: 14: 14: 31/ 1: V} 

60 36 114 36 22 36 15 14 220 22 
NEAR UPLANDS 

Artemisia X X X X X X 
Atriplex X X X X X X X X X 
Chrysothamnus X X X X X X 
Ephedra X X X X X 
Gramineae X X X 
Rhys aromatica X X X X 
Rosaceae type X X X 
~ X X 

NEAR RIPARIAN 
Allenrolfea/Sarcobatus X X X X X 
Forestiera X X X X 
Fraxinus anomala X X X 
Phrs1:gmites X X X 
Populus fremontii X X X X 
f_o.n_uius/Salix X X X X X X X 

LIKELY DISTANT 
Cerco~ru:nus X 
Juglans major X X X X 
Juniperus X X X X X X X X X 
Pinus X X X X X 
Pinus ponderosa X 
Pseudotsuga X 

X X X X X 

.. "t ... , 
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river and its tributaries today support riparian species such as cottonwood (:eopulus fremontii), willow 
(Salix), and privet (Eorestiera). The wide, flat drainage bottoms subject to periodic flooding offer 
habitats for annual species of interest to humans, such as goosefoot ( Chenopodium ), pigweed 
(Amaranthus ), bugseed ( Corispermum ), winged pigweed ( Cycloloma atriplicifolium ), and sunflower 
(Helianthus ). The area also has a number of salt-tolerant species such as Atriple~ Allenrolfe~ 
Sarcobatus, and the introduced Tamarix. 

The low hills adjacent to the river, formerly occupied by a continuous, nearly uninterrupted grass 
cover subject to regular lightning-set fires (Brown 1982:115), now supports a biotic community in 
which perennial grasses share dominance with a wide variety of shrubby species. This shift is partly 
due to historic grazing which first reduced available dry grass, which lead to a lower incidence of fire. 
Juniper (Juniperus) trees can still be seen scattered on thin, rocky soils. 

Ve'letation Reconstruction: Archaic Throu'lh Pueblo IV 
Based on the archaeobotanical record (Tables 9.5 and 9.6) and a former reconstruction (Miksicek 

1991:98-102), the vegetation in the region of the middle Little Colorado River in prehistory was 
probably similar to that described by travelers prior to AD. 1880. The unsalty floodplain of the middle 
Little Colorado River likely supported a relatively lush riparian community that included abundant 
cottonwoods and willows. Localized marshy areas contained bulrushes (Scw,us ), rushes (Juncus) and 
reeds (fhragmites ). The Little Colorado River and its many smaller tributaries carried large amounts 
of driftwood of upper elevation species, supplying ancient groups with fuel for their fires. The uplands 
had a much denser grass cover and fewer shrubs than is characteristic of the current over-grazed 
shrubland. The environment vvas perhaps becoming increasingly disturbed through time, as the Pueblo 
IV record preserved a greater diversity of plants of disturbed habitats than in the earlier periods. 

Pickleweed: A New Archaeobotanical Record for the Middle Little Colorado River 
The presence of hundreds of charred "pickleweed" (Allenrolfea occidentalis type) seeds from the 

Pueblo I-II Archer site represents a new taxonomic record for the region (see Figure 9.1). This shrub 
in the goosefoot family thrives on the river floodplain, and is so-named because its fleshy stems look 
like little rows of vertically stacked pickles. 

Pickleweed seeds are circular in face view and lens-shaped in cross section, and can be 
distinguished by their comma or C-shaped embryo, in contrast to encircling (Chenopodium) or spiral 
(Sarcobatus) embryo forms of other members of the goosefoot family. The ancient pickleweed seeds 
average 0.5 mm in width, 0.85 mm in length, and 0.40 mm in thickness (n=60) (K. Adams 1994a), and 
have a little projection or "tail" that sticks out. 

The Paiute finely ground pickleweed seeds and made the resulting flour into a bread or mush, 
considering this a regular article of the diet (Palmer 1878). The Seri toasted the seeds ( apparently they 
popped like popcorn), ground them up, and then cooked them as gruel or mixed them with turtle oil 
(Felger and Moser 1985). They used the branches as ramada coverings, and even smoked the plants in 
ceremonies. 

The Southwestern ancient record of pickleweed use is rather sparse. The "residue of winnowing" 
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pickleweed seeds was a common component of all levels of Danger Cave in Utah, dating from the 
ninth millennium B. C. to AD. 1800. Coprolites from both Danger Cave and Hogup Cave contained 
pickleweed seeds (Fry 1977), suggestive of consumption. 

There is more than one possible explanation for pickleweed seed presence at the Archer site. 
Possibly the occupants were eating the seeds, and if so, this is an important new food resource record 
for this region Alternatively, the seeds perhaps traveled in on branches sought as fuelwood, as charcoal 
identified as Allenrolfea/Sarcobatus type (anatomically difficult to distinguish) was commonly 
recovered at the Archer site. The Hopi considered Sarcobatus wood a "chiefkiva fuel" because of its 
bright sparkling flame (Whiting 1966:74 ), and Allenrolfea may have similar burning properties. Finally, 
the fleshy nature of pickleweed stems might make the herbage a good choice as a thick layer of green 
plant matter used to produce steam and provide protection around other food products being roasted 
in beds of hot coals. 

Summary 
An accumulating archaeobotanical record from nine sites spanning the Archaic/Basketmaker II 

through Pueblo IV periods along the middle Little Colorado River suggests some broad patterns of past 
plant use. The earliest Archaic/Basketmaker II groups grew maize (Zea mays) and used the left-over 
cobs as fuel. They were in residence in the area from at least spring through fall, gathering wild 
resources for food, and wood of local trees and shrubs and river driftwood to fuel their fires. 

By Basketmaker Ill, common beans (fhaseolus vulgaris) had been added to their diet, and the 
pollen record of agricultural weeds ( Cleome, Boerhaavia) reflects some level of landscape disturbance 
to grow crops. A single Pueblo I-II site reveals continued maize agriculture, and wild plant harvesting 
primarily in the summer and fall months. A new regional record of charred pickleweed (Allenrolfea 
occidentalis) type seeds occurs at this Pueblo II site. 

In the Pueblo III period, the same maize and common bean types were being grown, and wild plant 
harvesting spanned spring through fall. As for all previous groups living along this section of the Little 
Colorado River, wood of local trees and shrubs and river driftwood provided fuel for fires. 

The deeply buried and often burned deposits of the Pueblo N masonry pueblos of Homol'ovi II 
(1200 rooms) and Homol'ovi ill (50 rooms) provide evidence of a shift to more emphasis on a greater 
diversity of agricultural products by the AD. late 1200's and 1300's. Maize types became more varied, 
additional bean species (tepary and lima beans) were being grown, and three types of squash 
( Cucurbita ), cotton ( Gossypium) and gourds (Lagenaria) were added to the list of agricultural crops. 
The two Homol'ovi sites have cotton records that suggest production for exchange; such records are 
rare for ancestral puebloan sites. A wide variety of wild plants and fuelwoods were utilized by both 
communities, and storage of foodstuffs is suggested in some contexts where products from a variety 
of seasons occur together. The pollen record suggested that floodplain-based Homol'ovi ill was more 
directly involved with primary agricultural products, while Homol'ovi II, located farther from 
agricultural fields, received maize as a processed food product. 

Two fieldhouses of the Pueblo IV period had occasional access to maize and a smaller number of 
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wild plants and fuelwoods. Maize fields may have been somewhat near one of the structures. The 
Pueblo N Puerco Ruin group grew many of the same beans, squash and maize varieties as at the larger 
Homol'ovi masonry communities, but lacked cotton and gourds. It also relied upon a variety of wild 
plants and fuelwoods. 

Based on the current available data, maize (Zea mays) was present in the area by 
Archaic/Basketmaker II times, and its repeated recovery in samples of later time periods establishes 
its importance to ancient middle Little Colorado River economies. Common beans (fhaseolus vulgaris) 
followed by Basketmaker ill. A major intensification of agricultural efforts occurred during Pueblo IV, 
when additional varieties and new crops were added to those already being grown. Any potential 
contribution of indigenous taxa to a suite of managed and/or domesticated crops must await anatomical 
and morphological trait analyses (see Table 9.2), in comparison to traits of fully wild populations. 

Wild plants contributed significantly to the well-being of the groups living along the middle Little 
Colorado River. As early as the Archaic/Basketmaker II period, a record has preserved of edible 
resources ( Chenopodium, Amaranthus, Cyclolom~ Cleome) preferring disturbed habitats such as 
floodplains and agricultural fields. Cool (Stipa) and warm (Sporobolus) season grasses and reedgrass 
(fhragmites) stems, along with unidentified grass grains, suggests the importance of members of the 
grass family through time. Later occupations preserved an increasingly greater variety of wild plants, 
including those of riparian settings and adjacent uplands. The record of fuelwood use through time 
includes both locally available resources and driftwood, with a larger variety of types recovered in the 
later puebloan communities. 

A case for sedentism and multiple-season occupancy is based on a number of observations. 
Occupants of all sites grew maize, so presumably some individuals fulfilled minimal residency 
requirements relating to the agricultural cycle. However, by Pueblo IV, sedentism and multiple-season 
presence is suggested by: a) a greater variety of domesticated plant; b) a greater diversity of wild plant 
resources, including fuelwoods; c) possible travel and/or trade for pinyon nuts; and d) a greater nwnber 
of plants of disturbed habitats. 

Based on the archaeobotanical record, on historic accounts of the region prior to AD. 1880, and 
on modem floral reconnaissance, the vegetation along and adjacent to the middle Little Colorado River 
was probably different from that of today. The uplands supported a denser grass cover, with fewer 
shrubs. A lush riparian community lined the river banks, and the floodplain may not have been as salty 
as it is currently. Large amounts of driftwood regularly came downstream and were deposited along 
the river banks. The area became increasingly disturbed as ancient groups utilized it through time, 

• especially with intensification of agricultural efforts during the Pueblo IV period 

Acknowledgments 
The author thanks E. Charles Adams, Lisa Young and William Walker of the Homol'ovi Research 

Program for providing the opportunity to examine flotation samples and macrofossils from a nwnber 
of the Homol'ovi area sites swnmarized for this report. Excavations of the Archer Site by Carla Van 
West added an important perspective on the Pueblo I-II period, where the first regional record of 
pickleweed seeds was encountered. Suzanne Fish provided all the pollen analyses reported here, and 



186 K. R. Adams 

offered many useful comments in assembling this overview. Charles H Miksicek kindly permitted 
publication of the materials he recovered during extensive analysis of Homol'ovi ID samples. 

4 



Chapter Ten 

ANALYSIS OF THE FAUNA FROM HOMOL'OVI II 

Jennifer G. Strand 
Department of An1hropology 

University of Arizona 

Rebecca McKim 

Introduction 

The people ofHomol'ovi II were intensive agriculturalists who also hunted both large and small 
game for food Yet, animals also played an integral part in many other aspects of their lives. As 
Beaglehole ( 1936) has stated for the Hopi, all animals that were hunted could be used for ceremonial 
purposes alone, for clothing, for manufacturing items, and for food The richness and quantity of the 
faunal assemblage at Homol'ovi II brings all of these aspects of hunting to the fore. 

This chapter will examine the subsistence aspects of the faunal material, but will also address the 
ceremonial use and disposal of animals. The analysis of over 10,000 specimens from the 1991 - 1992 
excavation seasons and the 1993 excavation of a large kiva (structure 708) at Homol'ovi II allows us 
to address these issues. 

Methodology 

The identification of the faunal remains from these phases of excavation was completed using the 
National Park Service Comparative Collection curated at the Arizona State Museum by Professor 
Stanley J. Olsen. The taxonomic identifications of the domestic dog (Canis familiaris) baculum and 
other unusual identifications were also accomplished with Professor Olsen's assistance. The taxonomic 
lists were compiled using a variety of field guides and reference works. Stebbins (1966) was used for 
the amphibians and reptiles, whereas Robbins et al. (1966) and the Checklist of North American Birds 
(American Ornithologists' Union 1957) were used for the avian remains. The mammalian list was 
compiled using Burt and Grossenheider (1976), Hall and Kelson (1959), and Hoffineister (1986). 

All of the recovered faunal remains were identified to the nearest taxonomic level (Table 10.1 ). 
Additional attributes such as side, body part, fusion, weathering, breakage, burning, gnawing, weight, 
and quantity were also recorded for each specimen or group of similar specimens. Whether the 
specimen was worked was also recorded along with a short comment. The burning category included 
whether a specimen was unburned, blackened/scorched, or calcined (white or blue/gray color). A 
distinction was made between rodent and carnivore gnawing. All of these data were computerized and 

187 
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Table IO.la 
Animal taxa recovered from Homol'ovi 111

• 

Osteichthyes (Bony Fishes2) 

Amphibia 

Reptilia 

Aves 

Bufonidae (toads) 

T estudinidae ( water and box turtles, tortoises and allies) 
Chrysemys picta (painted turtle) 

Sauria (Liz.ards) 
Crotaphytus sp. ( oollared or leopard liz.ard) 

Crotalidae (pit vipers) 

Anatidae (waterfowl) 
cf Anati.dae ( similar to waterfowl) 

Branta canadensis ( canada goose) 
Anas sp. (surface-feeding ducks) 

Accipitridae (hawks, old world vultures and allies) 
cf Accipiter sp. (similar to mediwn-siz.ed hawks) 
Buteo sp. (hawk) 
cf Buteo iamaicensis (similar to red-tailed hawk) 
Aguila cluysaetos (golden eagle) 

Phasianidae ( quail) 
Gruidae (cranes) 

Grus canadensis ( sandhill crane) 
cf Grus canadensis ( similar to sandhill crane) 

Strigidae ( owl) 
Bubo virginianus (great homed owl) 
cf Speotyto cunicularia ( similar to burrowing owl) 

Picidae (woodpeckers and wrynecks) 
Passeriformes (perching birds) 

Corvidae (jays, magpies, crows) 
Garrulinae (jays, magpies) 

cf Cyanocitta stelleri (steller's jay) 
Corvinae ( crows and ravens) 

Corvus~ ( common raven) 
cf Mimidae (similar to mocking birds,thrashers) 
Icteridae (meadowlarks, blackbirds, and orioles) 

cf Xan1hacephalus xanthocephalus (similar to yellow-headed blackbird) 



Mammalia 
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Table IO.lb 
Mammal taxa recovered from Homol' ovi Il. 

Leporidae (rabbits and hares) 
Sylvilagus sp. (cottontails) 
~ sp. (jack rabbits) 
~ alleni (antelope jack rabbit) 
cf ~ alleni (similar to antelope jack rabbit) 
~ califomicus (black-tailed jack rabbit) 

Rodentia (Rodents) 
Sciuridae ( squirrels and allies) 
small Sciuridae ( small squirrel) 

cf Eutamias dorsalis (similar to cliff chipmunk) 
Ammospermophilus sp. ( antelope squirrels) 
Ammospermophilus harrisii or Spermophilus tereticaudus 
(Harris antelope squirrel or round-tail ground squirrel) 
Spermophilus sp. (ground squirrel) 
Spennophilus variegatus (rock squirrel) 
cf Spermophilus variegatus (similar to rock squirrel) 
cf Cynomys sp. (similar to prairie dog) 
Cynomys gurminsoni ( whitetail prairie dog) 
cf Cynomys gurminsoni (similar to whitetail prairie dog) 
Cynomys gurminsoni or Spermophilus variegatus 
( whitetail prairie dog or rock squirrel) 

Geomyidae (pocket gophers) 
Thomomys sp. (western-pocket gopher) 
cf Thomomys sp. (similar to western-pocket gopher) 
Thomomys bottae (valley pocket gopher) 

Heteromyidae (kangaroo rats and pocket mice) 
Perogna1hus sp. (pocket mouse) 
Dipodomys sp. (kangaroo rat) 
Dipodomys spectabilis or D. deserti (banner-tailed kangaroo rat or desert kangaroo rat) 
Dipodomys merriarni or D. ordii (Merriam's kangaroo rat or Ord's kangaroo rat) 

Castoridae 
Castor canadensis (beaver) 

Cricetidae (native rat and mice) 
Peromyscus sp. (mouse) 
Cricetinae-med. ( deer or harvest mouse) 
cf Baiomys sp. (similar to pygmy mouse) 
Onychomys sp. (grasshopper mouse) 
cf Onychomys sp. (similar to grasshopper mouse) 
cf Sigmodon sp. (similar to cotton rat) 
Neotoma sp. ( wood rats) 
cf Neotoma sp. (similar to woodrat) 
Ondatra 21bethicus (muskrat) 

Camivora ( carnivore) 
Canidae ( dog and allies) 
cf Canidae (similar to dog and allies) 

Canis sp. (dog 1nbe) 
Canis latrans ( coyote) 
cf Canis latrans (similar to coyote) 
Canis familiaris ( domestic dog) 
Canis latrans or C. familiaris ( coyote/domestic dog) 
Urocyon cinereoargenteus (gray fox) 
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Table IO.lb (continued) 

Mustelidae ( weasals, slamks and allies) 
Taxidea taxus (badger) 

Felidae (cats) 
Felis rufus (bobcat) 
cf Felis rufus ( similar to bobcat) 

Artiodactyla ( deer, antelope, and bighorn sheep) 
Cervidae ( elk and deer) 

Odocoileus sp. (deer) 
Odoooileus hemionus (mule deer) 
0. hemionus or Ovis canadensis (mule deer or bighorn sheep) 

Antilocapridae 
Antilocapra americana (pronghorn antelope) 
cf Antilocapra americana ( similar to pronghorn antelope) 
Antilocapra americana or Odocoileus virginianus 
(pronghorn antelope or white-tailed deer) 

Antilocapra americana or Ovis canadensis 
(pronghorn antelope or bighorn sheep) 

Bovidae ( cows, sheep, and allies) 

Ovis canadensis (bighorn sheep) 

Table IO.le 

Size categories used for unknown/ unidentified bone. 

Small/medium bird ( quail or raven size) 
Large bird (geese size) 

Small mammal (rodent size) 
Small/medium mammal (lagomorph size) 
Mediwn mammal ( coyote size) 
Medium/large mammal (small artiodactyla size) 

Unknown fish 
Unknown bird 

Unknown very small/small sized (blackbird sized) 
Unknown medium/large sized (hawk size) 

Unknown mammal 
Unknown small sized3 

Unknown small/medium sized 
Unknown medium/large sized 

Unidentified 
Cremated (not possible to tell if human or non-human) 

I . This table includes the taxa recovered from the 1991 and 1992 excavations and from the 1993 excavation of Structure 708. 
2. The common name is in the parentheses. 
3. See previous mammal size categories. 
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are stored at the Homol'ovi Research Program, Arizona State Museum. 

There are inherent difficulties with the identification process. One difficulty is that any comparative 
collection contains a limited number of specimens. The possibility of individual and regional variation 
must be acknowledged during the comparative process. During these analyses caution was used, and 
a higher taxonomic level was assigned, if a specimen could not be positively identified to a genus or 
species. If this level could not be determined with confidence, a size category was assigned when 
appropriate. Although these size determinations are not a true taxonomic category they can help to 
indicate general animal use at a site. The majority of the specimens assigned to the size categories are 
mammalian, however several of the avian remains were also assigned to these categories. Placement 
in a size category was based on the cwvature of fragmentary long bones and general bone thickness and 
size. The unknown categories were used when the limitations of the comparative collection and/or the 
expertise of the analyst precluded a positive identification at this time, but identification could be 
possible in the future. Unidentified remains were too small, eroded, or modified to be identified, except 
as bone. 

Another aspect of the identification process has more to do with the flexibility of taxonomic 
reporting and the analyst's choices then in the limitations of the collection. There are instances where 
a slightly different approach can produce what looks like a distribution pattern within a genus but may 
reflect choices made during the analysis. In this report the jack rabbits (l&pus) are an example. Until 
very recently the antelope jack rabbit (Le.Pus alleni) had not been recorded from the northern part of 
Arizona but the black-tailed jack rabbit {l&l)us californicus) had been identified from almost all 
archaeological sites in the region. Hoffmeister (1986:144) and Burt and Grossenheider (1976) both 
show the modem range of Lepus alleni as a portion of the southern desert region of Arizona, far from 
the northern portion of Arizona. At Homol'ovi Ill Pierce (1989) identified 3 specimens as being similar 
to the antelope jack rabbit. In this study the authors positively identified 3 specimens as Lepus alleni 
and 1 specimen as being similar to the antelope jack rabbit The most useful osteological criteria for 
distinguishing the two species is that of size. Lepus alleni is substantially larger than Lepus californicus 
(Hall and Kelson 1959; Hoffmeister 1986). This may not always be visible based only on the epiphysis 
or the shaft, but it is visible in the ratio of the epiphysis to the length of the shaft. There is overlap in 
size between large black-tailed and small antelope jack rabbits which makes identifications based on 
small fragments alone difficult. 

Two possible ways of recording the remains that were identified to the Lepus genus were followed 
by the analysts. One was to approach all jack rabbit specimens as being L. califomicus unless they were 
positively antelope jack rabbit. The alternative was to place all jack rabbit specimens in the general 
~ sp. category unless they could definitely be assigned as either black-tailed or antelope jack rabbit. 
The use of both of these approaches produces an interesting distribution pattern when the analyzed 
features are compared. This pattern is a product of the analysis and probably does not reflect an 
archaeological reality. To compensate for the differences in reporting all of the Lepus remains are 
lumped when indices are calculated and when cross-species comparisons are discussed 

A similar difference of recording is seen in the use of multiple species categories such as 
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Dipodomys merriami or D. ordii and Odocoileus hemionus or Ovis canadensis (see Table 10.la-c). 
These categories were used when the elements lacked specific identifying characteristics but could only 
be one of two species. The other method for recording these is to place these elements in the larger 
taxonomic categ01y such as Dipodomys sp. or Artiodactyla. Again the specimens are lumped during 
the calculation of indices and for cross-taxon comparisons. When there are variations in the grouping 
of the remains, these are noted in the text. 

The worked bone is included in the tables and in the discussion of the remains. The artifactual 
elements may have initially been acquired for meat or hide/feathers and not for the sole purpose of 
producing the artifacts, and so should be included in any discussion of subsistence. The worked bone 
is discussed in a separate section of this chapter. 

In order to allow for easy comparison of all of the Homol'ovi faunal collections, this analysis is 
quantified using the Number of Identified Specimens (NISP). Although there are problems with this 
simple measurement (see Grayson 1984; Szuter 1989), it is useful in looking at relative taxonomic 
abundances. The lagomorph and artiodactyla indices are calculated and compared with the previous 
work at Homol'ovi II (Szuter 1991 ). The lagomorph index is determined by dividing the NISP of 
cottontails by the NISP of all lagomorphs, whereas the artiodactyla index is calculated by dividing the 
NISP of artiodactyls by the sum of the NISP of artiodactyls and lagomorphs. These indices have values 
that range from 0.0 to 1.0. For the lagomorph index a value close to 1.0 indicates that cottontails 
produced the bulk of the collection. For the artiodactyla index a value near 1.0 would indicate that 
artiodactyls played a major role in the composition of the collection. 

Faunal Assemblage Composition 

The entire analyzed collection of 10,836 specimens was recovered during the 1991, 1992 and 1993 
(structure 708) excavations at Homol'ovi II (Table 10.2). The bone preservation was generally good, 
which enabled 65.7 percent (7124 NISP) of the entire analyzed collection to be identified to at least the 
class level. Of the identified collection, mammals accounted for 93.4 percent (6657 NISP) and the aves 
represented 4.8 percent (341 NISP). The remainder of the identified specimens consisted of fish, 
amphibian and reptile remains. The unidentified remains included 2841 specimens assigned to a size 
category, 38 specimens were considered unlmown and only two were cremated (human/non-human). 
The remaining 831 specimens were considered to be truly unidentified. 

Out of the entire collection, 10,581 specimens were recovered from features that were completely 
analyzed. These completed structures are: Rooms 557, 558, 701; Kivas 704, 706; Ramada 999; and the 
large Kiva 708 (Tables 10.3a,10.3b,10.3c). 

There were at least 44 separate taxa recovered from these phases of excavation. Only mutually 
exclusive categories were counted for this determination. The more general categories such as ~ 
sp. and Artiodactyla were not included because they could represent one or more of the specific 
categories. At least 13 of these taxa are avian, 3 are reptilian, and 1 each amphibian and fish. The 
remaining taxa are mammalian and include species from at least two distinct environments, the riparian 
and dry grassland environments. 
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Taxon 

Osteichthyes 
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Table 10.2a 
Frequencies of taxa from Homol'ovi Il 

NISP1 Burning2 

8 

Percent 
ofTotal3 

0.1 

Total Fish 8 0.1 ··························································· ........................................................................................................................................................................ .. .................................................................... .. ......................................................... . 
Amphibia 
Bufonidae 

13 

12 
0.2 

0.2 

: Total. Amphibia ==============================================25 ===========================================- ============== -.============================== 0.4 =========================== 

Reptilia 6 0 .1 
Cluysemys picta 11 0 .2 
Sauria 
Crotaphytus sp. 
Crotalidae 

41 

8 

27 

0.6 

0.1 

0.4 

= Total= Reptilia===================================================93============================================- ============== -=============================== 1.3 ========== == =============== 

Aves 106 3b 2c 1.5 
Anatidae 6 0.1 
cf Anatidae 
Branta canadensis 
Anas sp. 
Accipitridae 
cf Accipiter sp. 
cf Buteo jamaicensis 
Buteo sp. 
Aguila cluysaetos 
Phasianidae 
Gruidae 

1 

2 

3 
5 

1 
14 

28 

6 
4 

1 

<0.1 
<0.1 
<0.1 
0.1 
<0.1 
<0.1 
0.4 
0.1 
0.1 
<0.1 

Grus canadensis 40 2b 0. 6 
cf Grus canadensis 5 0.1 
Strigidae 31 0. 4 

.~ virginianus ............................................. ~ ................................................................................................ Q:.~ ........................... . 
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cf Speotyto cunicularia 2 <0.1 ~\ 
Picidae 1 <0.1 
Passeriformes 53 1 c 0. 7 .............. ... ................................ ........ ............... ............................. ... ...... ........ .......................................... ... ..................................................................... ............ ........... ..... ................. ... ..... .. .......... ...................................... 

Corvidae 4 <0 .1 
Garrulinae 1 <0.1 
cf Cyanocitta stelleri 1 <0 .1 
Corvus corax 28 2b 0.4 
cf Mimidae 5 0.1 
Icteridae 1 <0 .1 
cf X. xanthocephalus 1 <0 .1 

Total Aves 341 7b 3c 4.8 ............................................................................................................... ................................................................................................................................................................................................... 

Mammalia 893 34b 67c 12.5 

Leporidae 
Sylvilagus sp. 
Lepus sp. 
Lepus alleni 
cf Lepus alleni 
Lepus californicus 

143 
2761 
861 
3 
2 
1084 

lb 9c 2.0 
62b 79c 38.8 
27b 13c 12.1 

<0.1 
<0.1 

40b 61c 15.2 

. Total Lagomorphs ........................................ 4854 ...................................... 130b ..... 162c ...................... 68.1 ........................ . ...................................................................................................................................................................................................................... ...... ....................................................................... .. .. .... ............................. 
Rodentia 71 lb 1.0 
Sciuridae 26 0. 4 
small Sciuridae 8 0.1 
cf Eutamias dorsalis 3 <0.1 
Ammospermophilus sp. 1 <0.1 
Ammospermophilus harrisii or 

S. tereticaudus 3 1 b <0 .1 
Spennophilus sp. 5 0 .1 
Spermophilus variegatus 8 0 .1 
cf Spermophilus variegatus 3 <0 .1 
cf Cynomys sp. 6 2c 0.1 
Cynomys gunninsoni 8 1 b 0 .1 
cf Cynomys gunninsoni 13 0 .2 · 
Cynomys gunninsoni or 

Spermophilus variegatus 2 le <0.1 
Geomyidae 6 0.1 

.Thomomys SP· .................................................. 2 ............................................................................................... <0.1 ........................ . 



cf Thomomys sp. 
Thomomys bottae 
Heteromyidae 
Perognathus sp. 
Dipodomys sp. 
Dipodomys spectabilis or 

D. deserti 
Dipodomys merriami or 

D. ordii 
Castor canadensis 
Cricetidae 
Cricetinae-med. 
Peromyscus sp. 
cf Baiomys sp. 
Onychomys sp. 
cf Onychomys sp. 
cf Sigmodon sp. 
Neotoma sp. 
cf Neotoma sp. 
Ondatra zibethicus 

Total Rodentia 

Camivora 
Canidae 
cf Canidae 
Canis sp. 
Canis latrans 
cf Canis latrans 
Canis farniliaris 
Canis latrans or 

C. farniliaris 
Urocyon cinereoargenteus 
Taxidea taxus 

Pelis rufus 
cf F elis rufus 

12 
16 
14 
5 
17 

3 

10 
3 

89 
2 
26 
5 
2 
177 
7 
11 
8 
2 

574 

13 
3 

1 
5 
11 
3 
1 

106 
1 
3 
3 
3 
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lb 

4b 3c 

7b le 

lb 

0.2 
0.2 
0.2 
0.1 
0.2 

<0.1 

0.1 
<0.1 
1.2 

<0.1 
0.4 
0.1 

<0.1 
2.5 
0.1 
0.2 
0.1 

<0.1 

8.1 

0.2 
<0.1 
<0.1 
0.1 
0.2 

<0.1 
<0.1 

1.5 
<0.1 
<0.1 
<0.1 
<0.1 

. Total. Carnivora ............................................. 153 ......................................... Sb .......... le ............................ 2.1 ......................... . 
Artiodactyla 143 lb 2.0 
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.................................................................................................................................................................................................................................. 
Cervidae 2 <0.1 ~-
Odocoileus sp. 1 lb <0.1 
Odocoileus hemionus 3 lb le <0.1 
0. hemionus or 

Ovis canadensis 1 <0.1 
Antilocapra americana 16 lb 0.2 
cf Antilocapra americana 5 0.1 
Antilocapra americana or 

Odocoileus virginianus 2 <0.1 
Antilocapra americana or 

Ovis canadensis 1 <0.1 
Ovis canadensis 9 0.1 

Total Artiodactyla 183 4b le 2.6 

Total Mammal 6657 180 234 93.4 

Total Identified Remains 7124 187b 237c 65.75 
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Table 10.2b 
Frequencies of taxa from Homol'ovi II 

UNIDENTIF'IED REMAINS 

Percent 

Taxon NISP Burning of Total 

Small/medium bird 1 <0.1 
Large bird 1 le <0.1 
mammal/bird 26 lb le 0.7 
Small mammal 506 20b 27c 13.6 
Small/medium mammal 1994 108b 194c 53.7 
Medium mammal 87 4b 2c 2.3 
Medium/large mammal 226 14b le 6.1 

Unknown bird 6 0.2 
Unk. very small/small 1 <0.1 
Unk. medium/lg sized 1 <0.1 

Unknown mammal 
Unk. small sized 2 0.1 
Unk. small/med.sized 18 lb 0.5 
Unk. medium/lg sized 10 lb 0.3 

Unidentified 831 6b 30c 22.4 
Cremated 2 2c 0.1 

Total Unidentified 3712 155b 258c 34.35 

TOTALOF 
ALLREMAINS 10,836 342b 495c 100 

1. NISP = Number of Individual Specimens. 
2. Within this category b=blackened - scorched , c=calcined. 
3. Percentages recorded for the Identified bone are calculated on the total of identified remains, 

the unidentified percentages are calculated on total of unidentified remains. 
4. This represents 1 articulated individual composed of 16 specimens. 
5. These percentages are based on the total remains. 
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Table 10. 3a ..,, 

Distribution of non-mammalian taxa by NISP for completely analyzed features ofHomo!'ovi II 1
. 

STRUCTURES 

Rm. Rm. Rm. Ramada Kivas LargeKiva 
Taxon 557 558 701 999 704 706 708 

Osteichthyes 1 5 

Amphibia 1 

Sauria 38 1 2 
Cro~hvtus sp. 2 1 
Crotalidae 1 

Aves 10 9 30 5 7 37 
Anatidae 1 3 2 
cf Anatidae 1 
Branta canadensis 2 
Anas sp. 1 2 
Accipitridae 1 4 
cf Accipiter sp. 1 
cf Buteo jamaicensis 12 
Buteo sp. 4 10 4 1 1 8 
Aguila chn'.saetos 2 4 
Phasianidae 1 
Gruidae 1 
Grus canadensis 2 21 3 13 
cf Grus canadensis 3 2 
Strigidae 30 
Bubo virgimanus 3 1 
cf SpeoMo cunicularia 2 
Picidae 1 
Passeriformes 3 17 14 18 
Corvidae 1 3 
Garrulinae 1 
cf Cyanocitta stelleri 1 
Corvus corax 2 2 6 2 16 
cf Mimidae 4 
Icteridae 1 
cf X. xanthoceohalus 1 

TOTAL 8 107 42 98 8 11 106 

1. This table includes only the structures from the 1991-1992 excavations that were fully analyzed, and the Large Kiva 
(708). NISP = Number of Individual Specimens. 

2. This represents 1 articulated individual composed of 16 specimens. 
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Table 10.3b 
Distribution of mammalian taxa by NISP for completely analyzed features of Homol'ovi II 1

. 

STRUCTURES 

Rm. Rm. Rm. Ramada Kivas LargeKiva 
Taxon 557 558 701 999 704 706 708 
Mammalia 293 112 373 41 3 3 
Leporidae 1 139 
Sylvilagus sp. 76 244 309 615 76 42 1391 
Lepus sp. 6 854 
Lepus alleni 3 
cf. ~ alleni 1 
Lepus califomicus 46 154 106 253 19 28 474 
Rodentia 14 27 16 6 
Sciuridae 4 2 18 2 
small Sciuridae 8 
cf Eutarnias dorsalis 2 
Ammosger;mophilus sp. 1 
Ammos12ermophilus harrisii or 

£. tereticaudus 3 
S12ermophilus sp. 5 
Spermophilus variegatus 2 5 1 
cf S12ermo12hilus variegatus 2 1 
cf. Cynomys sp. 1 1 4 
Cynomys gunninsoni 8 
cf. Cynomys gunninsoni 1 2 9 1 
Cvnomys gunninsoni or 

£.variegatus 2 
Geomyidae 2 4 
Thomomys sp. 2 
cf. Thomomys sp. 2 3 
Thomomys bottae 16 
Heteromyidae 6 1 
Perognathus sp. 2 
Dioodomys sp. 8 
Dipodomys spectabilis or 

D. deserti 3 
Dioodomys merriami or 

D. ordii 10 
Castor canadensis 2 1 
Cricetidae 6 14 32 33 1 1 
Cricetinae-med. 1 1 
Peromyscus sp. 19 7 
cf Baiomys sp. 5 
Onychomys sp. 2 
cf Onychomys sp. 3 42 37 94 1 
cf Sigmodon sp. 1 5 1 
Neotomasp. 1 5 1 4 
cf Neotoma sp. 4 1 2 
Ondatra zibethicus 2 
Camivora 1 12 
Canidae 3 
cf Canidae 1 
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Table 10.3b (cont'd) 

STRUCTURES 

Rm. Rm. Rm. Ramada Kivas Large K.iva 
Tax.on 557 558 701 999 704 706 708 
Canis sp. 3 2 
Canis latrans 2 1 6 2 
cf Canis latrans 3 
Canis familiaris I 
Canis latrans or 

C. familiaris 3 2 4 97 
Ur~on cinereoargenteus 
Taxidea taxus I 2 
Felis rufus 3 
cf F elis rufus 2 I 
Artiodactyla 2 80 9 14 1 I 33 
Cervidae 1 
Odocoileus sp. 1 1 1 
Odocoileus hemionus 1 
0. hemionus or 

Ovis canadensis 1 
Antilocapra americana 8 2 6 
cf Antilocapra americana 5 
Antilocapra americana or 

Q. virginianus 2 
Antilocapra americana or 

Ovis canadensis 1 
Ovis canadensis 2 4 2 

TOTAL 151 847 703 1490 148 85 3099 
1. This table includes only the structures from the 1991-1992 excavations that were fully analyzed, and the Large K.iva 

(708). NISP = Number of Individual Specimens. 
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Table 10.3c 
Distribution of unidentified taxa by NISP for completely analyzed features ofHomol'ovi Il 1

. 

STRUCTURES 

Rm. Rm. Rm. Ramada Kivas Large Kiva 
Taxon 557 558 701 999 704 706 708 

mammal/bird 2 2 9 3 2 
Small mammal 8 31 118 llO 2 7 211 
Small/medium mammal 33 298 215 710 58 62 601 
Medium mammal 1 5 8 48 2 5 17 
Medium/large mammal 5 101 31 18 3 64 
Small/medium bird 1 
Large bird 1 
Unknown bird 6 

Unk. very small/small 1 
Unk. medium/lg size 1 

Unk. mammal 
Unk. small size 2 
Unk. small/med. size 18 
Unk. medium/lg size 10 

Unidentified 274 49 3 9 496 
Cremated 2 

Total 49 437 655 938 65 88 1431 

1. This table includes only the structures from the 1991-1992 excavations that were fully analyzed, and the Large Kiva 
(708). NISP = Number of Individual Specimens. 
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Lagomorphs i, 
As with almost all archaeological collections in the southwest, lagomorphs, cottontails, and jack 

rabbits, constitute a large percentage of the identified assemblage with 4854 specimens ( 68.1 % of the 
identified remains). This percentage is consistent with the earlier excavation at Homol'ovi II (73.9%), 
as well as Homol'ovi ill (47.5%) and Homol'ovi IV (74.5%) (see Andronescu and Glinsky 1994:2; 
Pierce 1989:11; Szuter 1991:104). In addition, the small/medium mammal category contains a large 
nwnber of specimens that are most likely lagomorphs and when this category is added the assemblage 
represents 63% (6848 NISP) of the total remains. Lagomorph bones were found in every structure 
studied, and in every depositional context. Antelope jack rabbit remains, although not common, were 
recovered from structure 708 (the large kiva) and structure 999 (the ramada area) (see Table 10.3b). 
The black-tailed jack rabbit and cottontails (Sylvilagus sp.) were well represented in all of the 
structures. 

Each of the three species has a slightly different habitat preference and mode of predator 
avoidance. Madsen (1974) noted that cottontails prefer a dense ground cover to hide in, whereas jack 
rabbits prefer a more open grassland habitat which allows them to see and flee from their foe. 
Hoffmeister (1986:144-145) indicates that the antelope jack rabbit will congregate in areas where the 
vegetation is thicker and the grasses are sparse as opposed to the black-tailed jacks that are animals of 
the open country. Socially, the antelope jack rabbit may aggregate in groups with more frequency than 
the black-tailed jackrabbit. 

Different hunting techniques can be used in response to these social behaviors and predator 
avoidance techniques. Beaglehole (1936: 17) indicates that the Hopi captured rabbits and other small 
animals using snares or dead fall traps. Rabbit sticks and communal hunts were additional techniques 
used by individuals and groups. In addition to protecting the agricultural crops, the hunting of rabbits 
and hares provided food for the people and the eagles in the village, and was connected with 
ceremonies and social obligations (Beaglehole 1936:14). 

The lagomorph index of 0.57 demonstrates an almost balanced use of Sylvilagus sp. and Lepus. 
This compares favorably with the previous lagomorph index of 0.45 which was based on a much 
smaller NISP of lagomorphs from Homol'ovi II (Szuter 1991:104-105). This indicates that both a 
brushier/riparian and more open environment were available to the prehistoric people. With the Little 
Colorado River so close, the riparian habitat was as accessible as the more prevalent desert habitat. 

In addition to the large number of specimens found in all contexts, burning of the elements also 
attests to the economic importance of the lagomorphs. Of the 4854 specimens 292 ( 6%) are blackened 
or calcined These 292 bmned/calcined remains represent 69% of all identified heat modified elements 
( 424 NISP). Again this seems to continue the pattern of use described for the earlier excavations 
(Szuter 1991:104). Although burning does not necessarily indicate cooking, it does suggest cultural 
alteration of bone (Szuter 1991:104). Lagomorphs do not supply a large amount of meat in one 
package; however, the ubiquitous presence of their remains suggests that they did supply a substantial 
portion of the meat at the site. 
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Rodents 
Rodents comprise another large segment of the identified mammalian assemblage from Homol'ovi 

II, with 574 specimens, or 8.1 % of the identified fragments. Rodents are often considered to be 
problematical in an archaeological assemblage because of the potential for them to be intrusive due to 
their burrowing habits. All of the identified rodents from Homol'ovi II are either fossorial (gophers) or 
create and or live in burrows. Although they may not directly reflect their dietary importance at a site, 
rodent remains should not be disregarded completely in terms of subsistence (Sobolik 1993). 

One possible line of evidence for determining culturally affected rodent remains is the presence of 
differential burning of peripheral elements (Szuter 1989; 1991). This pattern could be the result of 
cooking a skewered rodent over a fire, where the elements of the tail and feet would be heat affected. 
Within the constraints of a small sample size Szuter (1991: 105) did show that there was a differential 
pattern of burning present at Homol'ovi II. Unfortunately, the elements collected during the later 
excavations do not display the same patterning (Table 10.4). The only heat modified bones were 
recovered from the ramada 999 and the large kiva 708. In fact out of the 574 identified rodent 
specimens, only seven are heat modified (1.2%). When the rodent-sized small mammal remains are 
added, then 56 specimens out of 1080 ( 5%) are heat affected. 

The diversity of the elements represented by the burned bone is rather high, suggesting that much 
of the burned rodent bone may be intrusive. Although this line of inquiry does not demonstrate that 
rodents were included in the prehistoric diet, according to ethnographic reports and other lines of 
evidence, rodents were eaten prehistorically (Szuter 1991:105). The problem remains in finding 
archaeological evidence of this activity. 

Of the identified rodents in this collection, the beaver ( Castor canadensis ) and muskrat ( Ondatra 
zibethicus) remains are of particular interest. The beaver is represented by three bones, all of which are 
vertebrae, whereas the muskrat is represented by a mandible and a tooth. The muskrat was found in the 
same room ( structure 70 I) as one of the beaver specimens. The remaining beaver vertebrae were 
recovered from structure 557. These two species are incredibly water-loving and are rarely found away 
from a steady water source. Castor canadensis today lives along parts of the most continuously flowing 
rivers and streams. However, beaver in Ariz.ona have been known to try to colonize small streams with 
limited water flow (Hoffmeister 1986:320). Muskrats are found in a wide range of habitats including 
rivers, fresh-and-salt water marshes where the water level is appropriate for their dens and feeding 
preferences (Nowak 1991:753). Hoffmeister (1986:447) goes further and says that Ondatra needs a 
constant and fairly stable source of water, but one that does not frequently flood Frequent flooding 
would silt up the marshes and shallow sloughs where the muskrats live. With further refinement it 
would be interesting to correlate the date of the beaver and muskrat remains with Van West's ( this 
volume) reconstruction of the prehistoric stream flow along the Little Colorado River. Periods of 
extreme drought and unpredictability, which were projected to occur during different periods of the 
occupation of Homol'ovi II, would have an impact on the local availability of these fur bearing rodents. 

Carnivores 
A total of153 specimens, or 2.1 % of the identified assemblage, were identified as carnivore. The 

majority of the remains were canids with three specimens of mustelid and six elements of felid If the 
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Table 10.4 ., 
Burned rodent and rodent-sized bones by taxon and body part for Structures 999 and 708. 

Provenience Taxon Body Part Quantity 

Ramada 999 

Kiva 708 

Neotoma sp. 

cf Cynomys sp. 

small mammal 

Rodentia 

Ammospermophilus/Spermophilus 

~- gunninsoni 

Cynomys/Spermophilus 

D. merriami/D. ordii 

small mammal 

cheektooth 
mandible 

maxilla 
squamosal 

indeter. bone 
long bone 
scapula 
mc1sor 

femur 

mc1sor 

femur 

ischium 

humerus 

tibia 

long bone shaft 

TOTAL 

1 

1 
1 

18 
5 
1 
1 
1 

1 

1 

1 

1 

1 

21 

56 

medium-siz.e mammal category is included, then there are 240 specimens or 2.2% of all of the remains. 
Only nine of the identified carnivore remains and six of the medium mammal size category were heat 
modified. This is in direct contrast to the earlier excavations (Szuter 1991:105-106) that had 58% of 
the carnivore burned. 

Of the canid remains only the baculum could be positively identified to Canis familiaris. This 
element was recovered from widistmbed floor fill in the large kiva, structure 708. Additional carnivores 
recovered from this structure were one specimen that was either coyote or dog, one specimen of badger 
(Taxidea taxus) and one bobcat (Eelis rufus) phalanx. 

It is probable that one or more of the Canis sp. specimens recovered from the site could have 
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belonged to domestic dog, but it was not possible to make this distinction based upon the specimens 
in this collection. The canid remains are fairly evenly distributed throughout the units examined, with 
the majority of the coyote or domestic dog remains located in the large kiva. The one gray fox 
specimen was also located in the large kiva (Table 10.3b ). 

Carnivores are not usually associated with food, although this use may not be prohibited. The canid 
elements recovered include cranial fragments, mandibles, vertebrae, scapula, long bones and feet. The 
felid remains were composed of cranial fragments, the proximal portion of a humerus and phalanges. 
Differential disposal of the canid remains has been suggested (Szuter 1991). The cf Canis latrans 
cranial fragments and mandibles were discovered in the sealed ventilator shaft of the large kiva with 
at least three stone balls (Figure 10.1 ). This is the only clear evidence of special disposal of canid 
remains at Homol'ovi II. Bobcat bones and claws were found either on or right above surface 4 of the 
ramada area. These may have had some kind of cultural significance, perhaps ceremonial or 
decorative. 

Artiodactyls 
Artiodactyls are the largest animals found at Homol'ovi II. They also represent the third largest class 

of mammals, after lagomorphs and rodents. A total of 183 bones, or 2.6 % of the identified 
assemblage, was classified as artiodactyl. When the medium/large mammal categoiy is included 409 
specimens or 3.7% of the entire collection is artiodacytl/artiodactyl-sized. Artiodactyls represent the 
second most economically important class of animals at Homol'ovi II. Three different species have 
been positively identified. These are Antilocapra americana (pronghorn), Odocoileus hemionus (mule 
deer), and Ovis canadensis (mountain sheep). Of these three species, the pronghorn and mule deer 
would have been the most accessible, whereas the mountain sheep would have occupied higher 
elevations of broken rock (Hoffmeister 1986:556), and therefore would have required greater travel 
distance to acquire; although it could have been obtained through trade. 

The relationship between the use of artiodactyls and lagomorphs has been used to demonstrate the 
relative importance oflarge and small mammals in a specific subsistence strategy. An artiodactyl index 
has been developed to demonstrate this relationship (Bayham 1982; Szuter 1989). When the identified 
lagomorph remains are compared to the identified artiodactyl remains, an index of 0.03 is obtained. 
When specimens that are identified to the medium/large mammal class and small/medium mammal 
class are included as well, the index is 0.06. Including size class specimens is merited in this case, as 
artiodactyl remains are rather difficult to identify, especially when highly fragmented. Therefore, the 
first index may under-represent the actual relationship between artiodactyls and lagomorphs. 

Although the second index is larger than the first, both indices are small, especially when compared 
to those obtained by Szuter (1991:106) from the earlier excavation These indices were 0.11 for the 
identified remains, and 0.25 for the size categories. The differences between the indices of the earlier 
assemblage and this assemblage may in part be explained by the differences in sample size. Szuter 
identified 437 fragments (1991:104), whereas this assemblage has 7124 identified specimens. The 
difference in indices may also be related to differences in the structures sampled. 

The elements represented among the artiodactyl remains is an important factor to consider in tenns 
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of subsistence (Table 10.5). Although there are specimens from all of the portions, except the antlers, 
the majority of the bones are from the vertebrae and feet. Long bones from the entire assemblage are 
not as well represented as would be expected. Szuter ( 1991) found a similar pattern from the earlier 
excavation, and, based on Beaglehole's descriptions (1936:7-8), attributed this to hunting practices 
among the Hopi. Both the pronghorn and deer were hunted in the area. The meat was divided between 
the hunters in a prescnbed manner. The bones and skull of the animal were not broken up for marrow 
or given to the dogs. F.ach bone would be marked with ochre and placed in a shrine close to the village. 
Such practices may explain the absence of most meat-bearing elements from Homol'ovi II. Of the 
worked bone from Structure 708, the large kiva, only eight pieces are of Artiodactyla or medium/large 
mammal. 

Aves 

Table 10.5 
Artiodactyl elements represented in the 1991-1992 assemblage 

compared with those from 1993 .. Structure 708 

Body Part 1991-1992 NISP 1993 NISP 

Head and teeth 

Vertebrae and ribs 

Long bones 

Girdles 

Extremities* 

Unknown 

10 

90 

5 

6 

23 

2 

4 

15 

14 

1 

13 

* Extremities are carpals, tarsals, metapodials and phalanges. 

Many non-mammalian species were important to the prehistoric people at Homol'ovi. Homol'ovi 
II was located near the Little Colorado River, which provides an almost constant source of water and 
is on a major flyway. In addition to access to floodplain fann land this location allowed access to water
loving animals, especially birds. Birds make up a considerable percentage of the identified assemblage 
with 341 specimens, or 4.8%. Avian remains may have been used for food, their bones used for 
artifacts, or their feathers used for decoration or ceremonial purposes. 

The modem Hopi have a complex and interesting relationship with birds (Tyler 1991). Birds can 
act as messengers between men and gods, or stand as signals. The feathers can be used as decoration 
and on fetishes, and certain birds can be eaten. Although a one-to-one correspondence between the 
modem Hopi and the inhabitants ofHomol'ovi is not appropriate, possible prehistoric relationships can 
be explored. 
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A variety of species are represented at Homol'ovi II. Grus canadensis ( sandhill crane), Buteo sp. 
(hawks), and Corvus~ ( common raven) are the three most common species. Owl (Strigidae). and 
general passerifonns are prevalent, whereas the large birds are represented by Branta canadensis 
(Canada goose) and Aquila cluysaetos (golden eagle) (see Table 10.2 and Table 10.3a). 

The sandhill crane specimens probably represent a seasonal food source and at least three of the 
long bones were used as tube/bead stock. All of the specimens identified as sandhill crane were closely 
compared with the turkey elements before the identification was finalized These two species are of a 
similar size and can be confused; however, all of the specimens were clearly sandhill crane and not 
turkey. 

The ducks, geese and small perching birds were probably captured for their feathers and for food 
Except for the sandhill crane, the hawks/eagles, owls and crows/ravens dominate the avian assemblage. 
In modern Hopi society the ravens and owls play ambiguous roles. Their feathers are worn for power 
by both witches and shamans and can be used on masks (Tyler 1991:168,174). The majority of the 
Corvidae and Strigidae remains are legs and feet, with some wing elements (Table 10.6). This 
distribution is different than what was expected. It was expected that the wing feathers and elements 
should be the focus of acquisition, not the legs. However, as portions of the collection represent trash 
this may explain the discard of these elements. 

Hawks and eagles have a fairly clear role as messengers in Hopi society. Eagles and red-tailed 
hawks are kept for their feathers and then are killed at a specific time. Their bodies are then either 
buried in a special plot or burned (Tyler 1991:45-46). At Homol'ovi II the wings and feet of the hawk 
are well represented, along with an occasional skull (Table 10.6). There is one special occurrence of 
a probable red-tailed hawk ( cf Buteo jamaicensis) articulated skeleton buried in the undisturbed roof 
fill of the large kiva This individual includes a portion of the cranium, the right articular, the complete 
innominate, and a majority of the vertebra and ribs (Figure 10.2). It is missing the wings, legs and feet. 
Although more Buteo sp. specimens were found in the same strata and area, they do not seem to belong 
to this individual. A golden eagle (Aguila clnysactos) tarsometatarsus and talon were also in the vicinity 
along with Grus canadensis tibia and burned sternum fragments. Corvus corax and duck specimens 
were recovered nearby. The mammalian remains in the area included the gray fox (llrocyon 
cinereoargenteus ), badger (Taxidea taxus ), canids, pronghorn and bighorn sheep, along with the ever 
present lagomorphs and rodents. The burial of this bird in the roof fill of the large kiva seems to 
acknowledge the continued "special" status of the abandoned structure (Walker, this volume). 

Amphibians, Reptiles and Fish 
Although the remains in these three taxa are not abundant, they can impart some infonnation on 

subsistence. The amphibian remains total 25 specimens. Only 12 fragments were identified as 
Bufonidae (toads), whereas the other 13 fragments could only be classified as amphibian. 

The reptile bones include both poisonous snake and lizard remains. The reptile remains appear to 
be more widely spread than the amphibian remains. Many of these appear to be either whole or partial 
skeletons. It is unclear whether these species may have had any cultural significance or were primarily 
intrusive. 
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Table 10.6 
Quantity of each avian body part for Accipitridae and Strigidae by completly analyzed feature. 

Provenience Taxon 

Room 557 . Buteo sp. 

Room558 Accipitridae 

Strigidae 

Bubo virginianus 

Corvus~ 

Quantity 

2 

1 

2 

1 

2 

Skeletal Element 

skull 
mandible 
sternum 

acetabulum 

tarsometatarsus 

carpometacarpus 

phalanx 

ulna 

••• ••••••••• ... •••• ••• • •••••••• • •• •• • •• .. ••••••••• .. ••••• .. ••••• •• •••••••••••U· • •• ... •••••••••• ••• .. •••••••••••• • • • l •••••• .. •• ......... .... ••••••••phalanx•• ...... •••• .................. ••••••••••••••• ........ •• 
Room 701 Buteo sp. 1 humerus 

2 tarsometatarsus 
1 tarsal 
6 phalanx 

Aguila chiysaetos 2 phalanx 

.................................................. ~~ .............................................. 2 .............................. tarsal .......... ...... ........................... ............. .. . 
Kiva 704 phalanx 

tibiotarsus 

1 tarsometatarsus ········-·············· .... .................................................................................................................. .. ........................................................... .. ................................................................................................................................. . 
. Kiva 706 ................................. . ~sp ..................................................... 1 ............................... radius ............................. .................... ....... . 
Large Kiva 708 Accipitridae 2 vertebra 

Buteo sp. 

cf. Buteo jamaicensis 

Aguila chiysaetos 

Strigidae 

cf.~ cunicularia 

4 

1 

1 

2 

1 

1 

2 

1 

5 

femur 

phalanx 

skull 

humerus 

radius 

tarsometatarsus 

phalanx 

individual 

carpometacarpus 

tarsometatarsus 

phalanx 

humerus 

carpometacarpus 

tarsometatarsus 

vertebra 

scapula 

humerus 

carpometacarpus 

femur 

tibiotarsus 

4 tarsometatarsus 

......................................................... ...... ..................................................... 1 ............................... Phalanx ...................................................... . 
Ramada 999 Accipitridae phalanx 

Buteo sp. humerus 

~ virginianus 
Corvus~ 3 

femur 
tibiotarsus 
phalanx 
humerus 
radius 
ulna 

tarsometatarsus 
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Figure 10.2 Articulated elements of red-tailed hawk from Structure 708. 
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There were at least eight fish remains recovered. These bones include both vertebrae and other 
unidentified fish elements. The remains were distributed throughout the site, with no particular 
concentration The presence of fish bones at Homol'ovi II suggests that the prehistoric people used all 
aspects of the Little Colorado River for their subsistence needs. 

Worked Bone 

The 143 worked bone artifacts were classified on the basis of wear pattern typology and 
morphological attributes. This approach resulted in 12 categories of artifacts being recognized (Table 
10.7). This table gives an overview of the bone artifacts from the site. The following section will focus 
on the awls/hairpins, tube/beads, and bone tube stock artifact types (Figure 10.3). The artifacts from 
the large kiva (Structure 708) will be used as examples throughout this section. 

Awls/Hairpins 
The 15 artifacts classified as awls/hairpins include one definite blackened awl manufactured out 

of a canid ulna with the olecranon maintained as a handle. The other awl/hairpins are so fragmentary 
that classification as one or the other was not possible. By using the tip morphology, Olsen ( 1979) and 
Szuter ( 1991) have attempted to distinguish between the two forms. This approach has not met with 
great success because there is a morphological overlap between hairpins and blunt-tipped awls. Also 
the generally fragmentary nature of the specimens precludes using exact measurements and seeing all 
of the necessary striations to determine function. 

The awl/hairpins are made :from a variety of taxa and elements including the aforementioned canid 
ulna, a Lepus sp. radius, and small- and medium-sized animal long bone shafts. The canid awl is not 
unique; as there was an awl manufactured from an unburned canid metatarsal recovered during the 
earlier excavations (Szuter 1991:107). 

Tubes/Beads 
This is the most common bone artifact recovered from the 1991 - 1993 excavation seasons at 

Homol'ovi II, in contrast to the 1984 excavation season when none of these artifacts were recovered. 
The 56 artifacts appear to be fairly evenly distributed across the site. The ramada and the large kiva 
contained an almost equal number, whereas the small kivas and rooms were comparable. 

The majority of the tubes/beads recovered from the large kiva were broken longitudinally after the 
artifact was finished. Several were not quite finished before they broke, but the product was clearly 
visible. The groove and snap method was the preferred means of producing these artifacts. The snapped 
edges were smoothed and rowided and the exterior and edges were polished. Several of these beads had 
ochre stains on the interior surface. In structure 708 the finished beads were from medium- sized and 
smaller animals, such as rabbits and hares. 

Bone Tube Stock 
As in the previous excavation two of the bone stock pieces were made from the wing elements of 

a large bird (Szuter 1991: 107), in this case from the distal ulna and distal humerus of sandhill crane 
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Table 10.7 
Bone artifact frequency from completely analyzed structures at Homol'ovi II ~ 

Artifact TYpe 

Aw1/Haiipin 

Tube/Bead 

Bone Tube Stock 

Pendant 

GmnePiece 

Antler Shaft 

Pin 

Cylinder 

Reamer 

Mscellaneous Tool 

Mscellaneous W ork2 

Red ochre stain 

Total 
Percent 

Rm. Rm Rm Ramada K.iva K.iva Large K.iva Total (Percent) 
557 558 701 999 704 706 708 

l 2 2 l 2 7 15 (.10) 

2 

l 

2 5 

4 8 

8 

1 

1 

19 

2 

2 

4 

1 

3 

5 

13 40 
.03 .06 .09 .28 

l 

2 

.01 

8 

2 

0 

0 

3 

4 

19 
.13 

18 

15 

8 

8 

57 
.40 

56 (.39) 

20 (.14) 

1 

2 

1 

7 

1 

1 

7 

(.01) 

(.01) 

(.01) 

(.05) 

(.01) 

(.01) 

(.05) 

24 (.17) 

8 (.06) 
143 

1. The infonnation on the worked bone from all of the features except Structure 708 was obtained from an 1993 
llllpublished paper by Lisa Shelley on file with the Honiol'ovi Project at the Ariz.ona State Museum. 

2. This category includes individual cut marks. 

(Grus canadensis). The distal portion of a tarsometatarsus of Grus canadensis was also used as stock. 
That carnivore bones were used as stock is evident by the Canis latrans/Canis familiaris distal tibia and 
the cf Felis rufus proximal humerus. Smaller animals were also used for bone stock. In all cases the 
shaft portion near the epiphysis has been grooved and snapped. Generally there is more than one partial 
groove visible and the snapped portion is not very clean. No other cultural modifications are visible. 
Fifteen of the 20 bone stock pieces were located in the large kiva. 

The other modified bone and bone artifacts are sparsely distributed across the site and will not be 
discussed here. 

Intrasite Variability 
Patterns in the faunal assemblage from the 1991-1993 excavations at Homol'ovi II can be by 

clarified by examining the structures for which the faunal analysis was completed. For the 1991-1992 
season rooms 557,558 and 701 along with kivas 704, 706 and the ramada 999 were excavated. The 



Figure 10.3 Awls/hairpins, tube/beads, and tube stock artifacts from Structure 708. 
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only structure included in this analysis from the 1993 season is the large kiva 708. Only proveniences 
thought to be undisturbed by the excavators are described for the rooms and small kivas. For the 
purpose of simplification, only floors and features will be considered in the descriptions below (Tables 
10.3a, 10.3b, 10.3c). 

Structure 557 was the upper room in a two story masonry structure. It was determined by the 
excavators to have been used primarily as a storage room, based upon the absence of floor features. 
Although the faunal assemblage from this feature does not have the species diversity nor quantity of 
the other rooms, it does harbor some surprises. In addition to four hawk remains, two beaver ( Castor 
canadensis) vertebral portions were found here. Lagomorphs are the predominant fauna in this room. 

Structure 558 was a single story masonry structure. This structure was once used for habitation, and 
then used later as a trash midden The 80 artiodactyla specimens recovered here represent a majority 
of the 1991-1992 artiodactyla remains. Most of these specimens were located in the 10cm above the 
first surface of the structure, or in the fill immediately above that stratum. In keeping with the 
artiodactyl pattern for the site overall, most of these fragments are from vertebrae, ribs, or feet. Two 
of the artiodactyl bones in this fill were worked The provenience of these artiodactyl bones suggests 
a single depositional event, perhaps not long after the structure ceased to be a habitation room. The 
disposal of artiodactyl remains at Homol'ovi II is an intriguing issue which needs to be investigated 
further. 

The two surfaces of structure 558 were composed primarily of lagomorph and rodent bones, and 
do not appear to be unusual. The hearth feature from the first surface is interesting in that 26 lizard 
bones were uncovered there. These bones are very likely from a single individual. The other two 
features, a pit from the first surface and a pit from the second surface, conform to the pattern of 
lagomorph and rodent bones. Additional lizard and snake elements were also recovered, along with 33 
owl leg and foot bones, 2 sandhill crane, and 2 raven specimens. This large quantity of owl remains 
in one room is unusual. There are no other portions of owls present, except for one carpometacarpus 
of a great homed owl (Bubo virginianus ); so the deposition of these remains is not natural. In fact there 
are only two tarsometatarsals associated with all of these phalanges. As with the artiodactyl remains 
in room 558, this may represent one discard event. 

Structure 701 is another structure that appears to have been used as a habitation room, later a 
storage structure, and finally abandoned and used as a midden. In the southeast comer of the surface, 
three cottontails were found intact and fully laid out. From the condition of the epiphyseal lines, it is 
clear that these were young individuals. It is probable that these rabbits are related to human activities 
and to the deposits elsewhere on the floor. Nearby, two golden eagle talons were recovered in addition 
to hawk, raven, and goose/duck bones. Two of the bird bones have been worked along with some of 
the rabbit bones. These bones suggest tool manufacturing occurred either in this room, or perhaps in 
an adjoining room. The surface of this structure is also quite cluttered, having one of the largest surface 
assemblages of any of the rooms, including several axes and projectile points .. 

The two hearth features from the earlier habitation use of this structure are more consistent with 
what was found in the other structures. The feature 2 hearth did have one worked deer metapodial 
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fragment. Feature 1 had only three burnt fragments, whereas feature two had 50. 

Two smaller kivas were excavated Unfortunately, structure 704 had been mostly pothunted 
Therefore, there are no data from either a surface or feature. The paucity of faunal data is seen in the 
lack of species diversity and the low quantity of remains. The other kiva, structure 706, was much less 
disturbed; however, no faunal data were collected from the floor surface. The hearth feature had a 
slightly greater diversity of species represented than some of the other hearths. Some canid bones were 
present, as well as at least three different species of bird, including hawk and sandhill crane. 

Structure 999, the ~ was excavated during the 1991-1992 seasons. This activity area has a 
rich faunal assemblage in both diversity and quantity. The avian remains include 21 specimens of 
sandhill crane and 18 of passerine. Carnivores are represented by coyote and bobcat remains. The 
number oflagomorph remains is almost double that of any of the other structures previously discussed. 
The large kiva is the only other structure which is richer in fauna. 

Structure 708, the large kiva, was excavated in 1993. It is an unusual structure in the sheer number 
of remains recovered and in the species diversity evident in the assemblage. It is estimated that the kiva 
is 250% larger than any of the previously excavated kivas. It was abandoned and burned, then filled 
with trash and capped with slopewash. But the total fill moved is not as great as what had been 
excavated in the previous seasons site-wide, yet the number of identified remains from this kiva alone 
is 4636. The entire identified remains from this analysis totals 7124. Structure 708 has at least 30 
different taxa in the assemblage. 

The types of species represented are also intriguing. The specimens of gray fox, badger, bobcat, and 
coyote/dog are all located here. The one definite indication of the presence of domestic dog, the 
baculum, was found in the undisturbed floor fill. There are also multiple specimens of raven, sandhill 
crane, hawk, and golden eagle. All three of the identified artiodactyls are present in the kiva. Certain 
groups of animals are missing from the large kiva. There are no amphibian or reptile remains, nor are 
there water-dependent species, except for birds. The beaver and muskrat remains were found in rooms 
and not the kivas. 

Some of the diversity could be the result of its being a large area that was quickly trash filled The 
only other similar assemblage is from structure 999, the ramada, with its large, diverse assemblage. 
There are several aspects of the faunal collection from the large kiva that set it apart from the ramada. 

One is the llllbumed skull and mandibles of a cf Canis latrans ( coyote?) that was placed in the sealed 
ventilator shaft with at least three stone balls. Also in the shaft were fish, owl, possible burrowing owl 
(cf. Speotyto cunicularia), raven with ochre staining, possible yellow-headed blackbird (cf 
Xanthocej)halus xanthocephalus ), additional canid specimens, artiodactyl, and mule deer (Odocoileus 
hemionus ). Many of these animals play important roles in Puebloan culture, either as ceremonial 
messengers or/and as sources of feathers and food (Tyler 1991 ). 

The other aspect that separates the large kiva from the other kivas and the ramada is the burial of 
the possible red-tailed hawk. Although red-tailed hawks remains have been found in many areas of the 
site, this is the only articulated partial skeleton found. It was located in undisturbed roof fill. Again, the 
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burial of the hawk in the kiva after abandonment suggests that the kiva remained a "special"~place for 
the inhabitants. 

When compared, the fauna! assemblages from these structures tend to group by suggested use. The 
assemblages from the rooms are more similar between themselves in the quantity and species present 
than when compared to the smaller kivas. These kivas are similar in the paucity of faunal remains and 
in the small number of different species present. The ramada and large kiva are similar in the large 
quantity of remains and in the species diversity. This similarity between the ramada and the kiva 
assemblages is also seen in the distribution of worked bone (Table 10. 7) when compared to the other 
structures. The large kiva is different in the suite of unusual assemblages, such as the ventilator shaft 
and the hawk "burial." 

Intersite Variability 

Homol'ovi II is the largest and latest of the Homol'ovi sites. It is an aggregated pueblo of over 1200 
rooms that was dependent on the Little Colorado River for its subsistence. The other Homol'ovi sites 
were in existence at roughly the same time or slightly earlier. The faunal assemblages that have been 
excavated from Homol'ovi III and Homol'ovi IV have also been analyz.ed. Because these sites are 
smaller and from a slightly earlier time, they offer interesting comparisons of the changing subsistence 
patterns through time. 

Of primary interest are the two groups of animals that appear to be of greatest economic 
importance - the lagomorphs and the artiodactyls. One way to examine the relationship within and 
between these groups is to compare the ratios from the three sites (Table 10.8). When the ratio of 
Sylvilagus sp. to ~ sp. is compare~ Homol'ovi TI and III have very different ratios. The 
environment around Homol'ovi II appears to be more conducive to~ whereas Homol'ovi III shows 
an almost equal opportunity environment. 

Table 10.8 
Lagomorph:Sylvilagus ratios and Artiodactyl:Lagomorph ratios for Homol'ovi TI, III, and N* 
Site L s L:S A AG A' A':G 
HIT 1950 2761 .706 37 .0076 409 .084 

Hill 1190 2419 .492 27 .0075 75 .020 

HN NIA NIA NIA NIA NIA 142 .139 
*These figures given using NISP. L=Lepus sp.; S=Sylvilagus sp.; A=Artiodactyls (identified to 
species); G= All lagomorphs; A'=Artiodactyls including size class specimens. 
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The artiodactyl to lagomorph ratio also suggests some difference among the three sites. Homol'ovi 
II and ill have almost identical ratios when only specimens identified to species are considered ( see 
Table 10.8). Only data including size class information is available for Homol'ovi IV. When size class 
data are included for the ratios for all of the sites, Homol'ovi IV is noticeably different with a ratio of 
.139. Because Homol'ovi IV is the earliest of the three sites, this result might suggest a different 
relationship between large and small mammals during this period More investigation into the 
differences of these three sites is necessary in order to determine what this different ratio may indicate 
in terms of changing subsistence practices through time. 

One other difference between Homol'ovi II and Homol'ovi III and IV is the lack of turkey remains 
at Homol'ovi II. After the analysis of 10,836 specimens not one positively identified turkey (Meleagris 
gallopavo) bone has appeared. During the analysis of the 1984 excavation material Szuter (1991:104) 
did identify one element as either sandhill crane or turkey. Turkeys were present at Homol'ovi IV and 
were being raised at Homol'ovi ID (Senior and Pierce 1989). This lack of turkeys at Homol'ovi II may 
indicate that the period was too stressful to raise turkeys either because of the large human population, 
or because of the variability in the climate at the middle part of the fourteenth century (Van West, this 
volume). For whatever reason, the people ofHomol'ovi II might not have needed to raise turkeys to 
acquire the feathers. 

Summary 

With the analysis of the faunal remains from the 1991 & 1992 excavations and the inclusion of the 
material from the large kiva, a more thorough view of Homol'ovi II animal exploitation has been 
produced. This view involves both the economic and non-subsistence aspects of the site. 

The presence and probable heavy reliance on lagomorphs was to be expected. The presence of 
water-loving taxa and migratory water fowl was expected given the proximity to the Little Colorado 
River. Even the comparative lack of Artiodactyla remains is not too surprising. What was not expected 
was that raptors, owls, and ravens should be the most common identified avian remains. These birds 
were not kept or hunted as a food source. Their feathers and presence were probably required for non
economic reasons, such as ritual and decoration. Turkeys were kept for their feathers at Homol'ovi ID 
(Senior and Pierce 1989), yet their remains have not been found at Homol'ovi II. This difference 
between the sites should be examined when more evidence is available. 

In the distribution pattern of the faunal remains among the structures, three groupings are visible. 
In both quantity of the remains and in the species diversity, the rooms are more similar to each other 
than to the small kivas. The small kivas examined in this analysis share a paucity of remains, in direct 
contrast to the large kiva, which has the largest quantity of remains and the greatest species diversity. 
The only other structme that is comparable to the large kiva is the ramada. This similarity may be 
related to the size of the area and how trash was deposited within them. However, the large kiva did 
seem to have a "special,, status even when abandoned. Further work will continue to refine our 
understanding of the interactions at Homol'ovi II. 
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Introduction 

The body of chipped stone research that has been produced using materials from the middle Little 
Colorado River Valley and immediately adjacent areas is relatively rich - not always because of the 
nature of the assemblages studied - but because of the part these assemblages have played in debating 
and/or answering important theoretical questions in prehistory. This being the case, it is at the same 
time exhilarating and challenging to be involved with the analysis of materials from this area. The 
challenge for the most recent generation of middle Little Colorado River lithic analysts has been to 
build on the foundations of earlier researchers and to ask new questions. 

Our discussion of past middle Little Colorado River studies is organized chronologically in terms 
of archaeological cultures, time periods, and central topics. We begin by reviewing the "Tolchaco 
controversy," and information on the Paleoindian occupation of the area (Bartlett 1942, 1943; Keller 
and Wilson 1976) and then move to a brief discussion of local evidence for occupation during the 
Archaic period In addition, we critically review applications of the Sullivan and Rozen ( 1985) debitage 
typology and highlight dominant patterns in the chipped stone technology of the ceramic period. We 
then examine studies that have related group mobility to the organization of lithic technology, and 
studies of exotic raw material acquisition and reduction. Finally, we describe the Homol'ovi II chipped 
stone assemblage in tenns of the raw materials and types of lithic artifacts present, and examine spatial 
patterning in these data. 

Chipped Stone Studies and Pre-Ceramic Culture History 
Although the bulk of archaeological research in the middle Little Colorado River valley has focused 

on ceramic period sites like Homol'ovi II, some researchers have attempted to characterize the pre
ceramic occupation of the region as well. As early as 1942 and 1943, for example, Katharine Bartlett 
proposed the concept of the "Tolchaco" focus to describe a series of artifacts that she recovered from 
alluvial terraces between Holbrook and Cameron. The Tolchaco label (Bartlett 1943:266-267) was 
intended to encompass a chipped stone assemblage containing roughly flaked quartzites, chert pebbles, 
and petrified woods; bifaces; "hundreds" of utilized and utilizable flakes, most retaining cortex and 
lacking a striking platform and bulb of percussion; keel-shaped scrapers/planing tools; crude, hand
axe-like implements; a distinct lack of patination on artifacts; a paucity of knives and projectile points; 
and a lack of bones, hearths, campsites, and potsherds. 

219 
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Although Bartlett ( 1943 :268) concluded merely that the Tolchaco focus predated the Basketmaker
Pueblo period, dating to before about A D. 500 ( and despite a brief reference to the Lower Paleolithic 
of Europe), at least one other researcher has been somewhat less rigorous in his application of the 
Tolchaco label Krieger (1962:141-142; also see Krieger 1964), for example, in a discussion of 
possible evidence for a 40,000 to 25,000 year-old "pre-projectile point stage of culture in the western 
United States," cites Bartlett's Tolchaco manifestation in the context of ruing the fact that "surface 
collections seem to have convinced many archaeologists that they are unworthy of attention" 

Sharrock (1966), however, questioned the interpretation of the "Tolchaco focus" as a particular 
cultural manifestation, ancient or otherwise. He proposed that a number of the tools described by 
Bartlett ( especially the keeled scrapers and hand-axes) are actually cores, flakes, and preforms, 
indicating that "Tolchaco" sites are quarry sites that could date to any cultural period. Bucy (1974), 
working in Idaho, embraced Sharrock's view, referring to "Tolchaco complex" sites there as 
"undoubted quarry/workshop sites." 

Back in the middle Little Colorado River area, Keller and Wilson (1976:236-237) likewise 
concurred with Sharrock, concluding that their "Tolchaco site" NAl 1,912, northwest of Winslow, 
appeared to have been a quarry site used "with varying degrees of intensity, for the last several 
thousand years during both the Archaic and the subsequent Basketmaker/Pueblo periods." They 
proposed (1976:237) that "Tolchaco" be redefined as "a site type rather than cultural complex or 
focus." Keller (1984:9) later expanded upon this suggestion, noting that Tolchaco sites could also 
represent dual functions ( e.g. quarry/workshop activity and plant food gathering). As Lange (n.d.) has 
recently stated, it would appear at this point in time that the Tolchaco controversy has been effectively 
( and appropriately) put to rest. 

Although the Tolchaco focus, as evidence for a pre-Basketmaker occupation, has not held up to 
scrutiny, there is evidence of a Paleoindian presence in the middle Little Colorado River Valley 
between about 11,500 and 7,500 years ago. A number of surface finds of fluted projectile points have 
been reported from within the region, including a Clovis point base from the Winslow vicinity (Sims 
and Daniel 1967: 178), a reworked Clovis point found near Chevelon Ruin (AZ P:2: 1 (ASM); see 
Hesse 1995), a reworked Folsom point recovered in the fill of a pit house in Petrified Forest National 
Park (Wendorf 1953), and a Folsom point broken during manufacture, also from the Petrified Forest 
(Jones 1985). In addition, stemmed specimens typical of the Paleoindian period in the Great Basin 
have been recovered, including one example from Homolovi Ruins State Park (Lange nd ). Additional 
references to Paleoindian projectile point finds from east-central Arizona can be found in Tagg (1994). 

Surface finds and limited excavations in the middle Little Colorado River Valley indicate that the 
area was probably occupied for the duration of the Archaic period, from about 7,500 to 2,000 years 
ago, although not intensively when compared to the succeeding ceramic-period occupation. The Early 
Archaic, dating to between 7,500 and 6,800 B.P. (Irwin-Williams 1973) is represented by Jay and 
Bajada projectile point types (Tagg 1994). Examples have been recovered in excavated contexts, e.g., 
site AZ Q:1:224 (ASM), at Petrified Forest National Park (Burton 1993a:165). The Middle Archaic 
is manifested in the middle Little Colorado River area by Pinto and San Jose-style projectile points, 
which date to between 6,800 and 3,500 B.P. (Irwin-Williams 1973). Middle Archaic finds in the 
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middle Little Colorado River Valley have been reported by Lange (n.d.) and Sims and Daniel (1967). 

San Pedro-type points (Irwin-Williams 1973), dating from 3,500 to 1,700 years ago (Tagg 1994) 
are indicative of the Late Archaic in east-central Arizona, and are relatively commonly recovered in 
the region. A number of points of this age have been recovered in the immediate Homol'ovi area 
(Lange n.d. ). 

The Sullivan and Rozen Debitage Typology 
A number of chipped stone studies in the Homol'ovi area have made use of the Sullivan and Rozen 

(1985) debitage typology (e.g., Burton 1993c; Burton and Vint 1990; Della Croce 1994; Harry 1989; 
Sullivan 1987a; Sullivan and Madsen 1991; Young and Hany 1989). The Sullivan and Rozen system 
was designed to overcome subjectivity in classification and to help identify different reduction 
activities, e.g., core reduction and tool production, through debitage analysis. The typology and the 
activity models used to interpret data are focused on flake completeness categories, e.g., complete 
flakes, broken flakes, split flakes, and flake fragments (Sullivan and Rozen 1985:758-759; Young and 
Harry 1989:283). Core reduction, for example, is suggested to be characterized by high percentages 
of complete flakes and debris, whereas tool production is supposed to be characterized by high 
percentages of broken flakes and flake fragments (Sullivan and Rozen 1985; Sullivan and Madsen 
1991:75). 

The Sullivan and Rozen (1985) system may, under some circumstances, allow the researcher to 
discern technological patterns at the intersite level (e.g., Sullivan 1987a). However, because we are 
just beginning to understand the complex depositional processes that contribute to the archaeology of 
villages (see Clark 1991; Deal and Hayden 1987; Hayden and Cannon 1983; Schiffer 1976, 1987; 
Wilson 1994), its use at the intrasite level is problematic. Use of the Sullivan and Rozen system, 
especially at the intrasite level, requires a number of critical assumptions: (1) that relative differences 
in flake completeness categories represent differences in technological activities such as intensive core 
reduction and biface production; (2) that flake completeness is not affected significantly by the 
variable flaking characteristics of different raw materials, or by post-depositional factors such as 
trampling and raw material recycling; and (3) if used to identify lithic activity areas, that production, 
use, and discard occur in the same place. 

Experimental tests of the Sullivan and Rozen typology (Harry et al. 1993; Mauldin et al. 1995; 
Prentiss and Romanski 1989; Tomka 1989), and ethnoarchaeological studies of village-dwelling 
flintknappers (e.g., Clark 1991; Deal and Hayden 1987) have suggested that these are potentially 
misleading assumptions. Therefore, we forego the use of completeness categories as an interpretive 
tool. In futtrre publications we will focus on technological attributes such as platform type, cortex, and 
size in order to document large scale technological patterns at Homol'ovi II (see Lyons and Pitblado 
1995). However, below we examine patterning in the distribution of raw materials and artifact types. 

Ceramic Period Chipped Stone Technology 
Olsz.ewski and Simmons (1982) have ably described the dominant technological patterns exhibited 

by ceramic period chipped stone assemblages in the southwest. In their brief review of large scale 
patterns observed in assemblages from the Chevelon area (middle and upper Little Colorado) of the 
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Cholla Project (Reid 1982), Olszewski and Simmons highlight the following: (1) a generall~. 
"opportunistic" approach to reduction and tool manufacture, reflected in a lack of formal tool, 
debitage, or core types; (2) assemblages donrinated by debitage (90 percent in many cases), "informal 
tools" (75 percent of all tools in the Chevelon study area), and moderately-reduced multiple platform 
cores; and (3) the dominance of primary cores over secondaiy cores (flake cores). 

Since their study, many other researchers have documented these same patterns in other areas of 
theplateausouthwest(e.g.,Bmtonand Vint 1990; SullivanandRozen 1985; Young and Harry 1989; 
also see Jeter 1980) and in the ceramic period archaeology of North America in general ( e.g., Jeske 
1992; Parry and Kelly 1987; Teltser 1991). The standard explanation offered by most researchers for 
the dominance of these patterns (usually subsumed under the rubric of "expedient technology") is 
decreased mobility (e.g., Parry and Kelly 1987:285). Put simply, a causal relationship is assumed to 
exist between mobility and technological organization, i.e., the most efficient use of lithic raw 
materials is made by more mobile groups ( standardized reduction sequences, intensive reduction, 
production of formal tools, caching, and "curation" [sensu Binford 1979, 1980]), whereas more 
sedentary groups make less efficient use of chippable stone ( expedient reduction of cores, often 
unintensive reduction of cores and tools, lack of formal tool production, and predominance of 
"situational" [sensu Binford 1979:255, 261, 264-266] tool use). Thus residentially mobile (Binford 
1980) hunter-gatherers, who presumably must protect against raw material shortage, produce "curated" 
or "fonnal" technologies. In contrast, logistically mobile farmers (or "complex hunter-gatherers"; see 
Keeley 1988), who have the luxury of scheduling raw material procurement trips as needed, produce 
"expedient" technologies, characterized by 113.ll}orphous cores" and "informal tools" (Parry and Kelly 
1987). 

The broad technological contrasts outlined above usually hold up. However, as Parry and Kelly 
(1987:300-302) and Andrefsky (1994:23-24) have shown with ethnographic data, lithic assemblages 
made by sedentary people can be "formal," and under some circumstances, mobile hunter-gatherers 
produce "expedient assemblages" (also see Binford 1979:264-266; Goodyear 1993; Ricklis and Cox 
1993). These studies suggest that technological organization is most closely related to raw material 
quality and availability. Mobility may or may not play a role, depending upon the distribution of high 
quality raw material in the study area. 

Middle Little Colorado Chipped Stone and the Adaptive Diversity Model: Chipped 
Stone Technology as a Measure of Mobility 

In 1984, Steadman Upham proposed the "adaptive diversity" model of oscillating mobility and 
sedentism as an alternative to abandonments in prehistory. Upham's model was challenged by Sullivan 
(1987b), and most recently by Ymmg (1994), who made use ofHomol'ovi chipped stone assemblages 
in her investigations. 

Young tested Upham's model by looking for evidence of mobile populations in the Homol'ovi area 
during periods when the region is assumed to have been occupied by sedentary farmers. Young 
(1994:145-148; also see Parry and Kelly 1987) assumed, with some qualifications, that lithic 
assemblages made by mobile groups would exhibit a higher proportion of bifaces compared to cores, 
a higher ratio of formal to infonnal tools, and a higher percentage of prepared platforms than lithic 
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assemblages made by sedentary groups. 

An examination of the lithic assemblages from 54 percent (N= 119) of the limited activity sites 
(lithic scatters, sherd and lithic scatters) recorded in the Homol'ovi Research Program survey (Lange 
1989, n.d) yielded 25 ceramic period sites whose assemblages met at least one of her criteria for 
bifacial reduction (1 site met all three criteria, 9 sites met two criteria, 15 sites met only one criterion; 
Young (1994:150-151). Young (1994:151) concluded that her results lend some support to the 
adaptive diversity model. However she added that the small number of sites possibly attributable to 
mobile groups during Pueblo ill-Pueblo N "cannot account for the thousands of people who 
abandoned the Homol'ovi area by the early 1400s" (Young 1994: 151; also see Sullivan 1994; Upham 
1994). 

Government Mountain Obsidian: Exchange, Specialized Production.. and Social 
Implications 

Brown's (1982, 1990, 1991) analyses of obsidian procurement, reduction, and exchange in the 
nearby Flagstaff and Anderson Mesa areas set the stage for obsidian studies in the middle Little 
Colorado River valley proper. Brown (1990:192) found that the Elden phase (AD. 1100-1250) 
Flagstaff area data fit comfortably with a mathematical model of down-the-line exchange, while the 
Anderson Pass data from the same period are said to suggest "more centralized" exchange. He states 
that his interregional database "supports a model of hierarchically organized directional trade ... 
[involving]. .. direct linkages between centers in adjacent regions." The Clear Creek phase (AD. 1250-
1450), according to Brown (1990:193-196,202), is characterized by the abandonment of the area 
between Flagstaff and Anderson Pass, probable direct procurement of Government Mountain obsidian 
by the inhabitants of Grapevine and Kinnikinick, higher concentrations of obsidian at larger sites, and 
more intensive trade in obsidian overall. 

· Brown (1990:196,197-204) reported that the debitage recovered from all sites in his sample 
resembled, in terms of size and shape, experimental assemblages produced by reducing Government 
Mountain obsidian into flake blanks suitable for retouch into projectile points. In addition, he reported 
that 70 percent of the projectile points in his sample were made on obsidian, despite easy access to 
other fine-grained materials such as cherts. In terms of differences between "obsidian procurement 
centers" and "recipient sites," Brown (1990:197-202) stated that the former exhibited a pattern of 
unintensive use of obsidian as raw material for expedient tools, high percentages of tertiary flakes, and 
high percentages of obsidian preforms and broken bifaces, suggesting specialized production of 
bifaces for exchange. Recipient sites were characterized by high percentages of cortical debitage, 
suggesting they received obsidian in the form of cores, as well as in the form of finished bifacial tools 
(Brown 1990:199-202). 

Brown (1990:202-204) suggested that the Elden phase pattern "would not have required centralized 
intervillage leadership or regional administration," and attributes "differentiation of exchange and 
production activities" to historical and geographical factors. He adds that localized specialization, 
intraregional production and distribution of obsidian, and other instances of economic intensification 
were most likely "component variables" in the process of Clear Creek phase "nucleation" and not mere 
consequences of this process (Brown 1990:204 ). 
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Hany (1989) examined the Homol'ovi ill obsidian assemblage in the context of Brown's (1982,~. 
1990) Flagstaff-Anderson Mesa studies. She found that the percentage of obsidian at Homol'ovi III , 
increased through time, and she noted an absence of evidence for specialized production or exchange 
(Harry 1989:285). 

Harry (1989:288-289, 290-295) suggested that the Government Mountain obsidian recovered from 
Homol'ovi ID was obtained from Grapevine and/or Kinnikinick, on Anderson Mesa (65 km to the 
southwest), and tested three models that explain her data: the use of obsidian as a bankable 
commodity, the use of obsidian as a status symbol, and the use of obsidian as a utilitarian material 
satisfying the requirements of lithic specialists. Based on a lack of evidence for restricted access to 
obsidian, or hoarding of the material, as well as the presence of positive evidence of "wasteful" or 
"expedient" use of obsidian (in terms of the tool types produced; 64 percent of the obsidian tools are 
utilized pieces and other "informal tools"), Harry (1989:291-292) rejected these models. She 
(1989:291-292) reported, however, that obsidian was the preferred material for projectile point (75 
percent) and wedge (77 percent) manufacturing at Homol'ovi III. She argued that despite ethnographic 
references to the use of projectile points as "amulets" or "fetishes," ( e.g., Parsons 1939) no data exist 
that suggest obsidian projectile points functioned as status items at Homol'ovi ill (Harry 1989:291 ). 

Harry (1989:292-295) argued that the high percentage of obsidian flakes bearing cortex (25 
percent) indicated that most of the material arrived in cobble form, suggesting an informal system of 
exchange - most likely carried on at the level of the individual or the household She suggested that 
increasing interregional interaction, represented by the obsidian assemblage at Homol'ovi ill, "could 
have functioned indirectly to reduce subsistence risk" (Harry 1989:293,294-295). Harry (1989:293-295; 
with references) hypothesized that exchange of nonessential commodities such as obsidian ( and 
cotton, which is well docwnented at the Homol'ovi sites; see Adams [1991b:118-121]) may have 
maintained important relationships between the Homol'ovi area and the Anderson Mesa area, in that 
exchange could have shifted from nonessential to subsistence goods in times of stress. She suggested 
that such connections would be would be particularly important in the context of Pueblo ID-Pueblo 
IV aggregation and the concomitant shift from village exogamy to village endogamy (Harry 1989:293-
295). 

Chipped Stone Studies at Homol'ovi II 

Analyses of lithic materials from the 1200-room, Pueblo IV site of Homol'ovi II were first 
published by Sullivan and Madsen (1991 ), who presented the results of their examinations of materials 
collected during the 1984 field season (N=4077). Based on collections from 16 surface units outside 
the pueblo and 7 units within the plaz.as, as well as materials excavated from 5 pueblo rooms and an 
"outdoor activity area," Sullivan and Madsen (1991) suggested that the dominant ceramic period 
patterns identified by Olszewski and Simmons ( 1982) and Sullivan and Rozen ( 1985) characterized 
the Homol'ovi II chipped stone assemblage. By comparing percentages of tool types present, and using 
the Sullivan and Rozen system and debitage:tool ratios, Sullivan and Madsen ( 1991: 82-83) discerned 
technological differences between the north and south sides of the pueblo and between room spaces 
and extramural spaces. According to Sullivan and Madsen (1991:82-83), more intensive and more 
varied lithic reduction occurred in the south exterior of the pueblo and the west and central plaz.as 
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compared to the north exterior and the east plaza. In addition, bifaces (not including projectile points) 
were limited to the west plaza, although projectile points were found in rooms and the activity areas 
only. 

Unfortunately, the Sullivan and Madsen analyses are incompatible with all succeeding Homol' ovi 
Research Project analyses. For instance, Sullivan and Madsen (1991:75, 79) combined tools and cores 
in the "tool" category, whereas later analysts have separated tools from cores for more finely-tuned 
interpretations. In addition, Sullivan and Madsen report raw material types and debitage types in 
histogram form only - no counts or percentages are provided Moreover, no breakdown of raw 
materials and artifact types was presented for the cores and tools in the 1984 sample. 

The 1991-1993 Field Seasons 
Between 1991 and 1993, at Homol'ovi II (AZ J:14:15 [ASM]), the Homol'ovi Research Program 

completely excavated 13 rooms and 3 kivas, partially excavated two Pueblo ill pit houses that underlie 
the pueblo, tested 2 rooms and 2 kivas, and excavated a large section of the south extramural area 
termed "the ramada." In addition, small trenches and test excavations were initiated within the west 
and central plazas, as well as just outside the north wall of the pueblo, adjacent to the central plaz.a 
(Adams 1994:1-2). An interim report on the analysis of chipped stone artifacts recovered from these 
areas is presented below. 

The Inventory Analysis 
Homol' ovi Research Project lithic analysts employ a two-stage examination of chipped stone 

artifacts that consists of an inventory level evaluation and an indepth analysis. The purpose of the 
inventocy analysis is to broadly characterize different deposits in terms of the relative percentages of 
different raw materials and artifact types present. In addition, such basic data highlight distinctive 
proveniences or subassemblages, allowing the analyst to earmark them for more intensive scrutiny. 
The indepth analysis seeks to further investigate patterns observed as a result of the inventory analysis, 
and to answer additional questions stemming from current theoretical or interpretive issues. This paper 
reports only on the inventory of the Homol'ovi II lithic assemblage, because the indepth analysis of 
Homol'ovi II materials is incomplete. 

The inventory level analysis records provenience data, raw material type, artifact type, and quantity 
of artifacts. At this stage, chipped stone artifacts are separated into three lithic classes: debitage, tools, 
and cores ( see Figure 11.1 for definitions). Debitage are further separated into a number of flake 
completeness categories introduced by Sullivan and Rozen (1985). As mentioned previously, the 
Sullivan and Roz.en system has been criticiz.ed as a means of inferring specific technological activities, 
e.g., core reduction vs. tool production (see Harry et al. 1993; Mauldin et al. 1995). For these reasons, 
specific lithic reduction activities and activity areas are not reconstructed based on variability in 
debitage types. 

Raw Materials 
The analyred sample of the Homol'ovi II assemblage, like all of the other Homol'ovi area chipped 

stone assemblages that have been analyred thus far, is dominated by cherts (81.24 percent; see Table 



226 P. D. Lyons and B. L. Pitblado 

DEBITAGE 

CO!ll)lete Flake: exhibits a bulb of percussion and a platfonn: flake margins are intact 

Brolcen Flake: exhibits a bulb of percussion and a platform: flake margins are not intact (e.g .. proximal end of a flake) 

Split Flake: exhibits a bulb of percussion and a platform: flake split along the strH:ing axis 

Flake Fragment: exhibits a single interior surface created by percussion: bulb and platfonn are absent 

Debris: does not exhibit a (single> bulb of percussion or a (single) platfonn: no single interior surface discernible: 
w,ori entab 1 e shatter 

TOOLS 

Edge-Damaged Piece: unretouched piece exhibiting evidence of use. e.g .. regular . continuous flake scars <usually less than 
approximately 2nm in length> that cover at least approximately 1cm of an edge 

Scraper : tool exhibiting steep . invasive retouch along one or roore edges : retouch creates a fairly fonnally-shaped edge 

General Retouched Piece: tool exhibiting contiguous flake scars (usually greater than approximately 2nm in length) that 
fonn a useable edge at least 1cm in length 

Chopper : a bifacially retouched piece with long flake scars which are usually concentrated along both sides of one edge: 
may show signs of battering 

Projectile Point: bifacially "'°riced tool with probable hafting roodification 

Biface: artifact with flake scars on both surfaces . along al 1 edges: often lenticular in cross-section and diarond-shaped 
in plan view 

Drill/Projection: an artifact with a projection that is retouched and/or exhibits evidence of utilization 

Wedge: artifact with flake scars on opposite ends: often exhibit signs of battering on one or both ends: often burinated 

Peclcingstone: an artifact with heavy. step-like battering: edge(s) may be bifacially or unifacially retouched 

Hanrnerstone: an artifact wttich exhibits areas of concentrated battering: battering is finer than that associated with 
peck i ngstones 

Core: exhibits at least two flake scars longer than approximately 2cm each: bulb of percussion and striking platfonn are 
absent 

Flake Core: exhibits a bulb of percussion and a platfonn. as we! I as at least two flake scars longer than approximately 2cm 
each 

Core/Retouched Piece: artifact that exhibits the characteristics of both a core and a retouched piece 

OTHER ARTIFACTS 

Tested Nodule : a ll.rnp of raw material from wttich only one flake has been reiooved 

Fire-Cracked Rocle: shatter that exhibits signs of heating. e.g .. spalling. cracking. potlidding . crazing. discoloration 

1Adapted from Sullivan and Rozen (1985) and Young and Harry (1989) 

Figure 11.1 Chipped stone artifact type definitions. 
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11.1). These cherts vruy greatly in terms of color, texture, and nodule size. All, however, are believed 
to be derived from Shinarwnp gravels exposed nearby (Lange 1994; Sullivan and Madsen 1991 :76-77). 

The second most represented material type is petrified wood (8.54 percent), which occurs at 
Homol'ovi II in two forms: a coarse variety with incipient fractures, and a fine-grained variety with few 
flaws and excellent flaking characteristics. Most of the petrified wood in this assemblage is of the 
latter variety and, according to Sullivan and Madsen (1991:76-77), was probably procured locally from 
nearby exposures of the Shinarump Conglomerate as well. 

The third most represented raw material group is quartzite ( 5 .55 percent). The quartzites recovered 
at Homol'ovi II are assumed to be local in origin as well, most likely being procured from the same 
sources as the cherts and petrified wood (Sullivan and Madsen 1991:76-77). Obsidian comprises 3.86 
percent of the assemblage. Based.on this material's color and texture, it is most likely derived from 
the Government Mowitain source, approximately 125 km west of Homol'ovi II ( chemical tests sourced 
approximately 95 percent of the obsidian recovered from nearby Homol'ovi ill to Government 
Mowitain; see Harry 1989). The remainder of the assemblage is made up of relatively small quantities 
(less than 1 percent each) of chalcedony, non-obsidian igneous materials (labelled "igneous" in tables) 
sandstone, and unidentified materials (labelled "other" in tables). 

Material Types and Material Classes 
Below, chert, petrified wood, and chalcedony are considered together as material class 1 ("fine

grained"). Material class 2 ("coarse-grained") consists of all quartzites, and material class 3 ("no 
grain") encompasses obsidian. The material types "other," "igneous" and "sandstone" are not included 
in any of the material classes and are not discussed below, because they are represented in such 
miniscule frequencies. 

Considering all depositional contexts together, it is possible to comment on the general use of raw 
material classes at Homol'ovi II. It is evident that artifact types tend to be associated with particular 
material classes ( also see Lange 1994 ). Fine-grained materials were used for informal and formal 
tools, but rarely for manufacturing tools, whereas quartzites were favored 35:1 over fine-grained 
materials for the production of hammerstones and peckingstones. Obsidian was reduced into both 
infonnal and fonnal tools, but it was apparently never used to manufacture other stone tools. Its brittle 
nature undoubtedly precluded such a use. Obsidian was, however, the only raw material retouched into 
wedges. In addition, obsidian was over six times more likely than any other material to be retouched 
into a projectile point, and over four times more likely to have been used to manufacture a biface. 

At Homol'ovi II, obsidian cores are rarer than might be expected ( 1.27 percent of all cores), given 
the overall presence of obsidian artifacts at the site (3.86 percent). This fact can be interpreted in a 
mnnber of ways. It could suggest that obsidian was transported from the Flagstaff area in finished, or 
at least partially reduced form ( such as large flakes), such that cores were rarely present and therefore 
rarely discarded at the site. It is also possible that what are currently called wedges by Homol' ovi 
Research Project lithic analysts are actually exhausted obsidian cores. Currently these objects are 
subsumed tmder the "formal tool" heading ( coding them as cores increases the percentage of obsidian 
cores to 2.56 percent). The possibility that wedges are cores has been proposed before (Bruce B. 



Table 11.1 
Summa!X of Homol'ovi II lithic assemblage. 

iJlw Chalcedony Quartzite i,ue0us fW004 Qhsidian Wlw: ~ 
....... DEBITAGE .... _ ..... % ............ N ........... %·····-····N············%··········N············o/o·····-···N······· .... % .... _ ..... N ..... -........ % ........... N ..... _ ...... % .......... N .......... % ........ N ........ Total ... .. 

Complete Flake 84.37 4139 0.45 22 

Broken Flake 82.27 1425 1.04 18 

Split Flake 

Flake Frag 

Debris 

80.04 393 0.61 

81.19 1787 0.41 

75.81 1545 0.39 

3 

9 

8 

5.42 266 

4.39 76 

8.96 44 

5.22 • 15 

3.97 81 

0.00 0 6.56 322 

0.00 0 8.31 144 

0.00 0 6.52 32 

0.00 0 7.54 166 

0.00 0 14.18 289 

2.89 142 

3.81 66 

3.67 

5.41 

18 

119 

5.40 110 

0.3. 

0.17 

0.20 

0.23 

0.05 

15 0.00 0 4906 

3 0.00 0 1732 

0.00 0 491 

5 0.00 0 2201 

0.20 4 2038 

.... Spall ......................... 33.33 ............. •.1 ...... 0.00 ......... o ...... 58.82 ......... 30 ........ 0.00 ....... o ........ 7.84 ........... 4 .......... o.00 ............ 0 ........ 0.00 ......... 0 ...... 0.00 ........ 0 ............ 5.1 ... .. 
Subtotal 81.49 9306 0.52 60 5.36 612 o.oo O 8.38 957 3.98 455 0.22 25 0.04 4 11419 

.... TOOLS ............... _ ......... % .............. N ......... % ......... N ... ........ % ........... N ........... % ...... N ............ % ........... N ............. % ........... N .. ......... % ........ N ......... % ...... N .. ..... Total ... . 
Edge Damaged 

Scraper 

Retouched 

Chopper 

Projectile Pt 

Biface 

Drill 

Wedge 

Peckingstone 

82.53 

85.71 

83.39 

66.67 

52 .• 7 

60.00 

75.00 

0.00 

20.00 

907 0.55 

18 0.00 

256 0.65 

2 33.33 

12 13.04 

18 3.33 

3 0.00 

0 0.00 

8 0.00 

6 1.27 

0 

2 

I 

3 

4.76 

2.93 

0.00 

0.00 

0.00 

0 0.00 

0 0.00 

0 80.00 

14 

9 

0 

0 

0 

0 

0 

32 

0.00 0 11.65 

4.76 

0.00 0 

0.00 0 

0.00 0 

4.76 

8.47 

0.00 

8.70 

0.00 0 16.67 

0.00 0 25.00 

0.00 0 0.00 

0.00 0 0.00 

128 

26 

0 

2 

5 

3.64 

0.00 

4.56 

0.00 

26.09 

20.00 

I 0.00 

0 100.00 

0 0.00 

40 

0 

14 

0 

6 

6 

0 

9 

0 

0.36 

0.00 

0.00 

0.00 

0.00 

0.00 

0.00 

0.00 

0.00 

4 0.00 0 

0 0.00 0 

0 0.00 0 

0 0.00 0 

0 0.00 0 

0 0.00 0 

0 0.00 0 

0 0.00 0 

0 0.00 0 

1099 

21 

307 

3 

23 

30 

4 

9 

40 

.... Hammerstone ......... 23.91 ........... ..1.1 ...... 0.00 ......... o ...... 71.74 ......... 33 ........ o.oo ....... o ........ 2.,17 ............ 1 .......... 0.00 ............ 0 ......... 2._l 7 ........ ..1. ...... 0.00 ....... o ............ 46 .. .. 
Subtotal 78.07 1235 0.82 13 5.62 89 0.06 1 10.37 164 4.74 75 0.32 5 0,00 0 1582 

.... CORES ......................... % .............. N .......... % ........ N ........... % .......... N ........... % ...... N ............ % ........... N .............. % ........... N ........... % ........ N ......... % ....... N ...... Total .. .. 
Flake Core 

Core 

Core-tool 

Subtotal 

87.39 97 0.00 

82.99 , 483 0.00 

81.82 

83.66 

9 0.00 

589 0.00 

0 3.60 

0 

0 

0 

6.18 

0.00 

5.68 

4 

36 

0 

40 

0.00 0 

0.17 

0.00 0 

0.14 

5.40 

9.62 

9.09 

8.95 

6 

56 

63 

3.60 

0.69 

9.09 

1.28 

4 

4 

1 

9 

0.00 

0.34 

0.00 

0.28 

0 0.00 0 

2 0.00 0 

0 0.00 0 

2 0.00 0 

111 

582 .. 

11 

704 
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~ Chalce4°nx Quartzite ivue00s PWood Qhsidiap wiw· ~ 
OTHER % N % N % N % N % N % N % N % N Total 

..... ~.r.tjf.~~t.'f.Y.P.~.~ ... ........ .. ... .. .............. .. .... ................................................................ ......... ........ ..... ....... .. .. .................... ................................ ...... ....... .. ........... .. ........... .... ..... .. ............... . 
Tested Nodule 80.77 42 0.00 0 11.54 6 0.00 0 5.77 3 0.00 0 1.92 0.00 0 52 

Fire-cracked 
Rock 83.50 162 0.00 0 13.92 27 0.00 0 2.06 4 0.00 0 0.00 0 0.52 I 194 •••• • ••••••• • ••••••••• ,,. • ••••• • ••••••• •• •••••••••••• - .......... ... .. .... ... ... . ....... .. ..... . .. .. ...... . . - . ... .. . .. .. . - • - ••••••• - • • • • •• • • •• ••• •• - ••• • • • ••• - . . ..... . .. . ................. . . .. .. ... .. . .. ... .... -- .... . .... . .... ... . . . . .. . . ... .... - . . .. . ..... . ....... . .. . ... ... ... . . ... . ... - • •••• ••• • • - • • ■ •• 

Subtotal 82.93 204 0.00 0 13.41 33 o.oo 0 

TOTAL 81.24 11334 0.52 73 5.55 774 0.01 2 

2.84 

8.54 

7 

119 
1 

0.00 0 

3.86 539 

0.41 1 0.41 1 246 

0.24 33 0.04 5 13951 
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Huckell, personal cormmmication 1989; cited in Young and Harry 1989:280) and should be considered 
a viable working hypothesis. 

A third possible explanation for the low percentage of obsidian cores at Homol'ovi II, is that 
obsidian cores are scarce because prehistoric knappers removed flake blanks until the core was nearly 
exhausted and then retouched the remaining mass into a projectile point. Brown proposed such a 
sequence of events as an explanation for a similar pattern he observed in the Anderson Mesa area 
(1990:199). This hypothesis is supported by the fact that at Homol'ovi II a disproportionate number 
of projectile points (26.09 percent) and bifaces (20.00 percent) are indeed manufactured of obsidian. 

Future analyses will permit more systematic investigation of Brown's ideas regarding differences 
between assemblages from "obsidian procurement centers" and "recipient sites." As mentioned above, 
assemblages from these two types of sites are hypothesized to differ in terms of the proportions of 
different artifact types present, and debitage size and cortex coverage (see Brown 1990:197-202). 
These last two variables, as well as platform characteristics, will be recorded during the indepth phase 
of analysis. Based on the projectile point, biface, and core data discussed above, as well as 
unquantified observations of the debitage, it appears that the obsidian assemblage from Homol'ovi II 
more closely resembles Brown's model of recipient sites than his model of procurement centers. In 
addition, the spatial distnbution of obsidian ( discussed below) suggests that this material was acquired 
by the inhabitants ofHomol'ovi II through the same low-level, informal, household exchange inferred 
by Harry (1989) for Homol'ovi ID. 

Lithic Classes and Artifact Types 
The dominant class of artifacts in the Homol'ovi II assemblage is debitage (81.85 percent); 

complete flakes accounted for 42.96 percent of the debitage. Tools account for the next largest portion 
of the Homol'ovi II sample, and cores account for the rest. 

By far, the most frequently encountered tools in the assemblage are "informal'' - general retouched 
pieces and edge damaged pieces. Formal tools, including scrapers, bifaces, drills, and projectile points, 
make up a relatively small portion of the tool assemblage (less than 6.00 percent total), and 
manufacturing tools - peckingstones and hammerstones - account for the remainder. If formal tools 
were being produced and used in significant numbers by prehistoric residents of Homol'ovi II, they 
were usually discarded or lost elsewhere, as evidence for their presence on site is minimal. Nearly 70 
percent of the tools recovered from Homol'ovi II are edge-damaged pieces - nothing more than 
wrretouched flakes that were used ''as is.'' Future indepth analyses of the tools will attempt to identify 
which performance characteristics in particular were sought by prehistoric occupants of Homol'ovi II 
when they chose unmodified flakes and informally retouched flakes for use. 

The overwhelming majority (82.67 percent) of cores were placed in the "simple core" category. 
The second most numerous category was "flake core", and a very small percentage of pieces were 
assigned to the core/retouched piece category. As for the dominant reduction technology practiced at 
Homol'ovi II, all available evidence (i.e., core and tool types recovered, intuitive assessment of 
average flake size and shape) suggests that the site's inhabitants favored hard-hammer direct 
percussion. The above description places the Homol'ovi II assemblage squarely within the 
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technological pattern expected of neolithic villagers (see Olszewski and Simmons 1982; Parry and 
Kelly 1987; Young and Harry 1989). 

Spatial Patterns in the Homol'ovi II Lithic Assemblage 

Below, the depositional contexts of chipped stone artifacts in the Homol'ovi II assemblages are 
considered. Occupational surfaces, general ( undisturbed) fill, and feature fill are differentiated and 
compared because it is assumed that they may represent different prehistoric behaviors. 

Material Types and Material Classes 
Occupational surfaces, general fill and feature fill exhibited similar distributions of material types 

and classes. Although some variability across structures was noted, fine-grained materials accounted 
for the great majority (88.33-90.56 percent) of artifacts recovered :from all contexts, whereas quartzites 
consistently ranked second, and obsidian was least frequent (see Table 11.2). 

Lithic Classes 
Whereas raw material class variability was relatively subtle, somewhat greater variability was 

evident in the distribution oflithic classes across depositional contexts (see Table 11.3). Although the 
percentages of cores and debitage recovered differed only slightly according to context, tools were 
almost twice as likely to occur in feature fill than on an occupation surface, and 1.7 times more 
common in feature assemblages than in general fill. 

Variability Across Structures 

Although materials from three extramural areas were analyz.ed and appear in the site totals recorded 
herein, the discussion immediately below is restricted to structures. The extramural areas are briefly 
juxtaposed in the following section 

Structures were assigned, on the basis of architecture, location, and features, one of four inferred 
functions: habitation, storage, kiva, and non-kiva ceremonial. By comparing the distribution of 
chipped stone artifacts across depositional contexts within structures, a number of patterns were 
observed. Although each of the structures studied yielded lithic artifacts from general fill contexts, 
6 occupational surfaces out of 19 structures were devoid of such items, and 10 structures lacked 
chipped stone artifacts in feature contexts (see Table 11.4). Structures lacking floor context lithic 
artifacts span all room fim.ction categories; however, of the nine structures with chipped stone artifacts 
in feature contexts, four are kivas (structures 704, 706, 707, 708), one is a ceremonial room (structure 
710), two are habitation rooms (structures 321 and 558), one is a storage room (structure 711), and one 
is a storage room that appears to have a ceremonial trash deposit ( see Walker 1995, this volume) on 
its floor ( structure 701 ). 

When structures with less than five artifacts in feature contexts are removed from consideration, 
only the four kivas, the ceremonial room, structure 701, and one habitation room (structure 558) 



Table 11.2 
Distribution of lithic raw materials b~ositional context. 

Chert Chalcedon Quartzite Igneous PWood Obsidian Other S stone 

...... CONTEXT ...... ..... % ····- ·· ··· ·N······ -····· % ·· ·-· ···N·· ··-··· ·· % ··· -··· ··N·· ·· ········ %·· ·· ·-·· ·N········· % ......... N·· ··· -······
0
/4 ......... N ..... _ .... . 

0
/4_ ........ N .......... % ......... N ......... Total ....... 

Occupational 
Surface 82.67 1860 0.67 15 6.98 157 0.00 0 6.67 150 2.84 64 0.18 4 0.00 0 2250 

General Fill 81.15 8713 0.48 52 4.98 535 0.02 2 8.94 960 4.14 445 0.23 25 0.05 5 10737 

Feature Fill 78.94 761 0.62 6 8.51 82 0.00 0 8.40 81 3.11 30 0.14 4 0.00 0 964 

TOTAL 81.24 1334 0.52 73 5.55 774 0.01 2 8.54 119 3,86 539 0.24 33 0.04 5 13951 
1 

t -.. 

w 
V-.J 
w 
~ 
~ 

~ 
C 

~ 

t 
~ 
~ 
'",:, 

s: 
S' 
~ 



Chipped Stone Research in the Middle Little Colorado River Valley 233 

Table 11.3 
Distribution of lithic classes by depositional context. 

Debitage Tools Cores Other 
Am{am 

...... CON'fEXT ............... %·····-·········N ······-········ % _______ ..... N ...... -....... % ···-·······N ·· ·· -- -··- ···%··--·-·--·---N-- -----·--· TOT~-----

Occupational 
Surface 82.71 1861 9.82 221 4.35 98 3.11 70 2250 

General Fill 82_39 8846 11.00 1181 5.14 552 1.47 158 10737 

Feature Fill 73_86 712 18.67 180 5.60 54 1.87 18 964 

TOTAL 81.85 11419 11.34 1582 5.05 704 1.76 246 13951 

remain. An interesting complement to the above finding is that only 7 structures, out of 19, yielded 
tools from feature contexts. Three of these are kivas listed above ( structures 704, 706 and 708), one 
is the ceremonial room listed above, and one is structure 701. The remaining two structures are 
habitation rooms, structures 321 and 558, each yielding only one tool from a feature context. In 
addition, three kivas, structures 704, 706 and 708, and structure 701 were the only structures to yield 
cores from feature contexts. These facts taken together suggest that kivas and ceremonial rooms may 
have experienced unique abandonment processes (i.e., ceremonial trash deposition) that included the 
purposeful filling of features, such as ventilator shafts, and structures with utilitarian and ritual items 
(see Walker, this volume). The hypothesis that this group of structures witnessed such abandonment 
rituals is supported by the fact that structures 701, 704, 706, and 708 have yielded faunal assemblages 
that distinguish them from other :fimctionally-defined groups of structures ( see Strand and McKim, this 
volume). 

Raw Materials 
Although the spatial distribution of raw materials was fairly uniform in that chert dominated the 

assemblages from all structures and extramural areas, and none of the major raw materials (including 
obsidian) was restricted to any :fimctionally, spatially, or temporally defined group of structures, some 
variability was observed (see Table 11.5). 

Six structures failed to yield obsidian: three habitation rooms ( one of which is a Pueblo II-Pueblo 
ID pit structure, structure 1111) and three storage rooms. However, this group of structures includes 
those with the smallest assemblages recovered - each yielded 50 or less artifacts total (half yielded less 
than 15 artifacts total) whereas the mean assemblage size in this sample is 619. Based on this sample, 
there is no evidence to suggest that access to obsidian was restricted at Homol'ovi II. 

Although petrified wood accounts for 8.54 percent of the Homol'ovi II assemblage as a whole, it 
comprises a much higher percentage (17.78-29.38 percent) of the collections from structures 557, 558, 
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Table 11.4 
Distribution of chipped stone artifacts by structure/area at1d depositional context. 

Occupational General Feature 
S111f1" EiU Eill 

....... STRU~AREA ........ FUNCI1ON ............. % ·····-····· ··N ····-··········%······--······N ····-········· % ····-······N ......... TOTAL ..... 

Central Plaza Extrammal 15.50 217 83.57 1170 0.93 13 1400 

West Plaza Extrammal 13.08 146 84.95 948 1.97 22 1116 

Str 1111 Habitation1 0.00 0 100.00 47 0.00 0 47 

Str2222 Habitation1 3.23 4 96.77 120 0.00 0 124 

Str 320 Habitation 0.00 0 100.00 6 0.00 0 6 

Str 321 Habitation 31.25 25 63.75 51 5.00 4 80 

Str 322 Habitation 0.00 0 100.00 20 0.00 0 20 

Str 557 Storage 0.52 1 99.48 193 0.00 0 194 

Str 558 Habitation 3.34 38 94.72 1077 1.93 22 1137 

Str 584 Habitation 21.95 27 78.05 96 0.00 0 123 

Str 634 Storage 0.00 0 100.00 11 0.00 0 11 

Str 636 Storage 0.00 0 100.00 14 0.00 0 14 

Str 701 Storage2 21.67 122 66.25 373 12.08 68 563 

Str 702 Storage 3.70 5 96.30 130 0.00 0 135 

Str 703 Storage 24.18 22 75.82 69 0.00 0 91 

Str 704 Kiva 0.00 0 70.37 152 29.63 64 216 

Str 706 Kiva 1.97 17 57.38 494 40.65 350 861 

Str 707 Kiva 1.21 16 %.58 1272 2.20 29 1317 

Str 708 Kiva 33.41 1257 61.08 2298 5.50 207 3762 

Str 710 Ceremonial 12.26 19 84.52 131 3.22 5 155 

Str 711 Storage 16.00 8 82.00 41 2.00 1 50 

Ramada Extramural 12.89 326 80.03 2024 7.08 179 2529 
1P 11-P ID pitstructw-e m1derlying P N occupation at Homol'ovi II 
2Structw-e appears to have a ceremonial trash deposit on its floor 



Table 11.5 

Distribution of material tyees recovered from structures and extramural areas at Homol'ovi 11. 

Chert Cb11ll;eduu1 iJIHU:&lii&e IKDGIHH I! ~uud ilb~idiuu il&b1a: S ~,uue 

STRUCTURE/ % N % . N % N % N % N % N % N % N Total 

............ AREA ............................................................................................................................................................. ...... ......... ... .......................................................................................
...... 

Central Plaza 87.86 1230 0.36 5 5.36 75 0.07 1 3.64 51 2.43 34 0.00 0 0.29 4 1400 

West Plaza 85.93 959 0.36 4 4.93 55 0.00 0 4.57 51 4.12 46 0.09 1 0.00 0 1116 

Str 1111 74.47 35 2.13 1 12.77 2 0.00 0 10.64 5 0.00 0 0.00 0 0.00 0 47 

Str 2222 84.68 105 0.81 1 7.26 9 0.00 0 6.45 8 0.81 1 0.00 0 0.00 0 124 

Str 320 100.00 6 0.00 0 0.00 0 0.00 0 0.00 0 0.00 0 0.00 0 0.00 0 6 

Str 321 77.50 62 0.00 0 7.50 6 0.00 0 7.50 6 7.50 6 0.00 0 0.00 0 80 
Q 
~-
"G 

Str 322 16 0 10.00 80.00 0.00 2 0.00 0 10.00 2 0.00 0 0.00 0 0.00 0 20 ~ 
$::).. 

Str 557 56.70 110 0.00 0 6.19 12 0.00 0 29.38 57 7.73 15 0.00 0 0.00 0 194 ~ 
C 
~ 

Str 558 66.05 751 0.09 1 5.63 64 0.00 0 25.24 287 2.90 33 0.09 1 0.00 0 1137 ~ 

~ 

Str 584 88.62 109 0.00 0 4.07 5 0.00 0 1.63 2 4.88 6 0.81 1 0.00 0 123 ~ 

~ 
Str 634 72.73 8 0.00 0 9.09 1 0.00 0 18.18 2 0.00 0 0.00 0 0.00 0 11 

~ 

Str 636 78.57 11 0.00 0 0.00 0 0.00 0 21.43 3 0.00 0 0.00 0 0.00 0 14 s· 
s. 

78.33 441 7.10 Str 701 0.18 1 40 0.00 0 10.12 57 4.09 23 0.18 1 0.00 0 563 ~ 

Str 702 65.19 88 0.00 0 14.81 20 0.00 0 17.78 24 2.22 3 0.00 0 0.00 0 135 ~ 
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..... 
~ 
~ 
't 

Str 711 84.00 42 0.00 0 6.00 3 0.00 0 10.00 5 0.00 0 0.00 0 0.00 0 50 ~ 

Ramada 76.83 1943 0.28 7 6.56 166 0.04 1 10.60 268 5.02 127 0.67 17 0.00 0 2529 ~ 
t\J 
v..> 
vi 
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and 702 - three contiguous structures in the south roomblock of the central plaza. In fact, the petrified 
wood recovered from these structures together accounts for 31. 00 percent of the petrified wood 
recovered from Homol'ovi II. Interestingly, the majority ofthis material (95.82 -100.00 percent) is 
derived from general fill. In additio~ these structures have yielded faunal assemblages which 
distinguish them from other rooms at Homol'ovi II ( see Strand and McK.im; this volume). These facts, 
taken together, suggest that these rooms may have experienced abandonment behaviors similar to 
those inferred for the kivas at Homol'ovi II. 

Extramural Areas 

The central plaza, the west plaza, and the ramada area - a roofed area along the exterior wall of the 
south roomblock of the central plaza - are characterized by chipped stone assemblages that are broadly 
similar to each other and fairly similar to those recovered from the structures discussed above in terms 
of the proportions of different raw materials and the types of artifacts recovered. However, the ramada, 
just south of structures 557, 558, and 702, yielded twice the percentage of petrified wood recovered 
from either of the other two areas. This figure accounts for 22.50 percent of the petrified wood 
recovered from Homol'ovi II. The ramada also boasts the largest obsidian assemblage ( in terms of 
number, not percentage) recovered from any area in the Homol'ovi II sample, accounting for 23.56 
percent of the obsidian present. In additio~ unlike the central and west plazas, a high percentage of 
tools were recovered from feature contexts in the ramada area (7.47 percent). Also, 9.03 percent of 
the cores recovered from the ramada were in feature contexts, whereas the feature deposits in the other 
two areas were devoid of cores. In these respects, the ramada area is more similar to the kivas 
discussed above, than to the central and west plazas. 

Summary and Concluding Remarks 

In summary, chipped stone research in the middle Little Colorado River valley has a long and 
interesting history. These studies have played important roles in debates about pre-projectile point 
stages, the determinates of the organization oflithic technology, the adaptive diversity model (Upham 
1984), the Sullivan and Rozen (1985) debitage typology, and the role oflithic raw material and tool 
exchange in Pueblo III-Pueblo IV aggregation. This interim report is aimed at situating the Homol'ovi 
II chipped stone assemblage within the context of this history of research, going beyond the "formal 
vs. expedient" dichotomy (see Lyons 1994) to look at puebloan lithic assemblages in new ways. 

The Homol'ovi II assemblage as a whole is typologically similar to assemblages recovered from 
other Pueblo III-Pueblo IV pueblos in the area, including Homol'ovi III (AZ J:14:14 (ASM); Young 
and Harry 1989) and Puerco Ruin (AZ Q:1:22 (ASM); Burton and Vint 1990), in that debitage 
accounts for over 80 percent of the chipped stone artifacts recovered, informal tools ( edge damaged 
pieces or utilized flakes, and informally retouched pieces) account for the great majority ( over 80 
percent) of the tools recovered, and projectile points and bifaces are the formal tools most frequently 
recovered However, some interesting spatial variability, apparently unrelated to chipped stone tool 
manufacturing and use, has been documented. 

Although discard patterns possibly related to abandonment ritual have been observed, developing 
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a better understanding of the Homol'ovi II chipped stone assemblage will require more analysis. In 
order to accomplish this goaL we intend to focus on three key research questions in future Homol' ovi 
Research Program investigations: 1) What are the technological characteristics of the Homol'ovi II 
assemblage in terms of platform types, cortex, and artifact size? 2) Do these characteristics vary in 
patterned ways that correlate with functionally-defined classes of structures, e.g., kivas? and 3) Do 
different contexts, e.g., floors, features, fill, within the structures of Homol'ovi II exhibit patterned 
variability? (In addition, we plan to better integrate our chipped stone analyses with analyses of other 
artifact classes.) The answers to the above questions should help middle Little Colorado River 
archaeologists build better models of aggregation, economic integration, and site abandonment 
processes during the Pueblo IV period 
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Chapter Twelve 

THE LITTLE COLORADO RIVER, FARMING, AND 
PREHISTORY IN THE HOMOL'OVI AREA 

Richard C. Lange 
Arizona State Museum 
University of Arizona 

Introduction 

As Judge (1989: 212) has noted in reference to the San Juan Basin: "though one can place too 
much emphasis on environmental determinis~ it would also be naive to assume that sociocultural 
development in the Basin took place in the absence of environmental constraints." The same is true 
for the Little Colorado River Basin and the Homol'ovi area. After ephemeral uses of the landscape in 
the Paleoindian and Archaic periods, the Homol'ovi area was occupied intermittently between 
approximately AD. 600 and 1400 (Lange n.d). 

The dominant feature in the landscape in the Homol'ovi area is the Little Colorado River. The 
history of the river and climatic regimes define the parameters of the human history of the area. This 
paper will examine the Little Colorado River, the nature of prehistoric fanning in the Homol'ovi area, 
and the relationships of occupation at Homol'ovi to the streamflow patterns reconstructed for the Little 
Colorado River (Van West, this volume). Data for this discussion were compiled by the Homol'ovi 
Survey between 1985 and 1989 (Lange n.d). The Homol'ovi survey was conducted by the Homol'ovi 
Research Program of the Arizona State Museum, University of Arizo~ in the area of the Homolovi 
Ruins State Park near Winslow, Arizona. The 1985 and 1986 field seasons were funded with the 
assistance of a matching grant-in-aid from the Department of the Interior, National Park Service, under 
provisions of the National Historic Preservation Act of 1966 as amended and as administered in 
Ariz.ona by the Arizona State Parks Board through the State Historic Preservation Officer. The other 
seasons were supported through internal funding and through the participation of Earthwatch 
volunteers. 

The Little Colorado River and the Homol'ovi Area 

Normal annual precipitation in the Homol'ovi area is approximately 208 mm (8.1 in) (USDA, SCS, 
ERS, and USFS 1981 ). The Homol'ovi area differs from areas to the north and south that have other 
sources of water, that is, Homol'ovi lacks the geological layers and faults that create springs and seeps, 
such as along the Mogollon Rim. The mesas and buttes are also small, so that there is little mass to 
supply springs, as in the case of the springs in the Hopi Mesas which are supplied by excellent intake 
areas on the mesas where the villages are located (Hack 1942: 13). There is only one spring noted in 
the vicinity of the Homolovi Ruins State Park area, located on the west side of the river in the mesa 
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edge west ofHomol'ovi IV. 

Water in the Homol'ovi area is therefore dependent upon what rain falls locally and what rain is 
collected in the Little Colorado River Basin. The Little Colorado River Basin is 394 km (245 mi) long 
by 254 km (158 mi) wide, and contains 17.2 million acres or 69,837 sq km (26,964 sq mi). Most of 
the Little Colorado River Basin lies in Arizona (21,667 sq mi)(USD~ SCS, ERS, and USFS 1981: 1-
1 ). Higher elevations surround the Little Colorado River Basin, ranging from over 2438 m (8000 ft) 
on Black Mesa to the north and the Mogollon Rim to the south, to the highest point in Arizona on the 
west, the San Francisco Peaks at over 3810 m (12,500 ft). At the confluence of the Little Colorado 
River with the Colorado River, the elevation is 831 m (2725 ft). 

The main stem of the Little Colorado River is about 402 km (250 mi) long, dropping over 1920 m 
( 6300 ft) from its headwaters in the White Mountains to its confluence with the Colorado River 
(USDA, SCS, ERS, and USFS 1981: 3). The Homol'ovi area is located approximately 138 km (85 mi) 
upstream from the mouth of the Little Colorado River, and just downstream from the confluences of 
several major side streams (Figure12.1). Of the 18 side drainages or sub-basins defined by the Arizona 
State Parks Board and National Park Service (1990) for the Little Colorado River Basin, 11 are located 
upstream from the main cluster of Homol'ovi pueblos. These 11 sub-basins occupy approximately 50 
percent of the area of the Little Colorado River Basin lying in Arizona. Four of the downstream sub
basins flowing from the northeast ( from the Hopi Mesas) contribute little to the surface discharge in 
the Little Colorado River. Much of the flow from these stream courses, such as Dinnebito, Oraibi, and 
Polacca washes, nms into the sand not far from the mesas and seldom reaches the main channel of the 
Little Colorado River as surface flow. 

The greatest amounts of water discharged through the Little Colorado River Basin are contributed 
by the headwaters and the streams that flow into the river from the south. The area along the southern 
edge of the basin has the largest mass of high elevations and consequently the highest precipitation 
in the fonn of either rain or winter snow. Precipitation in the lower parts of the Little Colorado River 
Basin, including the Homol'ovi area, averages 20 to 25 cm (8 to 10 in), whereas the higher elevations 
average 51 to 76 cm (20 to 30 in). 

A Jmticular feature of the Little Colorado River in the Homol'ovi area is the broad floodplain, up 
to 4 km (2.5 mi) across at the widest point. At no other location along the river is the floodplain this 
broad. The cause of the broadening of the floodplain seems to be a shelf of bedrock, part of the 
Moenkopi Formation, that the river has not yet cut through in this portion of the basin. Another benefit 
of this shelf is that it keeps the water table high, at least to a point somewhere between Homol'ovi I 
and Homol'ovi Il, where surface flow disappears, even when there is moderate surface flow just 
upstream. 

Other than the floodplain, the aspects of the environment of the Homol'ovi area that are important 
to the present discussion are the side valleys and sand dune areas. The soils of the side valleys along 
the river are derived from several sources: the erosion of the Chinle, Shinarump, and Moenkopi 
formations, and materials (sands, clays, and silts) deposited by the river. The stabilized and active sand 
dunes that occur in the valley bottoms and on the terraces result from wind-deposited floodplain 
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sediments. Active and stabilized dunes occur throughout the Homol'ovi survey area, but principally 
on the north and east side of the river (Figure 12.2). Hoe Valley was an important agricultural area, 
and was named for the numerous hoes found there (Lange 1989: 202). Hoe Valley is at the mouth of 
the largest side valley, Basin E (Lange 1994: Table 7.16 and Fig. 7.17), and was the side valley most 
intensively used prehistorically. Compared to other side valleys, Hoe Valley has the greatest number 
ofloci (Lange 1994: Fig. 7.3), field houses (Lange 1994: Fig. 7.2), and hoes (Lange 1994: Fig. 6.23). 
As noted, Hoe Valley is the largest side valley, with the greatest amount of run-off available, and a 
combination of clay soils capped by sand dtmes that are ideal for dry-farming (Hack 1942). Other side 
valleys in the Homol'ovi area are smaller, with less available run-off, and lack the combination of 
dunes and clay soils. 

Parameters of Farming in the Homol'ovi Area 

Hack (1942) provides a thorough description of Hopi agriculture as practiced at the Hopi Mesas, 
96 km (60 mi) to the north ofHomol'ovi. The Hopi Mesas area is higher, wetter, and has a shorter 
growing season than the Homol'ovi area (Hack 1942: 6-8), but there are many parallels in the 
circumstances under which crops can be raised. Rack's study indicates the practice of agriculture in 
this region is dependent on the interplay of three principal variables: the length of the growing season, 
the availability of water, and the physiography. 

The growing season in most of the Little Colorado River Basin is adequate for maize agriculture 
(about 120 days) (Carter 1945: 88-89; Hack 1942: 23; Schoenwetter and Eddy 1964: 120). In the 
Homol'ovi area, the growing season averages 150 to 180 days (Hack 1942: 8). Although having an 
ideal growing season, the Homol'ovi area has only 8.1 inch annual precipitation. Precipitation arrives 
in several ways during the year. Winter storms, bringing either snow or rain, tend to be gentler and to 
drop their moisture over a broad area. Such storms are critical for providing moisture to the soil that 
can last for extended periods of time. The summer storms, critical for sustaining the growth of crops, 
tend to be more localized, brief, and often violent The summer storms are more unpredictable in their 
duration, intensity, and location. An already marginal agricultural situation would be exacerbated 
when precipitation falls to below normal levels. 

The Homol'ovi area, though, has a buffering mechanism when it comes to water availability-the 
Little Colorado River. As described above, the location of the Homol'ovi area along the Little 
Colorado River is advantageous for several reasons. Summarized briefly, these are: the floodplain is 
wider here than at any other point along the river; bedrock is just below the river bed, a high water 
table is maintained tmtil north of Homol'ovi I; more than 50 percent of the Little Colorado River Basin 
is upstr~ meaning the Homol'ovi area receives the benefit of the run-off from this large region; and 
the majority of the side streams also occur upstream from Homol'ovi, including several that enter the 
Little Colorado River in the Homol'ovi area (Figure 12.1 ). Cottonwood Wash is the only major side 
stream entering from the north. It carries water only seasonally after major storms. From the south are 
Clear Creek and Chevelon Creek, both of which head in the much higher precipitation zone along the 
Mogollon Rim and carry water year round in most years. The Little Colorado River, therefore, has 
good supply sources and runs, even in the Homol'ovi area, almost year round. 



The Little Colorado River, Farming, and Prehistory in the Homo/ 'ovi Area 243 

I Mile 

0 I Kilometer 

■ Pueblo 
• Pithouse hamlet 
a Field house 

Homol'ovi ISZ: 

Contour lntervol 40 Feet 

If\ 
N 

I 

Figure 12.2 Locations of sand dunes and various locus types in the Homol'ovi survey area. 
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As Hack (1942: 25) found in the Hopi Mesas, it is the physiography, in conjunction with growing 
season and water availability, that is the final piece of the puzzle in defining the parameters of farming 
in the Homol'ovi area Many of the soil zones and field types Hack (1942: 25-26) defines for the Hopi 
Mesas are applicable at Homol'ovi. The alluvial sandy soils and aeolian soils ( active and ancient 
dunes) identified as critical for agriculture in the Hopi area are also present at Homol'ovi ( see Lange 
1994: Fig. 2.6). The clayey alluvial soils in the two areas are similarly alkaline and generally 
unproductive for crops or vegetation. 

The locations of the appropriate agricultural soils establishes potential field locations of various 
types (for example, Van West 1994b: 20-23). Settings and field types at Hopi (Hack 1942: 26) that 
could also be found at Homol'ovi include floodwater fields ( arroyo mouth and floodplain settings), 
rainfall fields (sand dune dry-farming), and irrigated fields (by diversion of major streams). In the 
Homol'ovi area, floodplain floodwater farming and sand dune dry-farming are expected to be the 
principal agricultural practices. The topography of the Homol'ovi area does not permit the use of the 
bountiful water in the Little Colorado River to irrigate anywhere other than the floodplain. Irrigation 
farming of the floodplain, involving canals to channel the flow, may not have occurred at all and was 
not possible tmtil after AD. 1260 when the population necessary to build and maintain such a system 
was present. 

Floodplain Agriculture 
Floods on the Little Colorado River can be uncontrollable and destructive when the river is 

aggraded. The Mormon experience in the late 1800s (Abruzzi 1981) and the recent floods of 1993 are 
examples of this. Given that the floodwaters on the Little Colorado River are of critical importance 
to the prehistoric inhabitants of the Winslow area, it is useful to understand the dynamics of the 
precipitation and discharge regimes in more detail. Modem records will be used to investigate these 
dynamics. 

The official water-year records compiled by the U.S. Department of the Interior Geological Survey 
for discharge and U.S. Department of Commerce Weather Bureau for precipitation provide a detailed 
record for this southern region of the Colorado Plateaus. A "water-year" (WY) is made up of January 
through September of the calendar year that designates the water-year, and the months October 
through December of the previous calendar year, that is, WY 1951 consists of October through 
December of 1950 and January through September 1951. Figure 12.1 shows the locations of the 
precipitation and discharge gauging stations used in this study. Daily precipitation data were compiled 
from 16 stations and 7 months of several water-years (U.S. Department of Commerce 1950-1988). The 
months of November, January, April, June, July, August, and September were chosen for examination 
in each water-year to pennit comparisons between winter and summer precipitation and drier and 
wetter months. Discharge records (U.S. Department of the Interior 1950-1988) were compiled for the 
same months and years from three stations (Holbrook, Grand Falls, and Cameron). 

Three water-years were chosen for more intensive study (1951, 1956, and 1959). The records are 
most complete for these years, and they present an interesting mixture of positive and negative 
departures from nonnal rainfall (Table 12.1). Normal rainfall and departures are calculated by the U.S. 
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Weather Bureau (U.S. Department of Commerce 1950-1988) based on the total precipitation record 
for a gauging station across all of its years of service. Water-Year (WY) 1951 is a mixture of positive 
and negative departures; WY 1956 and WY 1959 are below normal in precipitatio~ with WY 1956 
being more strongly so. 

Table 12.1 
Monthly departures from normal precipitation for northeastern Arizona (source: U.S. Department 

of Commerce 1950-1988). 
Water-Year (Oct. To Sept.) Montb/Y ear 

1951 November 1950 
January 1951 
April 1951 
June 1951 
July 1951 
August 1951 
September 1951 

1956 November1955 
January 1956 
April 1956 
June 1956 
July 1956 
August 1956 
September 1956 

1959 November1958 
January 1959 
April 1959 
June 1959 
July 1959 
August 1959 
September 1959 

Departure from Normal 

-0.82 
0.07 
0.39 

-0.48 
-0.38 
1.44 

-0.91 

0.02 

-0.03 
-0.01 
-1.04 
-1.30 

-0.04 
-0.91 
-0.01 
0.08 

-0.24 
0.46 

-1.06 

Table 12.2 presents average precipitation data by month and shows that rain occurs in November, 
January, April, and July through September. The greatest number of days with significant and heavy 
precipitation occurs in the summer rainy season, July and August. The specific effects of precipitation 
on discharge were plotted in detail for seven months of each water-year. As an example, Figure 12.3 
shows the discharges for WY 1951, with the flow rate in cubic feet per second ( cfs) plotted at a 
logarithmic scale. 
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Table 12.2 . 
Mean number of days with rain by month for the Little Colorado River basin (Based on 16 

Recording Stations). 

PRE C IP I T A T I ON (P, in inches) 
Pless than Pbetween P greater Years of 

0.1 in 0.1 and 1.0 in than 1.0 Data 
Month N % N % N % Included 

November 28.66 95.5 1.34 4.5 0.00 0.00 6 
January 28.52 92.0 2.38 7.7 0.10 0.30 7 
April 27.93 93.1 2.07 6.9 0.00 0.00 6 
June 29.16 97.2 0.83 2.8 0.01 0.03 6 
July 27.75 89.5 3.18 10.2 0.07 0.20 7 
August 27.10 87.4 3.71 12.0 0.19 0.60 7 
September 28.42 94.7 1.45 4.8 0.13 0.40 6 

From the three water-years, a number of observations about the dynamics of the discharge regime 
are possible. If there are only light rains, a flow of 1 to 10 cfs at Holbrook has a negligible effect at 
Cameron. If the flow at Holbrook is 100 to 1000 cfs, Cameron usually receives this flow in 2 to 4 
days. If the flow is greater than 1000 cfs, Cameron is affected in 1 to 2 days. Heavy rains in the 
Flagstaff area and in the upper basin (Springerville/Showlow area) cause the flow at Cameron to peak 
twice, once within a day or so from the Flagstaff-area run-off, and again a day or two later for the 
discharge arriving from upstream. 

The summer monsoon rains cause rapid and wide fluctuations in flow rates in the middle Little 
Colorado River. Even with the addition of flow loads from Chevelon and Clear creeks, downstream 
from Holbrook, there is a close similarity of the peak flow rates at Holbrook and Grand Falls. The 
surface flow that often disappears north of Homol'ovi I hints that this water may be running into a 
subswface aquifer, some of which is forced to the surface again at Grand Falls. Thus, the Homol'ovi 
area is the last location in the middle Little Colorado River where surface water flows regularly, and 
it is the area where the greatest amomrts of water will be concentrated for short periods of time. In the 
critical summer growing season, when the prehistoric farmers observed storms along the Mogollon 
Rim to the south or upstream to the southeast, they knew they would have a day or two to be fully 
prepared for the floodwaters, and would have several days of higher flows thereafter. The higher flow 
rates could be sustained more consistently in wetter years, but could happen just once or twice in drier 
years. To realize the potential of the floodplain, farming activities and related work parties-would need 
to be effectively managed. 

Sand Dune Agriculture 
Sand dune agriculture is possible even with meager rainfall due to the porosity of the sandy soils. 
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Figure 12.3 Discharge (streamflow) records for Holbrook (hlbdis), Grand Falls (gfdis), and 
Cameron ( camdis) for selected months in water year 1951. 
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The ideal situation is for the sand to act as a dry mulch on top of a less pervious soil. ~This "invites 
absorption of the rain and prevents evaporation of the soil moisture below" (Hack 1 Q42: 32), and 
prevents the water from soaking in too far. Thus, the winter precipitation is critical for establishing 
appropriate moisture levels in the dunes. 

The correlation of these dune areas to the presence of artifact scatters and other loci assumed to be 
related to agriculture, to the locations where hoes were found, and to the field house locations is 
striking (Figure 12.2). The dune areas are also where slabs of sandstone (10 to 20 cm by 20 to 40 cm) 
were often found. Affectionately dubbed "lithoflectors" by the survey crew, these slabs may be 
evidence of brush windbreaks, or may have been used individually to control blowing sands and to 
protect young plants. Such devices are recorded in historic photography, have been observed at the 
Hopi Mesas by the author, and are referenced by Hack (1942: 33). It was on the basis of the presence 
of field houses, hoes, "lithoflectors," and locations relative to the dunes that the many non-habitation 
loci have been assumed to be mostly related to agriculture. 

The dunes on the valley floors and gravel terraces are true dry-farming situations. Only what 
precipitation falls directly on the dunes contributes to the moisture content in the dune. The dunes on 
the floors of the side drainages such as Hoe Valley are prime examples of the sand being used as a dry 
mulch to conserve moisture and permit the growth of crops and vegetation The relatively impervious 
clay that forms the actual valley floor encourages run-off that is then trapped in the sandy areas. The 
potential for run-off floodwater fields and seepage fields in the dunes is limited in the Homol'ovi area 
due to the lack of topographic relief and low frequencies of small drainages that are truly channelized 
and cany water. For instance, there is no central drainage to Hoe Valley; run-off occurs as sheet wash 
across the valley floor. Some fields may have occurred in the dunes that form along the edges of the 
major side valleys. The ideal field locations in such cases may be at the base of the dune where 
moisture accumulates from upslope. 

Com is the major crop believed to be grown in the Homol'ovi area in prehistoric times. Various 
beans and squashes were also cultivated (K.. Adams, this volume; Miksicek 1991). Such crops were 
probably grown at the margins of the floodplain and in the dune areas. During the period from about 
AD. 1260 to 1400, cotton was an important crop (Adams 1989b: 188, 1989b: 222; K. Adams, this 
volume; Miksicek 1991) serving perhaps as the principal exchange commodity with settlements to the 
north, southeast, and southwest. Cotton requires more water and tolerates alkalinity (Adams 1989b: 
188; Hughes and Henson 1930: 129), making it an ideal crop for the floodplain. During this period, 
there was possibly a clear distinction between the com and cotton farming areas. 

Paleoenvironmental Reconstructions, Climatic History, and Occupation at 
Homol'ovi 

Histoiy of Occupation at Homol' ovi 
Because farming is believed to be the principal reason for occupation in the Homol'ovi area after 

AD. 600, environmental reconstructions such as those by Kolbe (1991), Van West (1993, 1994b, this 
volume), Dean (1988b), Dean and others (1985), Euler (1988), Euler et al. (1979), and Gumerman 
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( 1988b) can be used to inform on potential periods of occupation at Homol'ovi. These studies were 
examined to detennine if the occupational chronology posited before (Lange 1989) could be fine
tuned A general chronology for the ceramic period, AD. 550 to 1500, was suggested by the ceramics 
in the Homol'ovi survey collections. A more refined chronology involving six phases was developed, 
based on radiocarbon dates and tree-ring dated ceramics: Lino (AD. 620 to 780), Kana-a (AD. 820 
to 890), Black Mesa (AD. 1000 to 1050), Walnut (AD. 1120 to 1225), Tuwiuca (AD. 1260 to 1330), 
and Homol'ovi (AD. 1330 to 1400). 

{Early Period) 
In the Lino and Kana-a phases, the habitation loci are concentrated on the gravel terraces at the 

southern end of the Homolovi Ruins State Park (Lange 1994: Figs. 4.20, 4.21, and 7.9). The pit house 
hamlets related to these occupations are expected to be small, with perhaps a half-dozen pit houses 
at any one time. The Lino Phase occupation is more intensive than the Kana-a Phase occupation: Lino 
Black-on-gray dominates in the Early Period assemblages, there are more presumed habitation loci 
(8 for Lino, 6 for Kana-a), and the Lino Phase loci are more widely distributed. In the Lino Phase, 
there are indications of the use of the floodplain west of Homol'ovi II, as well as several loci, including 
a habitation locus, in the uplands southeast ofHomol'ovi II. The floodplain area west ofHomol'ovi 
II and the habitation locus in the eastern uplands were seemingly not used in the Kana-a Phase. In both 
phases, the general distribution of non-habitation loci indicates farming along the eastern margin of 
the floopdlain, and in various side valley and dune areas near the habitation locations at the southern 
end of the park There is only low-level use indicated for the west side of the river in either phase. 

(Middle Period) 
The Black Mesa and Walnut phase occupations also seem to be lighter than the Lino Phase 

occupation, and the pit house hamlets are still expected to be small. There are fewer habitation loci 
for the Black Mesa and Walnut phases ( 6 each versus 8 for the Lino Phase, see Lange 1994: Figs. 4 .22, 
4.28, and 7.10), and in the Walnut Phase, pit house floor area is considerably reduced. The habitation 
locations of the Lino and Kana-a phases are re-occupied for the most part, even with later structmes 
excavated into earlier pit houses at AZ J:14:36 (ASM). In the Walnut Phase, a pit house hamlet was 
established on the mesa top where Homol'ovi II was later built. Land use continues the pattern 
established in the early phases, with farming along the river (but on both sides during the Black Mesa 
and Walnut phases), and chy-farming in the chme areas near the habitation loci and into the ridges and 
eastern uplands. 

The Walnut Phase (AD. 1120 to 1225), however, marks a departure from interaction patterns of 
the previous three to five centuries. The primary residences of essentially every other area of the Little 
Colorado River Basin shifted from pit houses to above-ground masonry structures. Pit houses persist 
in the Homol'ovi and Hopi Buttes areas and they are remarkably uniform. These pit houses are 
generally smaller and deeper than before, and the size alone signals some sort of change in group 
organization and, perhaps, the adaptive strategy pursued. The house ( structure 4) at AZ J: 14 :36 (ASM) 
is slightly larger (9 sq m) than those in the Hopi Buttes (where the mean is 5 sq m). The post pattern 
and hearth locations are unknown for the Homol'ovi structures; the Hopi Buttes pit houses exhibit a 
new architectural pattern. The ventilator is often located near a comer of the structure, and the hearth 
is located near the east or southeast wall. The roof pattern now consists of two posts centered in 
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opposite walls. 
aAte Period) 

Adams (1989a, 1991a, 1993, 1996) has discussed the Late Period (Tuwiuca and Homol'ovi Phases) 
ofHomol'ovi culture history in some detail. The Tuwiuca Phase (A.D. 1260 to 1330), marked by the 
construction of the Homol'ovi I (AZ J:14:3 [ASM]), Homol'ovi III (AZ J:14:14 [ASM]), Homol'ovi IV 
(AZ J:14:13 [ASM]), Cottonwood Creek (AZ J:14:2 [ASM]), Chevelon (AZ P:2:11 [ASM]), and 
Jackrabbit (AZ P:3:23 [ASM]) pueblos, indicates a new adaptive strategy and new immigrants into 
the middle Little Colorado River Valley. The co-ocurrence of the occupation and the Great Drought 
are certainly related. The drier conditions and lowered water tables across the Southwest (Dean et al. 
1985: 541) drew groups to well-watered floodplains such as the middle Little Colorado River. 

Homol'ovi IV was established and occupied between A.D. 1260 and 1280. Architectural evidence 
(room size and choice of site location) and ceramics indicate the arrival of a wpulation from the 
north--the Hopi Mesas area, or perhaps the northern Hopi Buttes. Homol'ovi IV seems not to have 
been reoccupied after it was abandoned. 

Homol'ovi Ill groups originated from a different source and were a bit later in time. Whether 
Homol'ovis ill and IV were simultaneously occupied and for what period of time is unclear. Homol'ovi 
ID was founded and initially occupied between A.D. 1280 and 1300. The architectural components, 
including a linear roomblock of relatively large rooms and a great kiva, and the ceramic assemblage 
containing higher or significant proportions of Cibola White Ware and White Mountain Red Ware, 
when compared to other Homol'ovi assemblages, indicates that the source for this population was the 
Silver Creek drainage of the upper Little Colorado River Valley (Adams 1993; this volume). 

As noted, the Homol'ovi I, Cottonwood Creek, Chevelon, and Jackrabbit pueblos were probably 
founded about the same time, also by populations from theSilver Creek area (Adams, this volume). 
The occupants of these pueblos undoubtedly farmed the margins of the floodplain of the Little 
Colorado River. Cottonwood Creek Pueblo had nearby fannable land along Cottonwood Wash as well 
as the Little Colorado River. A wetter period after A.D. 1300 (Kolbe 1991), however, caused the 
abandonment of Homol'ovi ID due to flooding. In addition to the use of the floodplain, the occupants 
of Homol'ovi I also used areas back from the river, such as Hoe Valley and dune areas east of the river 
(see Lange 1994: Chapter 4). Particularly in the wetter interval after A.D. 1300, dry-farming would 
have been an important addition to the subsistence base. 

Although Homol'ovis III and IV were abandoned by A.D. 1300, it is believed that Homol'ovi I was 
occupied continuously through the A.D. 1300s, meaning that the residents of Homol'ovi I "owned" at 
least the area immediately around the pueblo when the population that founded and occupied 
Homol'ovi II began to arrive. Homol'ovi II (AZ J:14:15 [ASM]) rapidly grew to about 1200 rooms-
twice the size of Chevelon and Homol'ovi I. The Homol'ovi Phase (A.D. 1330 to 1400) begins with 
the founding ofHomol'ovi II. 

With the arrival of the Homol'ovi II occupants there is a shift in the ceramic signature of the 
area from locally-produced Winslow Orange Ware and traded White Mountain Red Ware to 
Jeddito Yellow Ware. Thus, the construction ofHomol'ovi II probably represents a shift in 
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political control of the Homol'ovi area from one directed from the southeast in the vicinity 
of the Upper Little Colorado villages to one directed from the north in the vicinity of the Hopi 
Mesas villages (Adams 1996). 

In addition to being new to the area, the Homol'ovi residents in the Late Period organized 
themselves in new ways. "The fourteenth- and fifteenth-century aggregated villages are unique on the 
Colorado Plateau in their development of these maintenance systems"(Adams 1989b: 184). In addition 
to simply coming together in larger villages ( in contrast to previous more dispersed, smaller villages 
and hamlets), the architecture reflects new definitions of public and private space, and serves an 
important role in providing the setting for better integration of the community (Adams 1989b: 190). 

The arrival ofHomol'ovi II on the landscape also marked a change in the land-use patterns. As drier 
conditions returned, Homol'ovi ID was re-occupied; but only as a seasonal fannstead, as none of the 
kivas were in use (Adams 1989a: 225). New forms of attempting to exert and mark control of land are 
seen as field houses and features interpreted as shrines or boundary markers appear on the landscape 
during the Homol'ovi Phase. Preucel (1990) has noted the use of field houses as land-controlling 
markers in addition to their agricultural roles. The ownership of the shrines/boundary markers is clear, 
as they cluster around Homol'ovi II (Lange 1994: Fig. 7.6). These and a number of checkdams and 
other water-control features, also clustered around Homol'ovi II, signal new ways of working the land 
and indicating ownership of the land 

Climatic History and Paleoenvironment 
Can the environmental reconstructions provide any more detail for the periods of occupation, and 

what do they suggest about farming potential for these occupations? Van West ( this volume) has 
developed a model of stream.flow for the middle Little Colorado River from A.D. 572 to 1545, 
employing various data developed for the Salt-Tonto-Verde drainages. Similar to the studies of Dean 
et al. (1985), Van West evaluated the stream.flow of the Little Colorado River along a number of axes: 
temporal variability, frequency of extreme events, the water table, optimal farming strategies, and 
general climatic characteristics. 

Van West's paleoenvironmental model ( this volume) and predictions for settlement and farming 
are helpful in attempting to understand the occupations at Homol'ovi. Table 12.3 correlates the date 
ranges assigned for the six Homol'ovi phases with Van West's 33 paleoenvironmental periods. The 
periods can be divided into two groups: before and after AD. 1300. Although AD. 1300 occurs 
part-way through the Tuwiuca Phase, this date marks a change in the strategy for occupying and 
farming the Homol'ovi area. The Tuwiuca Phase occupation begins in response to conditions similar 
to the drier conditions that brought the earlier occupations to Homol'ovi. However, the occupation then 
continues beyond AD. 1300, under conditions that previously caused populations to move away from 
Homol'ovi. Unlike the earlier phases that are viewed as discreet occupations, the occupation is 
continuous from the Tuwiuca Phase through the Homol'ovi Phase. 

Until AD. 1300, the characterizations of the corresponding paleoenvironmental periods are roughly 
evenly divided between consistent and variable ( 12 and 9, respectively), but with 13 of the 21 periods 
being dty, moderate-dry, or moderate. Floodplain or mixed farming strategies are favored in 15 of 
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Table 12.3 
Correlations ofHomol'ovi Phases with paleoenvironmental periods (Van West, this volume). 

Homol'ovi Phases and Dates Paleoemironmenta Periods 

Number of Favored 
Phase Date Range Period DateRange Years Characterization Fanning Strategy 

Lino AD 620 - 780 I AD 572-669 98 moderate, variable mixed 
II AD 670-695 26 wet, consistent dry-farming 
m AD 696-727 32 dry, consistent floodplain 
N AD 728-736 9 wet, consistent dry-farming 
V AD 737 - 797 62 moderate-dry, variable mixed 

Kana-a AD 820 - 890 VII AD 808-899 92 moderate, variable mixed 

Black Mesa AD 1000 - 1050 XI AD 951 -1003 53 moderate, variable mixed, floodplain 
XII AD 1004 - 1032 29 moderate, variable mixed 
XIII AD 1033 - 1044 12 dry, consistent floodplain 
XIV AD 1045 - 1087 43 moderate-wet, consistent mixed, chy-fimning 

Walnut AD 1120 - 1225 xv AD 1088- 1151 64 moderate-dry, variable mixed, floodplain 
XVI AD 1152-1182 31 moderate, variable mixed 
XVII AD 1183 - 1204 22 moderate-wet, variable mixed, dry-farmmg 
xvm AD 1205 -1227 23 dry, consistent floodplain 

Tuwiuca AD 1260-1330 xx AD 1250 - 1275 26 moderate, variable mixed 
XXI AD 1276 - 1299 24 dry, consistent flodplain 
XXII ADB00-1334 35 moderate-wet, variable mixed, dry-farming 

Homol'ovi AD 1330-1400 XXIII -AD 1335 - 1355 21 dry, consistent floodplain 
XXIV AD 1356 - 1359 4 wet, consistent dry-fanning 
XXV AD 1360 - 1379 20 moderate, consistent mixed 
XXVI AD1380-1384 5 wet, consistent dry-famring 
XXVII AD 1385 - 1395 11 dry, consistent floodplain 
xxvm AD 1396-1434 39 moderate, variable mixed 

these periods. The time after AD. 1300, however, is characterized by consistent periods (9 of 12), but 
the periods are approximately evenly divided between wet and dry (4 dry, 3 moderate, 3 wet) and the 
different farming strategies favored (4 floodplain, 5 mixed, 3 dry-farming). 

Thus, there is some suggestion of different conditions and strategies for fanning between the 
earlier occupations and the occupation after AD. 1300. The date ranges for the Homol'ovi occupations 
and the paleoenvironmental periods do not match perfectly, however, and the lengths of Van West's 
paleoenvironmental periods are variable. For instance, the two wet periods in the Homol'ovi Phase are 
each less than six years in duration. Consequently, an alternative view of the paleoenvironmental 
record was used that examined the record on the basis of the Homol'ovi date ranges rather than Van 
West's paleoenvironmental periods. 

Until the Homol'ovi Phase, the occupations are expected to be relatively short, on the order 
of 10 to 30 years. The use of pit houses indicates some residential mobility (Gilman 1987; Young 
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1994) and the amount of trash accumulated ( for example in abandoned structures at AZ J: 14 :36 
[ ASM]) is relatively small. The long dmations for some of the posited occupation periods may simply 
indicate that the presently available data are incapable of showing the true nature of the occupations 
during these periods, that is, the occupations are expected to be more sporadic. The Homol'ovi Phase 
is expected to be the most sustained occupation of the Homol'ovi area, largely due to the size of the 
population that is present. The larger population would be able to manipulate the environment, 
particularly the floodplain, to overcome variability that previously had been handled by moving 
elsewhere. 

Table 12.4 summarizes this information, for both the occupations and the intervening 
"abandonments." The occupations can be generally characterized as dry or mixed wet and dry. The 
proportion of years with negative departures from normal always exceeds that for years with positive 
departures. In fact, attesting to the arid nature of this region, only two of the time intervals defined 
have positive departures in excess of negative departures: AD. 781 to 819 and AD. 1300 to 1330. 
AD. 781 to 819 is thought to be an interval of abandonment, whereas AD. 1300 to 1330 is a time of 
occupation, the Tuwiuca Phase. During the phases of occupation, the extremes also occur in higher 
proportions for the negative departures (look particularly at the values for z-scores less than -0.5 or 
greater than 0.5). For the time intervals between occupations, the characterization is more variable: 
wet and moderate, but dry periods also occur. The proportions of years with negative departures and 
years with positive departw-es are quite similar to the proportions for the occupation periods. However, 
the extremes tend to be more evenly balanced between the positive and negative or to be 
proportionally higher for the positive extremes, indicating a generally wetter climatic regime in the 
intervals of abandonment. 

The Intersection of Environment and Occupation 
It appears, then, that under drier conditions, populations are drawn to the Little Colorado River 

in the Homol'ovi area In wetter conditions, the populations are located elsewhere, presumably able 
to sustain themselves through dry-farming and akchin farming of the smaller drainages in these 
locations. These other locations, such as the Hopi Buttes area to the northeast, may have been more 
favorable under wetter conditions because of the presence of smaller drainages that could be 
controlled and used to water the fields, and because of greater expanses of sand for conducting dry
farming. 

The Homol'ovi occupations seem to be defined by the interaction of several variables: the 
general climatic condition (wet or dry), the preferred agricultural strategy (dry-farming or floodplain 
agriculture), the size of the local population available to manipulate the environment, and what is 
really happening with respect to the water available for agriculture-is it available at the right time and 
in the right amounts? The paleoenvironmental models like Van West's rely on indirect measures of 
climate and precipitation, and on statistically derived parameters of normal and extraordinary. In the 
Homol'ovi area, such normal or extreme events or trends seem to be beyond the ability of the 
prehistoric farmer to plan for or predict based on past experiences. The environmental system of the 
southern Colorado Plateau is simply too highly variable and too marginal. "Low probability" and 
extreme events, such as the floods in 1993, seem to happen frequently in this region, and must, 
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Table 12.4 ... , 

Correlations of the Homol'ovi Phases with the paleoenvironmental reconstruction (Van West, this 
volume}. 

Years With Years With Z-scores Z-scores Z-scores Z-scores 

Negative Positive LT/Equal GT/Equal LT/Equal GT/Equal 

Phase Date Range Evaluation Departures Departures to-1 to 1 to-0.5 to0.5 

N %* N % N % N % N % N % 

Occupations 

Lino AD620-780 variable 92 57 69 43 26 16 33 20 60 37 47 29 
early,diy 
late; overall 
dry 

Kana-a AD820-890 variable, 37 52 34 48 6 8 5 7 21 30 17 24 
tending to 
dry 

Black 
Mesa AD 1000-1050 consistent, 33 65 18 35 5 10 4 8 14 27 10 20 

dry 

Walnut AD 1120-1225 variable, 59 56 47 44 14 13 10 9 37 35 26 24 
dry 

Tuwiuca AD 1260-1330 mixed, var 37 52 34 48 8 11 7 10 23 32 19 27 
AD 1260-1300 dry, ocm. 25 61 16 39 7 17 3 7 14 34 8 20 

AD 1300-1330 wet, var 12 39 19 61 1 3 4 13 9 29 11 35 

Homol'ovi AD 1330-1400 variable, 43 61 28 39 8 11 11 15 19 27 15 21 
dry 

"Abandonments" 

Lino-
Kana-a AD781-819 variable, 17 44 22 56 6 15 6 15 14 36 13 38 

wet 

Kana-a-
Black 
Mesa AD891-999 variable, 66 61 43 39 19 17 17 16 41 38 28 26 

dry 

Black 
Mesa-
Walnut AD 1050-1119 variable, 38 54 32 46 2 3 7 10 21 30 13 19 

moderate 

Walnut-
Tuwiuca AD 1226-1259 variable, 19 56 15 44 3 9 4 12 9 26 8 24 

moderate 

*Note: percents are based on the total number of years for each period of occupation or abandonment; LT = less than, GT = greater than. -
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therefore, have impacted the human populations trying to live in the area. They may have been more 
concerned with surviving or predicting the next low probablility or extreme event than adjusting to 
"normal" conditions. 

A number of factors combine to enhance the conditions of occupation in the Homol'ovi area in 
contrast to other areas of the Little Colorado River Basin. For several reasons, the condition of the 
floodplain and water table are subject to less severe fluctuation or alteration than in other areas. The 
floodplain is full of alluvium (Kolbe 1991: 16-18). As the channel degrades, more alluvium is 
exposed. Other streams, such as the Salt, Gila, and Verde Rivers, when they degrade, are cut down to 
cobbles and gravels, and force agricultw-e onto the terraces. The silts and clays in the floodplain of the 
Little Colorado River are still available for farming. The condition of the floodplain may alter how 
the fields are watered (by overbank flooding, diversion, or channelized irrigation), but it is at least still 
possible to fann on the floodplain. 

The scale of the floodplain in the Homol'ovi area also differs from other areas. On smaller streams, 
increasing the size of the stream channel will severely decrease the size of the floodplain. When the 
smaller streams are aggrading or aggrade4 nearly every flood is likely to impact the entire floodplain. 
In comparison, the size of the floodplain in the Homol'ovi area is vast, but in only the most extreme 
situations is the entire floodplain subjected to destructive flooding. Further, there is a limit to the 
extent of downcutting that can occur in the Homol'ovi area Bedrock is relatively shallow (Kolbe 1991: 
16), maintaining the streamflow at or near the surface, even though its volume may be reduced. Thus, 
deep downcutting, such as on Oraibi Wash at the Hopi Mesas (Hack 1942: 58), cannot occur in the 
Homol'ovi area, and the fluctuations in the water table are therefore minimized. 

Aggradation or degradation of the floodplain, although they can occur suddenly and 
catastrophically, are generally longer term processes than capricious fluctuations in the volume and 
location of rainfall (ultimately causing capricious fluctuations in streamflow as well) (Dean et al. 
1985). It is possible to predict in general terms when increased flows could be expected in the Little 
Colorado River, for example, after storms along the Mogollon Rim and when winter snow melts. If 
traditional knowledge could not pass on the precise when, where, and volumes of precipitation and 
stream flow, it could at least transmit the knowledge that crops are occasionally lost to flooding on 
the floodplain, just as crops in the sand dunes can be lost to lack of precipitation, even though they are 
safe from flooding. As floodplains aggraded or degraded, as stream flows rose and fell, and as 
precipitation increased or decreased, the most rational response would have been to diversify the 
farming strategies employed, not to focus on just one. This is exactly the situation discovered at 
Homol'ovi; artifact scatters occur in the sand dunes and along the margins of the floodplain in all 
major periods of occupation (Lange n.d ). 

As population increased in the Homol'ovi area in the late AD. 1200s, the importance of the 
floodplain is illustrated by the location of the principal settlements either on or adjacent to it 
(including the pueblos ofHomol'ovi L II, III, IV, AZ J:14:282 (ASM), Cottonwood Creek, Chevelon, 
Jackrabbit, and the Adobe Pueblo). Kolbe ( 1991) has shown how the history of the floodplain had a 
direct bearing on the occupation of Homol'ovi ill. He found that the discharge on the Little Colorado 
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River could be successfully modeled based on regional hydrologic, meterologic, and 
dendrochronologic data (Kolbe 1991: 84 ). He ( 1991: 79-84) predicted that Homol'ovi ID was initially 
established "about AD. 1270 to 1280, during a period of below modem mean annual discharge that 
occIDTed between AD. 1263 and 1300." The pueblo was built on a low terrace in the floodplain that 
was probably flood-free during this period The floodplain would have been extensive, and the river 
would have been confined to a narrow channel with infrequent, low intensity flooding (Kolbe 1991: 
80). From AD. 1300 to 1321, the reconstructed discharge indicates a high flow, above the modem 
mean annual values, probably caused the abandonment of the pueblo due to frequent flooding. Thick 
deposits of river mud on the floors of the kivas at Homol'ovi ill are evidence of the flooding. The 
floodplain area would have decreased as the stream channel width increased in this interval. However, 
due to the huge amount of acreage in the floodplain, this was not likely to have significantly decreased 
the actual size of the floodplain. It certainly meant that the pueblo was uninhabitable, and may have 
moved most floodplain farming activities farther to the margins of the floodplain. Sometime after AD. 
1330, Homol'ovi ill was seasonally re-occupied until the late 14th century. This period shows 
fluctuating discharge volumes (Kolbe 1991; Van West, this volume), but was generally below modem 
averages (Kolbe 1991: 84 ). 

It is possible that the abandonment of the Homol'ovi area was spurred by climatic events in the late 
AD. 1300s. Kolbe (1991: 51) and Van West (1994b) have shown that streamflow on the Little 
Colorado River can be effectively predicted from regional precipitation, and that discharge on the 
Little Colorado River can be accurately retrodicted from the Salt and Verde Rivers and tree-ring 
records. This is presumably because storms along the Mogollon Rim affect drainages below the Rim 
as well as drainages above the Rim. Using reconstructed streamflow data for the Salt River, Nials et 
al. (1989: 69) have shown that floods in AD. 1356 to 1358 may have caused the demise of the 
PhoenixBasinHohokam through the destruction of the irrigation systems. Nials et al. (1989: 75) also 
indicate additional serious floods in AD. 1382 and 1384. In fact, these floods in the AD. 1380s are, 
respectively, the fourth and seventeenth largest floods in the time period from AD. 657 to the present. 
Dave Gregoiy has stated that as yet unpublished data indicate two additional problems for floodplain 
farmers in the period from AD. 1380 to 1450. First, there is an additional high flow year (ranked 
seventy-sixth) in AD. 1399, and second, as a whole, this period is one of increased variability in 
streamflow that does not end 1mtil the mid-l 500s. Any of these floods, from the AD. 1350s on, could 
have seriously altered the conditions for farming the floodplain in the Homol'ovi area, and the 
increased variability after AD. 1380 may at some point have made it impractical to attempt to 
continue farming there. 

Thus, one scenario for the abandonment around AD. 1400 involves both a push and a pull. The 
push involves changes in the agricultural potential of the Homol'ovi area as just discussed. Even with 
the larger labor pool that had permitted the residents of the area to make more sustained use of the 
floodplain than had been done previously, conditions on the floodplain may have changed such that 
it became unusable. Additionally, top-soil in the dunes and ridges may have been depleted through the 
intensive farming and erosion as vegetation was cleared to make room for fields. The pull may have 
been the large communities and the general area of the Hopi Mesas. There were clearly social ties to 
these communities, to manage the exchange of cotton and yellow ware (Adams 1989b ). The Hopi 
Mesas also have several environmental advantages that translate to agricultural advantages over the 
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Homol'ovi area. The annual precipitation is higher, there is much greater acreage of sand dunes for 
farming, the topography permits a variety of fanning strategies (Hack 1942), and there are reliable 
springs that occur around the edges of the mesas. If there were any thoughts or attempts to return later 
to the Homol'ovi area, these may have been stymied by the arrival of Apachean populations into the 
general region (after AD 1500?). Alternatively, the role of Homol'ovi in producing cotton may have 
been shifted to Moenkopi ( see Adams, this volume). 

Conclusions 

Thus, prehistoric occupation of the Homol'ovi area is seen to be complexly related to general 
climate, effective moisture levels, precipitation, stream.flow, the morphology of the floodplain, and 
population size and organization At almost all times, two principal methods of farming were available 
to residents of the Homol'ovi area, floodwater farming on the floodplain, and dry-farming in the sand 
dunes of the side valleys. A third method, involving irrigation fanning on the floodplain, may also 
have been practiced in the Late Period. The success of farming on the floodplain is dependent on the 
discharge of the river and the strongly correlated (Euler et al. 1979) condition of the floodplain 
Streamflow in the Homol'ovi area has been shown to be essentially guaranteed due to its location in 
the Little Colorado River Basin The greatest problem may have been when there was too much 
streamflow (Nials et al. 1989). Dry-fanning is related to local precipitation, and generally would 
require normal or above normal rainfall to be successful. 

The Little Colorado River in the Homol'ovi area provides a limited buffering mechanism to both 
farming methods and their risks. The width of the floodplain suggests that the margins of the 
floodplain would be productive and less risky, even under wet conditions, as in Van West's model. 
Instead of a complete shift to dry-farming, the Homol'ovi area could expect a shift to increased 
emphasis on dry-farming but with the continued use of at least the margins of the floodplain. Dry
farming is buffered by the presence of a reliable water source that could be used for hand-watering 
when necessary. 

It is therefore possible to predict occupation of the Homol'ovi area in a very general sense based 
on the environmental reconstructions. However, the present models, ceramic dates, and radiocarbon 
dates are not interpretable in a straightforward manner, and the dates probably do not yet represent the 
full range of prehistoric use of the area. It is clear when populations were there or seemed to be there 
( radiocarbon dates and ceramic cross-dates), and when they perhaps should have been there 
(paleoenvironmental models). Additional chronometric dates from testing and excavations should 
eventually allow more detailed comparisons to the paleoenvironmental data to be made. 

Two broad generalizations can be made about populations on the Colorado Plateaus. Until about 
AD. 1300, there was an increase in total population over time (Dean et al. 1994), and there was a 
reduction in yearly or seasonal mobility over time (Dean 1988a). Population pressure, more reliable 
crops, and increased technological knowledge (for example, of irrigation), meant that groups could 
not and did not need to move around as much as before. When environmental conditions deteriorated 
throughout the Southwest and there was a need to locate to reliable water sources, the Homol'ovi area 
was just such an area. However, the Homol'ovi area was not occupied at all times, as might be 
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expected given the presence of the river. Why? 

The Homol'ovi area was not ideal or even desirable at all times, indicated by the relatively small 
populations and sporadic occupations between AD. 620 and the mid-1200s. The unpredictability, 
uncontrollability, and potential destructiveness of the river, and the general lack of other animal and 
plant resources in the local environment meant that people were drawn to the river only when 
conditions were poor ( dry) elsewhere. Anywhere else in the Little Colorado River Basin that is higher 
in elevation would have greater amounts of precipitation than the Homol'ovi area, and many of these 
areas would contain a greater diversity of resources and more manageable situations for akchin 
fanning. Therefore, occupation in these areas would have been preferred over the Homol'ovi area 
during normal or wet periods (Van West, this volume). 

What reversed this pattern after the mid-AD. 1200s, when people left better-watered areas and 
more controllable streams to live along the middle Little Colorado River? The best explanation seems 
to involve the longer growing season and vast floodplain of the Homol'ovi area, which were important 
factors in being able to produce cotton on a large scale. The more sustained occupation after the late 
AD 1200s ( as compared to earlier times) was possible because of the ability of the larger population 
to exert some level of control over the river. 



APPENDIX A 

Carla Van West 

Year Streamflow Z-score Year Streamflow Z-score Year Streamftow Z-score 
AD AD AD 
572 1741191 0.960 613 812189 -0.501 654 431079 -1.100 
573 1163489 0.052 614 862944 -0.421 655 1241040 0.173 
574 2503256 2.158 615 639343 -0.773 656 1177151 0.073 
575 2576452 2.273 616 1287043 0.246 657 2043109 1.434 
576 1526600 0.622 617 698630 -0.679 658 1705200 0.903 
577 1087519 -0.068 618 1621662 0. 772 659 1895118 1.202 
578 221132 -1.430 619 1306584 0.276 660 267607 -1. 357 
579 456306 -1. 060 620 475638 -1.030 661 407499 -1.137 
580 753366 -0.593 621 1561881 0.678 662 955948 -0.275 
581 1168240 0.059 622 4463346 5.240 663 392691 -1.160 
582 1267522 0.215 623 1401267 0.425 664 301656 -1. 303 
583 1316440 0.292 624 934043 -0.309 665 1385095 0.400 
584 711971 -0.658 625 839662 -0.458 666 614413 -0.812 
585 1446290 0.496 626 403922 -1.143 667 1862081 1.150 
586 948120 -0.287 627 809618 -0.505 668 1299657 0.266 
587 1269429 0.218 628 2040916 1.431 669 634355 -0.780 
588 687503 -0.697 629 2603753 2.316 670 1158455 0.044 
589 1289233 0.249 630 235742 -1.407 671 1071109 -0.094 
590 324856 -1.267 631 609683 -0.819 672 1595300 0.730 
591 746603 -0.604 632 1671630 0.850 673 2161208 1. 620 
592 1045321 -0 .134 633 656917 -0.745 674 1355647 0.354 
593 1140918 0.016 634 772919 -0.563 675 1445672 0.495 
594 1500659 0.582 635 1075423 -0.087 676 2299821 1.838 
595 1434166 0.477 636 1979363 1.334 677 269426 -1.354 
596 546639 -0.918 637 1476733 0.544 678 1049575 -0.128 
597 683992 -0.702 638 2194445 1.672 679 1491905 0.568 
598 742541 -0.610 639 1261289 0.205 680 745033 -0.606 
599 401008 -1.147 640 672052 -0.721 681 1685415 0.872 
600 1647473 0.812 641 2170846 1.635 682 1829824 1.099 
601 -1367947 0.373 642 1061926 -0.108 683 1228525 0.154 
602 1369829 0.376 643 1551860 0.662 684 1636192 0.795 
603 979267 -0.238 644 720020 -0.646 685 1107073 -0.037 
604 572757 -0.877 645 188773 -1. 481 686 651452 -0.754 
605 1232640 0.160 646 308576 -1.293 687 1813840 1.074 
606 482896 -1.019 647 1038872 -0.144 688 1814114 1.074 
607 805832 -0.511 648 1247258 0.183 689 1942471 1.276 
608 2137771 1.583 649 884012 -0.388 690 1044646 -0.135 
609 1102907 -0.044 650 2052831 1.450 691 3200473 3.254 
610 2278043 1.804 651 523309 -0.955 692 2277246 1.803 
611 468351 -1.041 652 764590 -0.576 693 2471734 2.108 
612 969396 -0.254 653 1085149 -0.072 694 290614 -1.321 

259 
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Year Streamflow Z-score Year Streamflow Z-score Year Streamflow Z-score 

AD AD AD -
695 1904968 1.217 741 890808 -0. 377 787 1263389 0.209 

696 505644 -0.983 742 342654 -1. 239 788 667041 -0.729 

697 925098 -0.323 743 775517 -0.558 789 875332 -0.402 

698 746014 -0.605 744 578500 -0.868 790 1196377 0.103 

699 443029 -1.081 745 872965 -0.405 791 356712 -1. 217 

700 421610 -1.115 746 1180219 0.078 792 561197 -0.895 

701 641813 -0.769 747 1855618 1.140 793 1506131 0.590 

702 1048644 -0.129 748 770679 -0.566 794 736270 -0.620 

703 1257347 0.199 749 1201879 0.112 795 626292 -0.793 

704 495818 -0.998 750 340872 -1.242 796 662259 -0.737 

705 1040578 -0.142 751 237041 -1.405 797 314141 -1.284 

706 350005 -1.227 752 691298 -0.691 798 2194030 1.672 

707 1150807 0.032 753 935361 -0.307 799 1616617 0.764 

708 1063418 -0.106 754 832112 -0.469 800 1319098 0.296 

709 367885 -1.199 755 646892 -0.761 801 2379641 1.964 

710 1158149 0.043 756 1099099 -0.050 802 1439382 0.485 

711 596385 -0.840 757 539017 -0.930 803 3551380 3.806 

712 332976 -1.254 758 850852 -0.440 804 2972831 2.896 

713 624551 -0.796 759 1803948 1.058 805 4004065 4 . 517 

714 1074980 -0.088 760 1286223 0.244 806 1725306 0.935 

715 1106158 -0.039 761 330413 -1. 258 807 1131484 0.001 

716 772224 -0.564 762 656333 -0.746 808 342484 -1. 239 

717 342212 -1.240 763 1539545 0.643 809 236475 -1. 406 

718 542543 -0.925 764 745317 -0.606 810 1693730 0.885 

719 1399357 0.422 765 2058838 1.459 811 1429806 0.470 

720 887837 -0.382 766 2271927 1. 794 812 1645441 0.809 

721 571584 -0.879 767 869068 -0. 411 813 1573225 0.696 

722 1114986 -0.025 768 1987588 1.347 814 1366390 0. 371 

723 564384 -0.890 769 1244881 0.179 815 896060 -0.369 

724 316422 -1. 280 770 608863 -0.820 816 707340 -0.666 

725 1147083 0.026 771 1254206 0.194 817 622950 -0.798 

726 954375 -0.277 772 1909845 1.225 818 435177 -1.094 

727 569682 -0.882 773 1113366 -0.027 819 1002447 -0.202 

728 1779228 1.020 774 539949 -0.929 820 1889210 1.192 

729 1530252 0.628 775 1638741 0.799 821 1833573 1.105 

730 3406316 3.578 776 2100517 1.525 822 2933185 2.834 

731 4689524 5.595 777 888485 -0.381 823 554743 -0.906 

732 2035272 1.422 778 565037 -0.889 824 779659 -0.552 

733 1660540 0.833 779 346524 -1.233 825 315590 -1. 282 

734 1195863 0 .102 · 780 967566 -0.257 826 1381218 0.394 

735 1816433 1.078 781 1257466 0.199 827 1342139 0.332 

736 1903495 1.215 782 519086 -0.962 828 684716 -0.701 

737 1064462 -0.104 783 1358380 0.358 829 787483 -0.540 

738 249927 -1. 385 784 1598180 0.735 830 333493 -1. 253 

739 489088 -1. 009 785 1908227 1.222 831 1368496 0.374 

740 1657787 0.829 786 475059 -1.031 832 926671 -0.321 
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Year Streamflow Z-score Year Streamftow Z-score Year Streamflow Z-score 
AD AD AD 
833 1493910 0.571 879 720279 -0.645 925 714333 -0.655 
834 2166996 1. 629 880 1560867 0.676 926 1504574 0.588 
835 1577498 0.702 881 1619553 0.769 927 1097772 -0.052 
836 1691927 0.882 882 916141 -0.337 928 2604448 2.317 
837 804537 -0.513 883 463530 -1.049 929 2337881 1. 898 
838 1496588 0.575 884 336049 -1.249 930 1177382 0.073 
839 608370 -0.821 885 938174 -0.303 931 2010633 1.383 
840 263032 -1. 364 886 778742 -0.553 932 1475619 0.542 
841 750419 -0.598 887 1173176 0.067 933 659627 -0.741 
842 1027218 -0.163 888 2912556 2.801 934 614245 -0.812 
843 1467676 0.530 889 573962 -0.875 935 710706 -0.660 
844 1087521 -0.068 890 1578241 0.704 936 1102013 -0.045 
845 1431313 0.473 891 1844628 1.122 937 514385 -0.969 
846 849293 -0.442 892 571108 -0.880 938 1662692 0.836 
847 332047 -1. 256 893 1288658 0.248 939 1281334 0.237 
848 1117431 -0.021 894 691563 -0.690 940 1526001 0.621 
849 587941 -0.853 895 581563 -0.863 941 1944119 1.279 
850 1209083 0.123 896 820194 -0.488 942 2395745 1. 989 
851 874026 -0.404 897 1900352 1.210 943 386736 -1.170 
852 1677905 0.860 898 2187981 1.662 944 1294785 0.258 
853 915049 -0.339 899 4896428 5.920 945 2208451 1.694 
854 1934083 1.263 900 469701 -1. 039 946 1708156 0.908 
855 853749 -0.435 901 705037 -0.669 947 1412528 0.443 
856 1906816 1.220 902 554693 -0.906 948 2086728 1.503 
857 1135918 0.008 903 398175 -1.152 949 2035562 1.423 
858 161124 7 0.755 904 394753 -1.157 950 1387635 0.404 
859 1341969 0.332 905 874445 -0.403 951 493778 -1. 001 
860 803216 -0.515 906 567964 -0.885 952 1274015 0.225 
861 1391238 0.410 907 439595 -1. 087 953 1155128 0.038 
862 1445724 0.495 908 964014 -0.262 954 232386 -1. 412 
863 1295070 0.258 909 1097452 -0.052 955 585314 -0.858 
864 933839 -0.310 910 638300 -0.774 956 1221370 0.143 
865 536171 -0.935 911 1290490 0.251 957 338797 -1.245 
866 835487 -0.464 912 1497081 0.576 958 1102407 -0.045 
867 536813 -0.934 913 1036061 -0.149 959 1508147 0.593 
868 929101 -0.317 914 1031399 -0.156 960 2267618 1. 787 
869 2001602 1.369 915 1678600 0.861 961 826827 -0.478 
870 842192 -0.454 916 666770 -0.729 962 1604655 0.745 
871 964813 -0. 2 61 917 1774588 1.012 963 1117472 -0.021 
872 759710 -0.583 918 986453 -0.227 964 930959 -0.314 
873 1871613 1.165 919 848002 -0.445 965 1953114 1.293 
874 1138065 0.012 920 319629 -1.275 966 1186235 0.087 
875 1459015 0.516 921 633419 -0.782 967 663956 -0.734 
876 2111910 1. 543 922 416326 -1.123 968 469888 -1. 039 
877 1190537 0.094 923 512515 -0.972 969 964410 -0.261 
878 740423 -0.614 924 402333 -1.145 970 1030590 -0.157 
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Year Stmuntlow Z--sc:ore Year Streamtlow Z-score Year Streamtlow Z-score 
AD AD AD 

971 844382 -0.450 1017 1953721 1.294 1063 1414101 0.446 

972 602624 -0.830 1018 683906 -0.702 1064 1109374 -0.034 

973 2137482 1.583 1019 557683 -0.901 1065 1209747 0.124 

974 842831 -0.453 1020 1655388 0.825 1066 1386225 0.402 

975 295858 -1. 313 1021 856088 -0.432 1067 277680 -1. 341 

976 931344 -0. 313 1022 799575 -0.521 1068 704898 -0.669 

977 1571134 0.692 1023 471684 -1. 036 1069 737326 -0.619 

978 792671 -0.531 1024 1476407 0.543 1070 786495 -0.541 

979 457930 -1.058 1025 758166 -0.586 1071 1186249 0.087 

980 272050 -1. 350 1026 1030288 -0.158 1072 1031567 -0.156 

981 314709 -1.283 1027 1152832 0.035 1073 718179 -0.649 

982 1100851 -0.047 1028 850332 -0.441 1074 906688 -0.352 

983 1174150 0.068 1029 1008759 -0.192 1075 982904 -0.232 

984 404726 -1.141 1030 1135150 0.007 1076 1472347 0.537 

985 729349 -0.631 1031 1067471 -0.099 1077 1541701 0.646 

986 1379337 0.391 1032 1218576 0.138 1078 1131912 0.002 

987 1468703 0.531 1033 937432 -0.304 1079 2056527 1.456 

988 2205180 1.689 1034 754394 -0.592 1080 1982633 1.339 

989 2219127 1. 711 1035 478291 -1.026 1081 693157 -0.688 

990 568384 -0.884 1036 532648 -0.940 1082 2021397 1.400 

991 389484 -1.165 1037 815533 -0.496 1083 1311535 0.284 

992 1285776 0.244 1038 875091 -0.402 1084 1375271 0.384 

993 411551 -1.131 1039 467604 -1. 043 1085 654560 -0.749 

994 997941 -0.209 1040 894997 -0. 371 1086 478906 -1. 025 

995 1007054 -0.194 1041 504966 -0.984 1087 2474776 2 .113 

996 988178 -0.224 1042 986920 -0.226 1088 779273 -0.553 

997 806455 -0.510 1043 1194312 0.100 1089 1708165 0.908 

998 961026 -0.267 1044 568252 -0.884 1090 540977 -0.927 

999 760092 -0.583 1045 1378976 0.390 1091 501979 -0.989 

1000 1223794 0.146 1046 976715 -0.242 1092 1240463 0.173 

1001 599414 -0.835 1047 1628272 0.782 1093 861543 -0.423 

1002 1159146 0.045 1048 834010 -0.467 1094 587675 -0.854 

1003 1123001 -0.012 1049 1108484 -0.035 1095 1027564 -0.162 

1004 1830955 1.101 1050 1359347 0.359 1096 1152905 0.035 

1005 363379 -1. 206 1051 1038443 -0.145 1097 618989 -0.805 

1006 1846532 1.125 1052 2364695 1.940 1098 670015 -0. 724 

1007 1733018 0.947 1053 1119593 -0.018 1099 508664 -0.978 

1008 1079813 -0.080 1054 1918386 1.238 1100 1241282 0.174 

1009 611916 -0.816 1055 892493 -0.375 1101 613039 -0.814 

1010 1640759 0.802 1056 1384424 0.399 1102 890589 -0.378 

1011 1727943 0.939 1057 1271403 0.221 1103 1235024 0.164 

1012 1121240 -0.015 1058 973794 -0.247 1104 752834 -0.594 

1013 843267 -0.452 1059 813312 -0.499 1105 1953226 1.293 

1014 406153 -1.139 1060 1489589 0.564 1106 964957 -0.261 

1015 1787804 1.033 1061 1507155 0.592 1107 537421 -0.933 

1016 889970 -0.379 1062 665844 -0.731 1108 720433 -0.645 



Appendix A 263 

Year Streamtlow Z-score Year Streamtlow Z-Score Year Streamtlow Z-score 
AD AD AD 

1109 1320868 0.299 1155 1592055 0.725 1201 1522233 0.616 
1110 1029072 -0.160 1156 410064 -1.133 1202 2496738 2.148 
1111 988987 -0.223 1157 1180417 0.078 1203 1561301 0.677 
1112 1209936 0.125 1158 418157 -1.120 1204 1561969 0.678 
1113 716827 -0.651 1159 1143697 0.020 1205 706993 -0.666 
1114 1573492 0.696 1160 1425791 0.464 1206 858849 -0.427 
1115 1369279 0.375 1161 600189 -0.834 1207 939494 -0.301 
1116 1223693 0.146 1162 1804041 1.059 1208 525197 -0.952 
1117 1442353 0.490 1163 1801142 1.054 1209 1956165 1.298 
1118 1019176 -0.175 1164 847720 -0.445 1210 1391928 0 .411 
1119 1400736 0.425 1165 1592581 0.726 1211 912511 -0.343 
1120 578469 -0.868 1166 939418 -0.301 1212 1500320 0.581 
1121 307574 -1. 294 1167 1608201 0. 751 1213 977546 -0.241 
1122 1631365 0.787 1168 331885 -1.256 1214 587547 -0.854 
1123 946992 -0.289 1169 432071 -1.098 1215 613800 -0.813 
1124 1277404 0.231 1170 824098 -0.482 1216 323300 -1. 269 
1125 825102 -0.481 1171 1500510 0.581 1217 348939 -1. 229 
1126 867246 -0.414 1172 1771332 1.007 1218 579620 -0.866 
1127 1511317 0.598 1173 2279362 1. 806 1219 1186467 0.088 
1128 1318478 0.295 1174 885555 -0.385 1220 662498 -0.736 
1129 2030739 1.415 1175 344243 -1.237 1221 560411 -0.897 
1130 1311449 0.284 1176 667418 -0.728 1222 737877 -0.618 
1131 550211 -0.913 1177 468472 -1.041 1223 1165228 0.054 
1132 648496 -0.758 1178 1407077 0.434 1224 1017282 -0 .178 
1133 424664 -1.110 1179 786607 -0.541 1225 1249217 0.186 
1134 725185 -0.638 1180 1328956 0.312 1226 1006422 -0.195 
1135 900320 -0. 3 62 1181 1703738 0.901 1227 245723 -1. 391 
1136 1012484 -0.186 1182 407786 -1.137 1228 1759201 0.988 
1137 654000 -0.750 1183 1204210 0.116 1229 1338141 0.326 
1138 942122 -0.297 1184 2153257 1. 608 1230 1021420 -0.172 
1139 1251067 0.189 1185 996535 -0.211 1231 1128380 -0.004 
1140 648611 -0.758 1186 607596 -0.822 1232 2033038 1.419 
1141 1211524 0.127 1187 1458769 0.516 1233 679121 -0.710 
1142 661831 -0.737 1188 1024680 -0.167 1234 596824 -0.839 
1143 807997 -0.507 1189 823331 -0.483 1235 1525357 0.620 
1144 1273992 0.225 1190 1699967 0.895 1236 643065 -0.767 
1145 1343315 0.334 1191 995246 -0.213 1237 1046792 -0.132 
1146 369605 -1.197 1192 641318 -0.769 1238 1309577 0.281 
1147 1596115 0.732 1193 625169 -0.795 1239 1688625 0.877 
1148 1259858 0.203 1194 823351 -0.483 1240 1448232 0.499 
1149 1556760 0.670 1195 1574244 0.697 1241 2284810 1.814 
1150 342013 -1. 240 1196 1102170 -0.045 1242 1244373 0.179 
1151 720379 -0.645 1197 2185333 1.658 1243 1626947 0.780 
1152 1420312 0.455 1198 866666 -0.415 1244 1068959 -0.097 
1153 1338928 0.327 1199 376766 -1.185 1245 817959 -0.492 
1154 1614606 0.761 1200 1836338 1.109 1246 626492 -0.793 
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Year Streamflow Z-score Year Streamflow Z-score Year Streamflow J, Z-score 
AD AD AD 

1247 576405 -0.872 1293 1458136 0.515 1339 902493 -0.359 
1248 1930663 1.258 1294 911338 -0.345 1340 890208 -0.378 
1249 1446191 0.496 1295 378371 -1.183 1341 664142 -0.734 
1250 996179 -0.212 1296 1104878 -0.041 1342 980733 -0.236 
1251 353880 -1. 221 1297 732498 -0.626 1343 1447443 0.498 
1252 1189366 0.092 1298 1928725 1.255 1344 921143 -0.330 
1253 992363 -0.218 1299 327528 -1.263 1345 734824 -0.622 
1254 274065 -1.347 1300 1279828 0.234 1346 1215617 0.133 
1255 914320 -0.340 1301 1317857 0.294 1347 413536 -1.128 
1256 941689 -0.297 1302 1978869 1.333 1348 685691 -0.700 
1257 1272791 0.223 1303 1958687 1.302 1349 1326785 0.308 
1258 542935 -0. 924 1304 1143052 0.019 1350 419660 -1.118 
1259 2050160 1.446 1305 1987789 1.347 1351 558643 -0.899 
1260 1240776 0.173 1306 686126 -0.699 1352 709879 -0.662 
1261 1539314 0.642 1307 631855 -0.784 1353 917512 -0.335 
1262 1385709 0.401 1308 887849 -0.382 1354 1713565 0 .916 
1263 271688 -1.351 1309 1466010 0.527 1355 689849 -0.693 
1264 520721 -0.959 1310 1725001 0.934 1356 1637716 0.797 
1265 1040455 -0.142 1311 827707 -0.476 1357 2002257 1.370 
1266 1091149 -0.062 1312 1830480 1.100 1358 2320997 1.871 
1267 1479691 0.549 1313 1731703 0.945 1359 1842488 1.119 
1268 1806921 1.063 1314 808497 -0.507 1360 349193 -1. 229 
1269 1095324 -0.056 1315 686694 -0.698 1361 727649 -0.634 
1270 727233 -0.634 1316 328450 -1.261 1362 1090937 -0.063 
1271 1186432 0.088 1317 1282697 0.239 1363 679006 -0.710 
1272 1161687 0.049 1318 1285530 0.243 1364 1421064 0.456 
1273 824450 -0.482 1319 1250678 0.189 1365 1056082 -0 .117 
1274 1463653 0.523 1320 1486464 0.559 1366 1422419 0.459 
1275 2390387 1.980 1321 1548022 0.656 1367 1114693 -0.025 
1276 406508 -1.139 1322 762063 -0.580 1368 1026769 -0.163 
1277 1073373 -0.090 1323 668690 -0. 726 1369 812827 -0.500 
1278 691692 -0.690 1324 737833 -0.618 1370 1174692 0.069 
1279 1295375 0.259 1325 1497249 0.576 1371 894171 -0.372 
1280 727582 -0.634 1326 1631062 0.787 1372 1006920 -0.195 
1281 1338736 0.327 1327 1308184 0.279 1373 1590437 0. 723 
1282 810534 -0.503 1328 495521 -0.999 1374 1313839 0.288 
1283 430208 -1.101 1329 933907 -0.309 1375 1273200 0.224 
1284 1281615 0.237 1330 1155592 0.039 1376 1101851 -0.045 
1285 818533 -0. 491 1331 1052491 -0.123 1377 1480482 0.550 
1286 250367 -1.384 1332 1283900 0.241 1378 907473 -0.351 
1287 1078921 -0.081 1333 1780717 1. 022 1379 481116 - -1.021 
1288 332417 -1.255 1334 1373942 0.382 1380 1284849 0.242 
1289 722968 -0.641 1335 486419 -1.013 1381 1990434 1.352 
1290 1707854 0.907 1336 1021302 -0 .172 1382 4507684 5.309 
1291 973067 -0 .248 1337 1046413 -0.133 1383 1999713 1.366 
1292 822010 -0.485 1338 478324 -1. 026 1384 3084980 3.072 
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Year Streamflow Z-score Year Streamflow Z-score Year Streamflow Z-score 
AD AD AD 

1385 1086512 -0.070 1431 1739374 0.957 1477 1769708 1.005 
1386 827123 -0.477 1432 746610 -0.604 1478 2126526 1. 566 
1387 455961 -1.061 1433 1446245 0.496 1479 852728 -0.437 
1388 510503 -0.975 1434 2022648 1.402 1480 1781761 1.024 
1389 393242 -1.159 1435 418674 -1.119 1481 15753 62 0.699 
1390 664842 -0.732 1436 619929 -0.803 1482 3744483 4.109 
1391 542945 -0.924 1437 610450 -0.818 1483 988892 -0.223 
1392 1263795 0.209 1438 564341 -0.890 1484 2515641 2.177 
1393 566665 -0.887 1439 628166 -0.790 1485 627574 -0. 791 
1394 1109696 -0.033 1440 878259 -0.397 1486 1121777 -0.014 
1395 838348 -0.460 1441 1366763 0 .371 1487 422456 -1.114 
1396 1992853 1.355 1442 425540 -1.109 1488 692066 -0.690 
1397 936676 -0.305 1443 515102 -0.968 1489 2337671 1.898 
1398 901312 -0.361 1444 723639 -0.640 1490 2261302 1. 777 
1399 2092566 1.512 1445 1081192 -0.078 1491 1840514 1.116 
1400 1815088 1.076 1446 683573 -0.703 1492 548969 -0.915 
1401 1121311 -0.015 1447 723687 -0.640 1493 691960 -0.690 
1402 613846 -0.813 1448 811671 -0.502 1494 1488087 0.562 
1403 1247670 0.184 1449 895882 -0.369 1495 322544 -1. 271 
1404 1386752 0.403 1450 784595 -0.544 1496 1067439 -0.100 
1405 1035538 -0.150 1451 1036765 -0.148 1497 1139775 0.014 
1406 895322 -0.370 1452 1033156 -0.153 1498 1097141 -0.053 
1407 459492 -1.055 1453 1350132 0.345 1499 658856 -0.742 
1408 917878 -0.335 1454 1107382 -0.037 1500 343279 -1.238 
1409 1770202 1.005 1455 280101 -1.337 1501 1413683 0.445 
1410 386588 -1.170 1456 1038209 -0.145 1502 984093 -0.231 
1411 736198 -0.620 1457 2416554 2.022 1503 872698 -0.406 
1412 696076 -0.683 1458 1749682 · 0.973 1504 1264882 0.211 
1413 959572 -0.269 1459 516839 -0.965 1505 958981 -0.270 
1414 1461865 0.521 1460 430298 -1.101 1506 389134 -1.166 
1415 970890 -0.251 1461 1173127 0.067 1507 1683749 0.869 
1416 594617 -0.843 1462 2399350 1.995 1508 2197853 1. 678 
1417 1016178 -0.180 1463 945089 -0.292 1509 2016302 1.392 
1418 1131905 0.002 1464 261886 -1.366 1510 410776 -1.132 
1419 1101190 -0.046 1465 453445 -1.065 1511 1636356 0.795 
1420 1550499 0.660 1466 2049002 1.444 1512 1103737 -0.042 
1421 603430 -0.829 1467 1148107 0.027 1513 1161132 0.048 
1422 1697386 0.891 1468 872014 -0.407 1514 985697 -0.228 
1423 568777 -0.884 1469 951157 -0.282 1515 1183195 0.082 
1424 867265 -0.414 1470 959458 -0.269 1516 952362 -0.280 
1425 1000037 -0.205 1471 449861 -1. 070 1517 324802 -1.267 
1426 812340 -0.501 1472 685024 -0.701 1518 583222 -0.861 
1427 1414065 0.445 1473 1293180 0.255 1519 1401299 0.425 
1428 1506916 0.591 1474 1655887 0.826 1520 1160705 0.047 
1429 1480166 0.549 1475 807861 -0.508 1521 462076 -1.051 
1430 912140 -0.344 1476 1184231 0 . 084 1522 317828 -1. 278 
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Year Streamflow Z-score Year Streamflow Z-score Year Streamtlow t Z-score 
AD AD AD -1523 705414 -0.669 1569 1360611 0.361 1615 1150518 0.031 

1524 898593 -0.365 1570 687090 -0.697 1616 1380778 0.393 
1525 2307049 1.849 1571 700909 -0.676 1617 1697901 0.892 
1526 1180280 0.078 1572 737765 -0.618 1618 2950128 2.860 
1527 415897 -1.124 1573 351879 -1. 225 1619 1381720 0.395 
1528 1018923 -0.176 1574 599208 -0.836 1620 1147620 0.027 
1529 655754 -0.747 1575 791834 -0.533 1621 2140878 1.588 
1530 1550919 0.661 1576 750650 -0.598 1622 783154 -0.546 
1531 868354 -0. 413 1577 1235484 0.165 1623 321180 -1. 273 
1532 418350 -1.120 1578 783687 -0.546 1624 461671 -1.052 
1533 743280 -0.609 1579 519718 -0.961 1625 1542492 0.647 
1534 972224 -0.249 1580 594479 -0.843 1626 521071 -0.959 
1535 999566 -0.206 1581 913015 -0.342 1627 954893 -0.276 
1536 1751356 0.976 1582 754158 -0.592 1628 809152 -0.506 
1537 921466 -0.329 1583 584924 -0.858 1629 1158097 0.043 
1538 547494 -0. 917 1584 332599 -1. 255 1630 1318554 0.295 
1539 1218904 0.139 1585 374525 -1.189 1631 1026838 -0.163 
1540 1751534 0.976 1586 766421 -0.573 1632 349805 -1. 228 
1541 754167 -0.592 1587 928965 -0.317 1633 680485 -0.708 
1542 196726 -1. 468 1588 960183 -0.268 1634 1125467 -0.008 
1543 1198975 0.107 1589 1254023 0.194 1635 1390331 0.408 
1544 1032937 -0.154 1590 418262 -1.120 1636 1132944 0.003 
1545 743691 -0.609 1591 378210 -1.183 1637 861132 -0.424 
1546 2210709 1.698 1592 656441 -0.746 1638 837127 -0.462 
1547 537331 -0.933 1593 1044691 -0.135 1639 1002714 -0.201 
1548 782683 -0.547 1594 1420141 0.455 1640 1795398 1.045 
1549 2458424 2.087 1595 1142866 0.019 1641 1569026 0.689 
1550 2414918 2.019 1596 1684902 0.871 1642 984678 -0.230 
1551 1433320 0.476 1597 571576 -0.879 1643 793386 -0.530 
1552 1341328 0.331 1598 829825 -0.473 1644 1896583 1.204 
1553 1028294 -0.161 1599 1328127 0.310 1645 1638171 0.798 
1554 989018 -0.223 1600 394950 -1.157 1646 721652 -0.643 
1555 772223 -0.564 1601 398974 -1.150 1647 1293298 0.256 
1556 1173213 0.067 1602 858166 -0.429 1648 402746 -1.145 
1557 1379001 0.390 1603 1315480 0.290 1649 1090161 -0.064 
1558 859322 -0.427 1604 1135693 0.008 1650 1821306 1.086 
1559 1122990 -0.012 1605 1035761 -0.149 1651 1727344 0.938 
1560 969114 -0.254 1606 946620 -0.289 1652 1233794 0.162 
1561 977135 -0.241 1607 1125683 -0.008 1653 592733 -0.846 
1562 1673218 0.853 1608 1716865 0.922 1654 292127 -1. 318 
1563 1871117 1.164 1609 1624200 0. 776 1655 891390 - -0.376 
1564 2004273 1.373 1610 2250908 1. 761 1656 1246117 0.181 
1565 1360175 0 .361 1611 917909 -0.335 1657 675638 -0. 715 
1566 662060 -0.737 1612 761070 -0.581 1658 744856 -0.607 
1567 679510 -0.709 1613 386897 -1.169 1659 975810 -0.244 
1568 2288738 1. 821 1614 1198125 0.106 1660 1242746 0.176 
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Year Streamtlow Z-score Year Streamtlow Z-score Year Streamtlow Z-score 
AD AD AD 

1661 1825666 1. 093 1707 488905 -1. 009 1753 701845 -0.674 
1662 1506117 0.590 1708 476108 -1. 029 1754 870393 -0 . 409 
1663 1312140 0 . 285 1709 717785 -0.649 1755 530814 -0.943 
1664 813342 -0.499 1710 1981156 1.337 1756 872743 -0 . 406 
1665 780061 -0.551 1711 1385500 0.401 1757 1016285 -0.180 
1666 526834 -0.949 1712 1216817 0.135 1758 2022247 1.402 
1667 536958 -0.934 1713 1109681 -0.033 1759 1492999 0.570 
1668 584479 -0.859 1714 1372328 0.380 1760 1163189 0.051 
1669 595436 -0 . 842 1715 544681 -0.921 1761 726457 -0.636 
1670 342599 -1.239 1716 456401 -1.060 1762 1516503 0.607 
1671 1007567 -0.194 1717 1087838 -0.067 1763 614529 -0.812 
1672 1891056 1.195 1718 2466348 2.100 1764 2894956 2.774 
1673 1270970 0.220 1719 1373866 0 . 382 1765 873521 -0.404 
1674 1288276 0.248 1720 2094752 1.516 1766 2326434 1.880 
1675 673812 -0. 718 1721 915773 -0.338 1767 1106422 -0.038 
1676 539196 -0.930 1722 442055 -1.083 1768 1264446 0.210 
1677 1369633 0.376 1723 1174529 0.069 1769 863035 -0.421 
1678 1008964 -0.191 1724 450332 -1.070 1770 921073 -0.330 
1679 986406 -0.227 1725 1358461 0 . 358 1771 1871917 1.165 
1680 2505538 2.161 1726 2679312 2.435 1772 1149693 0.030 
1681 2010040 1.382 1727 809702 -0.505 1773 233904 -1.410 
1682 1096290 -0.054 1728 369809 -1.196 1774 929961 -0.316 
1683 1391202 0.410 1729 321055 -1.273 1775 1367803 0.373 
1684 267479 -1. 357 1730 872708 -0.406 1776 1400217 0 . 424 
1685 328090 -1.262 1731 900183 -0. 3 62 1777 728704 -0.632 
1686 732294 -0.626 1732 1277286 0 . 230 1778 311424 -1. 288 
1687 2177428 1.646 1733 478161 -1. 026 1779 955126 -0.276 
1688 1472467 0.537 1734 1032648 -0.154 1780 541534 -0.926 
1689 2053755 1.451 1735 315086 -1.282 1781 833778 -0.467 
1690 1550422 0.660 1736 771497 -0.565 1782 444092 -1.080 
1691 1409771 0.439 1737 892704 -0.374 1783 1483859 0.555 
1692 1639343 0.800 1738 1510889 0.598 1784 2725076 2.507 
1693 1187985 0.090 1739 607986 -0.822 1785 330752 -1.258 
1694 1013030 -0.185 1740 973378 -0.247 1786 756228 -0.589 
1695 1349282 0.344 1741 1306035 0.276 1787 2852386 2.707 
1696 533583 -0.939 1742 1040667 -0.142 1788 523247 -0.955 
1697 736644 -0.620 1743 2010314 1.383 1789 659714 -0.741 
1698 772852 -0.563 1744 1368552 0.374 1790 694979 -0.685 
1699 1769188 1.004 1745 2149796 1.602 1791 1800930 1.054 
1700 674434 -0. 717 1746 3556120 3.813 1792 2632923 2.362 
1701 1639365 0.800 1747 1833595 1.105 1793 5787225 7.321 
1702 1368031 0.373 1748 170285 -1. 510 1794 556605 -0.903 
1703 675469 -0. 716 1749 2737221 2.526 1795 1247267 0.183 
1704 879836 -0 . 394 1750 850944 -0.440 1796 669249 -0. 726 
1705 1567177 0.686 1751 571546 -0.879 1797 584094 -0.859 
1706 1279234 0.233 1752 274304 -1.346 1798 571095 -0.880 
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Year Streamflow Z-score Year Streamflow Z-score Year Streamflow t Z-score 
AD AD AD . 

1799 1428641 0.468 1845 400413 -1.148 1891 1353296 0.350 
1800 426762 -1.107 1846 604588 -0.827 1892 1090912 -0.063 
1801 416962 -1.122 1847 285349 -1. 329 1893 543941 -0.923 
1802 1329864 0.313 1848 1822564 1.088 1894 571921 -0.879 
1803 507425 -0.980 1849 1941752 1.275 1895 1318452 0.295 
1804 1219244 0.139 1850 2075081 1.485 1896 723403 -0.640 
1805 636317 -0. 777 1851 672441 -0.721 1897 1288301 0.248 
1806 801385 -0.518 1852 1773526 1.011 1898 891784 -0.376 
1807 1168131 0.059 1853 1537882 0.640 1899 293291 -1. 317 
1808 1181712 0.080 1854 831438 -0.471 1900 354261 -1. 221 
1809 1047533 -0.131 1855 1270745 0.220 1901 1189447 0.092 
1810 773805 -0.561 1856 1010804 -0.189 1902 345529 -1.234 
1811 1082315 -0.076 1857 264214 -1.362 1903 1234527 0.163 
1812 1493591 0.570 1858 1361699 0.363 1904 334559 -1.252 
1813 397920 -1.152 1859 588555 -0.852 1905 1986859 1.346 
1814 947284 -0.288 1860 1038650 -0.145 1906 3150763 3.176 
1815 1631614 0.787 1861 453888 -1.064 1907 3060356 3.034 
1816 1951602 1.291 1862 2125724 1.564 1908 2443517 2.064 
1817 962133 -0.265 1863 599970 -0.834 1909 2374880 1.956 
1818 379875 -1.180 1864 340651 -1. 242 1910 1196060 0.103 
1819 489493 -1. 008 1865 2215202 1. 705 1911 2585256 2.287 
1820 375284 -1.188 1866 3255722 3.341 1912 1698941 0.893 
1821 1416538 0.449 1867 1575574 0.699 1913 534593 -0.937 
1822 329585 -1.260 1868 5299593 6.554 1914 1893758 1.200 
1823 493202 -1.002 1869 1266925 0.214 1915 2469331 2.105 
1824 1484009 0.555 1870 438619 -1.088 1916 2062330 1.465 
1825 1482035 0.552 1871 293748 -1.316 1917 2533409 2.205 
1826 1747734 0.970 1872 571231 -0.880 1918 876985 -0.399 
1827 871229 -0.408 1873 605931 -0.825 1919 2198566 1.679 
1828 2809249 2.639 1874 1346680 0.340 1920 2208123 1.694 
1829 440776 -1.085 1875 1073982 -0.089 1921 684917 -0.701 
1830 802360 -0.516 1876 579303 -0.867 1922 1933278 1.262 
1831 1489453 0.564 1877 618707 -0.805 1923 1104330 -0.042 
1832 1278668 0.233 1878 1220637 0.141 1924 1543531 0.649 
1833 1978183 1.332 1879 507902 -0.979 1925 875902 -0.401 
1834 974172 -0.246 1880 817714 -0.492 1926 1054572 -0.120 
1835 1248388 0.185 1881 598128 -0.837 1927 860455 -0.425 
1836 1140636 0.016 1882 709118 -0.663 1928 732122 -0.627 
1837 918560 -0.334 1883 837336 -0.461 1929 1023695 -0.168 
1838 2218805 1. 711 1884 1809005 1.066 1930 1647353 0.812 
1839 3306211 3.420 1885 1397410 0.419 1931 981000 -0.235 
1840 1358349 0.358 1886 985668 -0.228 1932 1812712 1.072 
1841 357138 -1.216 1887 418931 -1.119 1933 1216024 0.134 
1842 378042 -1.183 1888 1403711 0.429 1934 535162 -0.936 
1843 623748 -0.797 1889 1590954 0. 724 1935 925656 -0.322 
1844 2435612 2.052 1890 1751041 0.975 1936 615549 -0.810 
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Year Streamflow Z-score Year Streamtlow Z-score 
AD AD 

1937 1619465 0. 768 1983 1506117 0.590 
1938 963133 -0.263 1984 573610 -0.876 
1939 580817 -0.865 1985 1822933 1.088 
1940 697342 -0.681 
1941 2641418 2.375 
1942 1007550 -0.194 
1943 540406 -0.928 
1944 1359581 0.360 
1945 1192142 0.097 
1946 592024 -0.847 
1947 497670 -0.995 
1948 704755 -0.670 
1949 1792337 1.040 
1950 555489 -0.904 
1951 328798 -1.261 
1952 2034330 1.421 
1953 736184 -0.620 
1954 633687 -0.781 
1955 420249 -1.117 
1956 442452 -1. 082 
1957 1292476 0.254 
1958 1042211 -0 .139 
1959 515404 -0.967 
1960 1271173 0.221 
1961 644563 -0.764 
1962 1022145 -0 .171 
1963 398018 -1.152 
1964 533417 -0.939 
1965 1926960 1.252 
1966 1294676 0.258 
1967 758732 -0.585 
1968 1192460 0.097 
1969 1370693 0.377 
1970 777447 -0.555 
1971 302107 -1. 303 
1972 1162455 0.050 
1973 1702827 0.899 
1974 420800 -1.116 
1975 1621183 0.771 
1976 1546814 0.654 
1977 363983 -1.205 
1978 1306782 0.277 
1979 2020485 1.399 
1980 1673822 0.854 
1981 503352 -0.986 
1982 1548128 0.656 





Periodl:572-669(98years) 
Beginning: ArtificiaL first year of tree-ring data. 
End: 669 is tennination of same. 

APPENDIXB 
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Variability: Average flow for the period is somewhat less than the long-tenn mean (e.g., 572-1985); standard deviation (s.d.) 
is somewhat greater than long-tenn mean. Period Coefficient of Variation (C.V.). is greater than average C.V. for the 33 
periods characterized here. There are nearly an equal numbers of extremely wet and dry years. Significant variability from 
year-to-year. Period Z-score: -0.02 
Assessment: Variable, moderate 
Regional Picture: Wtr Table=H Sp Var=no data Temp Var=L 
Regional Environmental Assessment: Regional water tables, an expression of LFP, were high. This suggests that dry farming 
of higher elevations and fanning of floodplains and alluvial fans would have been successful much of the time, especially 
locations in the uplands. Although there are insufficient tree-ring data to monitor HFP spatial variability for this period, 
tree-ring growth departure data (Dean 1988b: Figure 5.7a) indicate the HFP temporal variation was low. This is interpreted 
to mean that the persistence of climatic conditions from year-to-year was high and reasonably predictable (i.e., low temporal 
variation indicates high temporal persistence and high temporal variation indicates low temporal persistence from 
year-to-year). 
Favored Strategy for the MLCR Area: A mixed strategy of dry farming and farming with harvested water away from the 
rivers as well as fanning of the floodplain would have been successful. This is predicted to have been a relatively favorable 
time for settlement along the ML.CR. 

Period Il: 670-695 (26 years) 
Beginning: Initiation of a wet period. 
End: Tennination of same. 
Variability: Period mean and s.d. are higher than long-tenn mean. Period C.V. is close to average for the 33 periods examined 
here. Many more extremely wet years than dry years. Period Z-score indicates wet overall: +0.61 
Assessment: Consistent, wet 
Regional Picture: Wtr Table=H Sp V ar=L Temp V ar=L 
Regional Environmental Assessment: Regional water tables were high, spatial conditions were similar over broad areas of 
the Colorado Plateau, and it continued to be a period of high temporal persistence and relative predictability from year-to-year. 

Favored Strategy for the MLCR: Given the consistently wet period, dry fanning and farming of non-floodplain areas would 
have been successful most of the time. The frequency of very wet years and floods likely would have made the floodplain 
of the :MLCR unmanageable for agricultural purposes in most years. It is likely that upland alluvial fanning would have been 
attractive. 

Period m: 696-727 (32 years) 
Beginning: Initiation of a consistently dry period. 
End: Tennination of same. 
Variability: Period mean and s.d. are significantly lower than long-term mean. Period C.V. is about average for 33 periods. 
No extremely wet years, but numerous dry years. Period Z-score: -0.57 
Regional Picture: Wtr Table=H Sp Var=L Temp Var=L 
Regional Environmental Assessment: Regional conditions continued as before; high regional water tables were present, spatial 
conditions were fairly homogenous, and there was relatively greater temporal persistence and predictability in climatic 
conditions from year-to-year. 
Favored Strategy for the MLCR: Given the consistently dry period, farming of floodplain settings would have been successful 
almost always. Given the high regional water tables and that conditions were similar over broad portions of the Colorado 
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Plat~ settlement near the arable portions of the MLCR and its major tributaries would have been favored. 

Period IV: 728-736 (9 years) 
Beginning: Initiation of a consistently wet period. 
End: Termination of same. 
Variability: Period mean is much greater than long-tenn mean, but period s.d. is notably lower. Thus, Period C.V. is 
somewhat higher than that of the 33 periods. No extremely dry years (actually, no dry years at all!) and 6/9 years were 
extremely wet. Thus, this is a short but extremely wet interval. with one outrageously wet year at 731. Period Z-Score: +1.72 
Assessment: Consistent, wet 
Regional Picture: Wtr Table= H Sp V ar=L Temp V ar=L 
Regional Environmental Assessment: Regional conditions continued as before; high regional water tables, similar conditions 
across space, and predictable conditions from year-to-year. 
Favored Strategy for the MLCR: Short but extremely wet period of nine y~ especially severe flood years of A.D. 730 and 
731, would have made successful floodplain fanning difficult. Dry farming and water harvesting strategies would have been 
more successful in this period. 

Period V: 737-797 (61 years) 
Beginning: Initiation of a drier period, more moderate overall. 
End: Termination of same. 
Variability: Period mean and s.d. are notably lower than long-term mean and s.d. Period C.V. is higher than average for 33 
periods. More-or-less equal nwnber of extremely wet and dry years. Period Z-score: -0.21 indicates this is the dry end of 
"moderate." 
Assessment Variable, moderate 
Regional Picture: Wtr Table=H/M Sp V ar=L Temp V ar=H 
Regional Environmental Assessment: While spatial variation remained low (i.e., relatively similar across space), temporal 
variation increased and climatic conditions no longer were persistent from year-to-year. Further, regional water tables, 
although still high, began to drop around A.D. 750. Within this period, changes to LFP and HFP occurre4 and the conditions 
that enable populations to predict successful agricultural strategies were altered. 
Favored Strategy for the MLCR: Those practicing or benefiting from mixed strategies in a variety of settings would have 
been favored. Given the preponderance of dry years and lower than average stream flow, floodplain agriculture would have 
been successful most years. Increased food production and the increasing emphasis on food storage were likely strategies 
to reduce subsistence risk under such HFP conditions. 

VI: 798-807 (10 years) 
Beginning: Initiation of consistently wet period. 
End: Termination of same. 
Variability: Period mean and s.d. are much higher than long-term mean and s.d. Period C.V. is about the same as average 
for 33 periods. No extreme dry years and 5/10 are extremely wet years. Period Z-score: + 1.73. 
Assessment: consistent, wet 
Regional Picture: Wtr Thl=M Sp Var=L Temp Var=H 
Regional Environmental Assessment: The trend of dropping water tables continued. Spatial and temporal variation continued 
as before-fairly uniform but unpredictable from year-to-year. 
Favored Strategy for the MLCR: Given this short but extremely wet period, dry farming strategies and fanning of settings 
away from the river would have been favored. Three consecutive years of flood-proportion, A.O. 803, 804, and 805 occurred, 
and probably resulted in temporary abandonments of floodplain farming settings. 

Period VII: 808-896 (89 years) 
Beginning: Initiation of a more moderate, variable period. 
End: Termination of same. 
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Variability: Period mean and s.d. are both slightly less that the long-tenn mean and standard deviation. Period C.V. is greater 
than average for 30 periods. Fewer extreme events than is typicaL with a slight preponderance of wet years over dry years. 
Period Z-score: +0.09 
Assessment. Variable, moderate 
Regwnal Picture: Wtr Tbl=M/L Sp V ar=L Temp V ar=H 
Regional Environmental Assessment: Regional water tables continued to drop and reach one of the 550-year minima 
characterized by Dean (1988b). Spatial and temporal variation continued as before. Temporally unpredictable conditions 
were pervasive over larger areas of the Plateau. Such a combination of conditions-low water tables. low spatial variability, 
and high temporal variability-possibly may represent the most nonoptimal situation. Opportunities for certain upland and 
lowland agricultural strategies are restricted, predictability of climatic conditions from year-to-year is low, and conditions are 
similar over great expanses, limiting options for movement to areas of lesser risk. 
Favored Strategy for the MLCR: Despite the low regional water tables, this was a period characterized by variable but 
moderate climate and streamflow regime. A mixed strategy that encouraged the use of diverse settings and fanning 
techniques would have been successful. Locales where subsurface bedrock maintamed water tables close to the surface of 
the river channel and prevented them from entrenching would have been 
particularly attractive for agriculture. 

Period VIII: 897-89') (3 years) 
Beginning: Initiation of a short but extreme severe wet episode (almost an "event"). 
End: three years extremely wet, especially the extraordinacy year of AD. 899. 
Variability: Period mean is extremely high, but so also is s.d. The final of the three years is so high that it greatly alters all 
other values near it, included in adjacent periods. Period C.V. is considerably high than the average of the 33 periods. Period 
Z-score: 2.93 
Assessment: consistent, wet 
Regwnal Picture: Wtr Tbl=L Sp Var=L Temp Var=H 
Regwnal Environmental Assessment: Regional water tables were still quite low. Spatial and temporal variation in climatic 
conditions continued as before. 
Favored Strategy for the MLCR: During this short wet interval, crop production under dry fanning and fanning of 
non-riverine locations would have been favored. In particular, fanning of the middle Little Colorado River floodplain in AD. 
899 would likely have been impossible~ the catastrophic flood of that year was the worst in the 1414-year record. It is 
possible that such a flood altered the floodplain significantly and affected adjacent lands as well as settlement on the river 
terraces. 

Period IX: 900-925 (26 years) 
Beginning: Initiation of a consistently dry period. 
End: Termination of same. 
Variability: Period mean and s.d. are much lower than long-tenn mean and s.d Pd C.V. is higher than for the 33 periods. 
Only one extremely wet year compared to numerous extremely dry years. Period Z-score: --0.51 
Assessment: Consistently dry 
Regwnal Picture: Wtr Thl=L Sp Var=L Temp Var=H 
Regional Environmental Assessment: Regional conditions of the previous period continued. Water tables were still low but 
began to rise, and temporally unpredictable climatic conditions were experienced broadly across space. 
Favored Strategy for the MLCR: Given the consistently dry conditions of the period, lowland floodplain fanning would have 
been favored only in places with perched water tables. 

Period X: 926-950 (25 years) 
Beginning: Initiation of wetter period. 
End: Tennination of same. 
Variability: Period mean is greater than long-tenn mean; period s.d. is lower than the long-term s.d .. Period C.V. is slightly 
lower than average for 33 periods. Many more extremely wet than dry years. Period Z-score: +0.56 
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Assessment: Consistent, wet 
Regional Picture: Wtr Thl=M Sp V ar=L Temp V ar=H 

Regiona.l Environmental Assessment: Regional water tables continued to rise and conditions improved for dry fanning and 

alluvial agriculture. However, it continued to be a period of greater temporal variability, and it was widely experienced across 

the Colorado Plateaus. 
Favored Strategy for the MLCR: Dry fanning strategies would have been most successful during this period of fairly 

consistently wet conditions. 

Period XI: 951-1003 (53 years) 
Beginning: Initiation of a drier, more variable interval. 
End: Termination of same. 
Variability: Period mean and s.d. lower than long-term mean. Period C.V. is greater than the average for the 33 periods. 

More than twice as many extremely dry years than wet years. Period Z-score: -0.21 

Assessment: Variable, moderate to dry 

Regiona.l Picture: Wtr Thl=MIH Sp Var=L Temp Var=H 
Regiona.l Environmental Assessment: Regional water tables continued to rise and are moderately high. Spatial and temporal 

conditions continued as they were previously. Temporal persistence from year-to-year was low and were experienced over 

great expanses. 
Favored Strategy for the MLCR: Given the moderate-to-dry and variable conditions of the peri~ a mixed strategy that 

favored floodplain settings for agriculture would have been favored. 

Period XII: 1004-1032 (29 years) 
Beginning: Initiation of a more moderate period. 
End: Termination of same. 
Variability: Period mean and s.d. are somewhat less than long-term mean. Period C.V. is about the same as the average of 

the 33 periods. About the same number of extremely dry and wet years. Period Z-score: -0.01 

Regiona.lPicture: WtrThl=H Sp Var=L Temp Var=L 
Regional Environmental Assessment: Regional conditions were nearly optimal. Water tables were high, spatial variation 

was low, and temporal variation was low, suggesting the great temporal and spatial predictability of the times and its 

salubrious character. 
Favored Strategy for the MLCR: A mixed strategy that achieved success in a variety of environmental settings and with a 

diverse set of agricuJtural strategies would likely have occurred. 

Period XIII: 1033-1044 (12 years) 
Beginning: Initiation of a consistently dry period. 
End: Termination of same. 
Variability: Period mean and s.d. are considerably lower than long-term mean. Period C.V. is also much lower than the 

average for the 33 periods. Consistently dry year after year for 12 years, although few extremes. Period Z-score: -0.60 

Assessment: Consistent, dry 
Regional Picture: Water Thl=H Sp V ar=H Temp V ar=L 
Regional Environmental Assessment: While regional water tables remained high and climatic conditions showed greater 

temporal persistence from year-to-year during this peri~ spatial variation was more marked for the first time since about 

A.D. 650. This indicates that there was a uneven distnl>ution in the way climatic conditions were experienced across broad 

expanses of the Colorado Plateau. Such a condition likely allowed or even encouraged population movement and commodity 

exchange between areas of greater and lesser subsistence risk. The combination of high water tab~ high spatial variability, 

and low temporal variation (i.e., high temporal persistence) may represent the most optimal of all regional conditions. Upland 

and lowland agricuJtural options are possible. movement and/or exchange are possible. and conditions are fairly predictable 

from year-to-year. This combination lasted for almost 120 years, from this period through the middle of the 12th century. 

Favored Strategy for the MLCR: Given that this was a short but consistently dry period, floodplain agriculture would have 

been favored along the middle Little Colorado River and its tnl>utaries. particularly since regional water tables were high. 



Period XIV: 1045-1087 (43 years) 
Beginning: Initiation of a more moderate inteival with more consistency year-to-year. 
End: Termination of same. 
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Variability: Period mean is greater and s.d. are somewhat less than long-tenn mean and s.d .. Pd C.V. is somewhat lower than 
average for 33 periods. There are relatively few extreme years in this period, but there are more extremely wet years than dry 
years. Period Z-score: +0.14 
Assessment: consistent, moderate to wet 
Regional Picture: Water Thl=H Sp V ar=H Temp V ar=L 
Regional Environmental Assessment: Regional climatic conditions continued as before. Water tables were high, variation 
across space was high, and there was great temporal persistence in climatic conditions from year-to-year. 
Favored Strategy for the MLCR: Overall, the period was quite moderate; a mixed strategy would have been successful most 
of the time. A very dry year in 1067 was followed by nearly seven years of moderate dryness when floodplain agriculture 
would have been favored. 

Period XV: 1088-1151 (64 years) 
Beginning: Initiation of variable but moderately dry period. 
End: Termination of same. 
Variability: Period mean and s.d. are notably less than long-term mean. Pd C.V. is less than average for 33 periods. There 
are relatively few extreme years, but extremely dry years occur more frequently than extremely wet years. Period Z-score: 
-0.21 
Assessment: Variable, moderate-to-dry 
Regional Picture: Wtr Thl=H Sp V ar=H Temp V ar=L 
Regional Environmental Assessment Regional climatic conditions were still fairly optimal. Water tables remained high, 
although began to dip just before 1100. Spatial variation was still fairly pronounced, but there was persistence in climatic 
conditions from year-to-year. 
Favored Strategy for the MLCR: Variable, but moderate-to-dry conditions for the period suggest that a mixed strategy would 
have been successful in most years. Given the tendency for more individually dry than wet years, although with few 
extremes, use of the middle Little Colorado floodplain during this period of generally high water tables would have been 
excellent. 

Period XVI: 1152-1182 (31 years) 
Beginning: Initiation of a variable but more moderate period. More year-to-year alternations of wet to dry than in previous 
period. 
End: Termination of same. 
Variability: Period mean and s.d. are somewhat less than long-term mean. Period C.V. is higher than average for 33 periods. 
More extremely dry years than extremely wet years. Period z-score: -0.01 
Assessment: Variable, moderate 
Regional Picture: Wtr Tol=H/M Sp V ar=L Temp V ar=L 
Regional Environmental Assessment: Regional water tables continued to dip toward more moderate levels. While temporal 
variation continued to be low and showed a marked tendency for persistence from year-to-year, spatial variation become much 
less varied, indicating that this condition was widespread in the northern Southwest 
Favored Strategy for the MLCR: Moderate but variable conditions suggest that a mixed strategy would have been favored. 

Period XVIl: 1183-1204 (22 years) 
Beginning: Initiation of a wetter, but still variable inteival. 
End: End of same. 
Variability: Pd mean is somewhat greater and period s.d. is somewhat lower than long-tenn mean and s.d., Period C.V. is 
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about the same as the average for the 33 periods. Relatively few extreme years, but wet years predominate wh~ they do 
occur. Period Z-score:+-0.23 
Assessment: Variable, moderate-to-wet 
Regional Picture: WtrTable=M/H Sp Var=L Temp Var=L 
Regional Environmental Assessment: Regional water tables began to rise once again. Spatial and temporal variation remained 
low, indicating that this widespread condition persists from year-to-year. 
Favored Strategy for the MLCR: Moderate-to-wet but variable conditions suggest that a mixed strategy would still have been 
successful Given the greater frequency of wet than dry years, it would seem that fanning of non-floodplain settings and dry 
farming strategies may have been have successful much of the time. 

Period xvm: 1205-1227 (23 years) 
Beginning: Initiation of a consistently dry interval. 
End: Tennination of same. 
Variability: Pd mean and s.d. are notably less than long-term mean and s.d. Period C.V. is slightly greater than of average 
of 33 periods. Relatively few extreme years. However, when they occur, they are extremely dry years (1227 is notable). 
Period Z-score: -0.41 
Assessment. Consistent, dry 
Regional Picture: Wtr Tbl=H Sp V ar=L Temp V ar=L 
Regional Environmental Assessment: Regional climatic conditions were again fairly optimal; water tables were high, there 
was high temporal persistence in climatic conditions, and these conditions were experienced over large areas. 
Favored Strategy for the MLCR: Given the consistently dry but not extreme nan.ire of the peri~ floodplain agriculture 
would have been favored in the middle Llttle Colorado River valley. High water tables would have encourage alluvial 
fanning wherever it was possible. 

Period XIX 1228-1249 (22 years) 
Beginning: Initiation of a consistently wet interval. 
End: Tennination of same. 
Variability: Period mean is somwhat greater and period s.d. is somehwat less than long-term s.d .. Period C.V. is less than 
the average for 33 periods. Period has few extreme years and when they occur, they are all extremely wet years; no extremely 
dry years at all. Period Z-score: +0.21 
Assessment. Consistently, moderate-to-wet. 
Regional Picture: Wtr Tbl=H Sp V ar=L Temp Var=L 
Regional Environmental Assessment: Regional conditions continue; water tables are high, spatial variation is low, and 
temporal persistence is high. 
Favored Strategy for the MLCR: More wet than dry years with few extremes suggest that dry fanning and fanning of 
non-floodplain locations would have met with frequent success during this period. 

Period XX: 1250-1275 (26 years) 
Beginning: Initiation of variable moderate period. 
End: Termination of same. 
Variability: Period mean and s.d. are lower than the long-term mean and s.d. Period C.V. is slightly higher than that for the 
average of the 33 periods. There are the same number of dry years as wet years. Period Z-score: -0.04 
Assessment: V ariab1e, moderate 
Regional Picture: Wtr Thl=H Sp Var=L Temp Var=L _ 
Regional Environmental Assessment Regional conditions were unchanged. High water tables and low spatial and temporal 
variation in these conditions suggest that these conditions were widely experienced and persistent 
Favored Strategy for the MLCR: While the period is moderate overall, there were more extreme wet and dry years, and they 
occurred irregularly. A mixed strategy would have been favored. 
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Period XXI: 1276-1299 (24 years) 
Beginning: Initiation of a consistently dry period. 
End: Termination of same. 
Variability: Both mean and s.d. are lower than that of long-term mean and s.d .. Period C.V. is higher than that of 33 periods. 
Period Z-score: -0.36 
Assessment: Consistent dry 
Regional picture: Wtr Thl=H Sp V ar=L Temp V ar=L 
Regional Environmental Assessment: Regional conditions were basically unchanged, although water tables began their drop 
to 550-year minima at this time. Overall. water tables were hi~ spatial variation was low, and temporal persistence was 
high. 
Favored Strategy for the MLCR: Floodplain agriculture would have been favored in light of consistently dry conditions. 

Period XXII: 1300-1334 (35 years) 
Beginning: Initiation of variable moderate-to-wet period. 
End: Termination of same. 
Variability: Period mean and s.d. are greater than long-term mean and s.d. Period C.V. is slightly less than that of the average 
for the 33 periods. There are few extremes and when they occur they are almost always wet periods. Period Z-score: +0.15 

Assessment: Variable, moderate-to-wet 
Regional Picture: Wtr Thl=HIM Sp V ar=L Temp V ar=L 
Regional Environmental, Assessment: Regional water tables continued to drop and were a moderate levels. Spatial and 
temporal variation remained as before. Temporally persistent conditions were widely experienced in the northern Southwest 
Favored Strategy for the MLCR: A dramatic return to wetter and more variable conditions would have encouraged a mixed 
strategy. The frequency of wetter-than-normal years would have encouraged dry fanning and fanning of non-riverine 
locations. 

Period XXIII: 1335-1355 (21 years) 
Beginning: Initiation of consistently dry period. 
End: Termination of same. 
Variability: Period mean and s.d. are notably lower than long-term mean and s.d. 
Period C.V. is slightly less than that of the average of the 33 periods. There are few extreme years; and none of them are wet 
years. Period Z-score: -0.19 
Assessment: Consistent, dry 
Regional Picture: WtrThl=M Sp Var=H Temp Var=L 
Regional Environmental Assessment: Regional waters continued their drop. At this time they were in the moderate range. 
While climatic conditions remained fairly predictable from year-to-year, spatial variation once again became high. Much 
variable in conditions were experienced from place-to-place. 
Favored Strategy for the MLCR: Consistently drier than normal years characterized this period. Floodplain agriculture would 
have been favored and dry farming would have rarely succeeded. 

Period XXIV: 1356-1359 ( 4 years) 
Beginning: Initiation of consistently wet interval. 
End: Termination of same. 
Variability: Period mean is much greater than the mean for the long-time mean but s.d. is much less. Period C.V. is much 
lower than that for the average of the 33 periods. 3 out of the 4 years are extreme. Period Z-score: + 1.29 
Assessment: Consistent, wet 
Regional Picture: Water Toi= M Sp Var= H Temp V ar=H 
Regional Environmental Assessment: Regional water tables continued to drop. They were at only moderate levels at this time. 
Predictability in climatic conditions from year-to-year became low and spatial variability was hi~ making this a time of 
much uncertainty. Population movement, commodity exchange, and emphasis on food storage are expected behaviors for 
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such a period. , 

Favored Strategy for the MLCR: During this short but severe interval. stream flow conditions are reconstructed td'have been 

extremely high and likely desttuctive. Floodplain farming would have been hazardous if not impossible. Thy fanning and 

use of non-floodplain environments would have been more successful endeavors. 

Period XXV: 1360-1379 (20 years) 
Beginning: Initiation of consistently mild interval.. 
End: Tennination of same. 
Variability: Period mean and s.d. are notably lower than the long-tenn mean and s.d. Period C.V. is considerably less than 

that of the average for the 33 periods. There are few extreme years and none of these are wet. Period Z-score: -0.13 

Assessment: Consistent, moderate 
Regional Picture: Water Tbl= M Sp Var= H Temp Var=H 
RegionaJ Environmental Assessment: Regional water tables continued to drop to below long-term average conditions. Spatial 

and temporal variation in clima1ic conditions remained high and unpredictable. 
Favored Strategy for the MLCR: Conditions ameliorated in the middle Little Colorado River valley. Few extreme year&, 

either wet or dry, occurred in this interval. A mixed strategy would have been successful. 

Period XXVI: 1380-1384 (5 years) 
Beginning: Initiation of consistently wet period. 
End: Termination of same. 
Variability: Period mean and s.d. are considerably higher than the long-term mean. Period C.V. is greater than that of the 
average of the 33 periods. Three out of the five years are extreme and include two highly extreme years at 1382 and 1384. 

Period Z-score: + 2.27 
Assessment: Consistent, wet 
Regional Picture: Wtr Thl=L Sp Var= H Temp Var=H 
Regional Environmental Assessment: As before, regional water tables continued to drop and are considered to be low. Spatial 

and temporal variation in clima1ic conditions continued to be high. 
Favored Strategy for the MLCR: Perhaps the most severe flood episode of the 1414-year record, these four years we~ 

unrelentingly wet and undoubtedly desnuctive. Significant alternations of the floodplain and adjacent land forms are expected 

to have occurred. Farming m the floodplain would have been imposSible and only fanning of non-floodplain locations would 

have been successful. 

Period XXVII: 1385-1395 (11 years) 
Beginning: Initiation of consistently dry interval. 
End: Termination of same. 
Variability: Period mean and s.d. are considerably lower than those for the long-term mean and s.d. Period C.V. is less than 

that of the average of the 33 periods. There are few extreme yearts and none of them are wet. Period Z-score: -0.60 

Assessment: Consistent, dry 
Regional Picture: Wtr Tbl=L Sp Var= H Temp Var=H 
Regional Environmental Assessment: Already low regional water tables plunged toward a 550-year minima. Climatic 

conditions remained highly unpredictable from year-to-year and were experienced differently across space. 

Favored Strategy for the MLCR: Floodplain fanning in locations where bedrock close to the surface maintained water table 

and prevented deep entrenchment of drainages would have been favored. 

Period xxvm: 13~ 1434 (39 years) 
Beginning: Initiation of moderate variable period. 
End: Termination of same. 
Variability: Period mean is higher and s.d. is lower than the long-term mean and s.d. Period C.V. is slightly less than the 

average of the 33 periods. There are relatively few extreme years, more of them being wet than dry. Period Z-score: +0.02 
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Assessment: Variable, moderate 
Regional Picture: Wtr Thl= L Sp Var=H Temp Var=H 
Regional Environmental Assessment: Low regional water tables continued to drop to their lowest ebb. Temporal persistence 
is low and spatial variation in climatic conditions is high. 
Favored Strategy for the MLCR: A return to a more moderate but variable conditions would have encouraged a mixed 
strategy. 

Period XXIX: 1435-1456 (22 years) 
Beginmng: Initiation of consistently dry period. 
End: Tenninati.on of same. 
Variability: Period mean and s.d. are considerably less than those for the long-term mean and s.d .. Period C.V. is less than 
that of the average of the 33 periods. There are few extremes and all of them are dry. Period Z-score: -0.52 
Assessment: Consistent, dry 
Regional Picture: WtrThl=L Sp Var=H Temp Var=H 
Regional Environmental Assessment: Regional water tables reached their 550-year minima at this time. As before, there was 
much variability in climatic conditions across the northern Southwest. Also as before, it was a time of great uncertainty in 
climatic conditions from year-to-year. 
Favored Strategy for the MLCR: Consistently dry conditions almost without relief would have encourage floodplain 
agriculture in those places where bedrock prevented entrenchment of river channels. 

Period XXX: 1457-1472 (16 years) 
Beginning: Initiation of moderate and variable conditions. 
End: Termination of same. 
Variability: Period mean is less and s.d. is greater than those for the long-term mean and s.d .. Period C.V. is much higher 
(less predictable) than that of the average of the 33 periods. There are roughly equal numbers of extremely wet and dry years. 
Period Z-score: -0.06 
Assessment: Variable, moderate 
Regional Picture: Wtr Thl=L Sp Var=H Temp Var=H 
Regional Environmental Assessment: Regional water tables remained extremely low, spatial variation was high. and temporal 
persistence was low. 
Favored Strategy for the MLCR: A highly unpredictable and variable period with many extremes in wet and dry years would 
have made agriculture of any sort highly unpredictable in the MLCR valley. Where possible, a mixed strategy would have 
been necessary. 

Period XXXI: 1473-1491 (19 years) 
Beginning: Initiation of consistently wet period. 
End: Termination of same. 
Variability: Period mean and s.d. are considerably higher than that of the long-term mean and s.d.. Period C.V. is 
considerably higher than for the average of the 33 periods. Almost all extreme years are wet Period Z-score: +0.67 
Assessment: Consistent, wet 
Regional Picture: Wtr Thi= L Sp Var= H Temp V ar=H 
Regional Environmental Assessment: While regional water tables began their long ascent back to more moderate levels, they 
were still exceptionally low. Spatial and temporal variation continued unchanged from previous periods; climatic conditions 
were unpredictable and patchy. 
Favored Strategy for the MLCR: A period of nearly consistently wetness would have encouraged the use of dry farming 
methods and non-floodplain settings for agriculture. 

Period XXXII: 1492-1506 (15 years) 
Beginning: Initiation of consistently dry period. 
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End: Termination of same. 
Variability: Period mean and s.d. are significantly lower than the long-term mean and s.d .. Period C.V. is about the same as 
the average for the 33 periods. Only 3 years are extreme, all of them are dry. Period Z-score: -0.39 
Assessment: Consistent, dry 
Regional Picture: Wtr Thl=M Sp Var=H Temp Var=H 
Regional Environmental Assessment: Regional water tables continued to rise and reached moderate levels once again. Spatial 
and temporal variation remained high and unpredictable. 
Favored Strategy for the MLCR: Nearly consistent dryness would have encouraged floodplain agriculture once again. 

Period XXXIII: 1507-1545 (39 years) 
Beginning: Initiation of consistent moderate to dry period .. 
End: Termination of same. 
Variability: Period mean and s.d. are less than the long-tenn mean and s.d. Period C. V. is greater than that of the average 
of the 33 periods. There are more extremely dry years than wet years. Period Z-score: -0.15 
Assessment: Consistent, moderate-to-dry 
Regional Picture: Wtr Thl=M Sp V ar=H Temp V ar=H 
Regional Environmental Assessment: Regional water tables continued to rise but still remained at moderate levels. As before 
it was a period of great temporal and spatial variation. 
Favored Strategy for the MLCR: Fairly consistent occurrences of moderate-to-dry and very dry years during this period would 
have encouraged use of the floodplain for agriculture. 

Notes: 
1. Period characteriz.ations incorporating the earliest portion of this tree-ring data set, from A.D. 572-739 are provisional and 
made with only a low degree of confidence; there are few tree-ring samples that cover this period. They were incorporated 
into this study, however, at the request of E.C. Adams and RC.Lange for provisional use in the examination of the Homolovi 
State Parle survey data. 

2. The long-term mean and standard deviation of the 1414-year data set (A.D. 572-1985) is 1,130,731 +/- 636,052 millions 
of acre feet per year. 

3. The 33 periods delineated in this study include the 974 years between 572 and 1545, inclusive. 

4. The C.V. is the coefficient of variation. It is a value equal to the ratio of the standard deviation to the mean, times 100. 
The C.V. is used as a measure or proxy for predictability of a given condition. The lower this value, the great.er the 
predictability (i.e., the less variation relative to the average conditions during a given time interval) and conversely, the higher 
the C. V ., the less predictable a given condition for a certain interval of time. 

5. A Z-score is a "standardized" standard deviation unit. It is created by substracting the mean value for the series from a 
annual value and then dividing this value by the series standard deviation. When data are transformed in this way, they 
readily portray illustrate annual magnitudes and multi-year trends. 

6. "Wtr Thl," "Sp Var," and "Temp Var" represent Water Table, Spatial Variation, and Temporal Variation, respectively. 
Values assigned to these variables are derived from graphed values depicted in Table 5.7 in Dean (1988a, 1988b). In this 
study. the water table was assigned High (H), Moderate (M)., of Low values (L)t whereas spatial and temporal variability were 
assigned either High (H) or Low (L) values. 

7. Low temporal variability means this was a period of high temporal persistence~ conditions of previous year were a 
reasonably good predictor of conditions for the following year. By contrast, high temporal variability indicates that this was 
a period where it was difficult to predict what a following year be like climatically from the experiences of the previous year. 
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Kelley Hays-Gilpin, Trixi Bubemyre, and Louise Senior 

Table C.1 
Homolovi Black-on-red, Original Colors of Paste and Surface, from Homol' ovi III Early and 

Late Occupations. 

Munsell Color 

l0R 5/6 

Total 

Quantity Paste 

1 

1 

Table C.2 

Quantity Surface 

1 

1 

Black Axe Polychrome, Original Colors of Paste and Surfaces, from Homol' ovi III Early and Late 
Occupations. · 

Munsell Color 

l0R 5/6 

Total 

Quantity Paste 

1 

1 

281 

Quantity Surface 

1 

1 
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Table C.3 
Chavez Pass Black-on-red, Original Colors of Paste and Surface, from Homol' ovi III Early and 

Late Occupations. 

Munsell Color 

2.5YR5/6 

2.5YR6/4 

2.5YR6/6 

2.5YR6/8 

5YR 7/4 

5YR8/3 

7.5YR 8/2 

7.5 YR8/4 

IOYR8/4 

10R5/8 

IOR 6/6 

10R6/8 

Total 

Quantity Paste 

I 

1 

1 

I 

1 

2 

I 

8 

Table C.4 

Quantity Surface 

3 

I 

I 

I 

I 

1 

8 

Chavez Pass Polychrome, Original Colors of Paste and Surface, from Homol' ovi III Early and 
Late Occupations. 

Munsell Color Quantity Paste Quantity Sm-face 

2.5YR6/4 I 

2.5YR6/6 1 

5YR 7/4 I 

7.5YR8/4 1 

10R4/4 1 

10R5/6 1 

Total 3 3 
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Table C.5 
Tuwiuca Orange, Original Colors of Paste and Surface, from Hornor' ovi III Early and Late 

Occupations. 

Munsell Color 

2.5YR5/6 

5YR5/6 

5YR 7/6 

Total 

Quantity Paste 

1 

1 

2 

TableC.6 

Quantity Smface 

1 

1 

2 

Tuwiuca Black-on-orange, Original Colors of Paste and Surface, from Homol' ovi III Early and 
Late Occupations. 

MllllSell Color 

2.5YR0/5 

2.5YR5/6 

2.5YR6/4 

2.5YR6/6 

5YR5/4 

5YR6/3 

5YR6/4 

5YR6/6 

5YR 7/3 

5YR 7/4 

5YR 7/6 

5YR 8/1 

5YR8/3 

5YR8/4 

Quantity Paste 

1 

1 

4 

2 

1 

2 

7 

1 

1 

1 

8 

Quantity Smface 

3 

5 

4 

1 

2 

2 

4 

1 

6 

5 
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Table C.6 {cont'd} ~-

Munsell Color Ouanti!Y Paste Ouanti!Y Surface 

5YR8/6 2 1 

7.5YR6/4 1 

7.5YR6/6 1 

7.5YR 7/2 1 

7.5YR 7/4 1 3 

7.5YR 7/6 2 

7.5YR8/2 2 

7.5YR8/4 4 

7.5YR8/6 1 

10YR6/4 1 1 

lOYR 7/3 1 

10YR8/1 1 

10YR8/2 1 

10YR8/3 1 

10YR8/4 I 

I0R6/4 2 

Total 49.00 41.00 
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Table C.7 
Homolovi Polychrome, Original Colors of Paste and Surface, from Homol' ovi III Early and Late 

Occupations. 

Munsell Color 

2.5YR 5/4 

2.5YR5/8 

2.5YR 6/4 

2.5YR6/6 

2.5YR 5/6 

2.5YR6/8 

5YR 5/2 

5YR5/6 

5YR6/4 

5YR6/6 

5YR6/8 

5YR 7/1 

5YR 7/3 

5YR 7/4 

5YR 7/6 

5YR 7/8 

5YR 8/3 

7.5YR6/0 

7.5YR6/2 

7.5YR6/4 

7.5YR 7/2 

7.5YR 7/4 

7.5YR 8/2 

7.5YR 8/4 

Quantity Paste 

1 

1 

3 

5 

1 

1 

1 

1 

2 

4 

2 

1 

1 

1 

1 

3 

Quantity Surface 

2 

1 

1 

5 

2 

1 

1 

1 

3 

1 

1 

1 

4 

1 

3 

2 
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i 

Table C. 7 (cont'd) 
..,, 

Munsell Color Quantity Paste Quantity Surface 

l0YR 5/1 1 

10YR6/2 1 

lOYR 6/4 1 

lOYR 7/1 1 

lOYR 7/4 1 

l0YR 8/3 1 

N4 1 

N5 1 2 

N6 2 

Total 36.00 35.00 
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Kelley Hays-Gilpin, Trixi Bubemyre, and Louise Senior 

Traditional Group Number 

I 

2 

3 

4 

5 

6 

7 

Color Group 
Name 

Buff 

Buff 

Buff 

Yellowish Red 

Yellowish Red 

Red 

Red 

Munsell Color 

2.SYR (7/0-7/4) 

2.SYR (8/0-8/4) 

5YR (8/1-8/4) 

10YR(6/6) 

10YR(7/l-7/8) 

lOYR 98/1-8/4) 

7.SYR (7/0-7/4) 

7.SYR (8/0-8/4) 

lOYR (7/6-7/8) 

IOYR (8/6-8/8) 

5YR (7/1-7/4) 

5YR (8/1-8/4) 

7.SYR (5/2-5/8) 

7.SYR (6/6-6/8) 

7.SYR (7/6-7/8) 

7.5YR(8/6) 

5YR(4/6) 

SYR (5/4-5/8) 

5YR (6/6-6/8) 

5YR(7/6-7/8) 

2.SYR ( 4/4-4/8) 

2.SYR (5/4-5/8) 

2.SYR (6/4-6/8) 

1 OR (5/3-5/8) 

lOR (6/3-6/8) 

2Toe grouping of Munsell readings into color groups follows the research of Windes (1977:Table 10.5), Mills 
(1987: Table 12.1 ), and Bubemyre and Mills (1993: Table 64, 237) which is reproduced here. 
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